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Abstract

This qualitative research was initiated to establish user-centered interface design principles for
an Automated Reporting System. Automated Medical Reporting was already proposed as a solu-
tion to the administrative burden in healthcare and to increase patient-doctor contact. This so-
lution yields recording a consultation and generating a report automatically, which supports care
providers in performing administrative tasks. In order to expand this vision by including interface
design principles without overlooking the usability aspects, a case study within the preoperative
screening was conducted. In this research, the current situation of this case study was first inves-
tigated according to a task analysis, a heuristic evaluation of the Electronic Health Record system
in use, and stakeholder interviews. Then the knowledge gained on preoperative screenings and
the findings of the interviews were translated into design choices. Based on these design choices
and IT expert feedback, a treatment design in the form of a high-fidelity prototype of an Auto-
mated Medical Reporting system for preoperative screenings was developed. This treatment was
evaluated by conducting think-aloud sessions, a focus group and an expert interview. According
to the evaluations, the following can be concluded. Medical specialists find it hard to envision
their workflow using an Automated Medical Reporting system, and many individual preferences
exist. However, the design of an Interface for an Automated Medical Reporting system should be
built around system status visibility, care provider control, consultation traceability and patient
privacy.
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Chapter 1

INTRODUCTION
In healthcare, the focus should be on providing the care the patient requires (Bremmers, 2019).
To do so, during consultations care providers need to document their observations and findings.
This documentation process is done carefully, which takes time. Time a care provider does not
always have because of the current workload in the healthcare sector. Care professionals face
staff shortages and the rising demand for care on a daily basis. These two challenges are not likely
to be solved in the near future, because of the grey line. The proportion of elderly people will
increase, which is the group that generally needs more care. On the other hand, the group of
people who are able to provide care is not likely to be increased. Currently 1.2 million people in
the Netherlands work in the healthcare sector (Planbureau, 2018), but to provide the care needed,
more employees are desirable. This rising demand and the lack of a concrete solution is a problem
that society as a whole needs to solve.

Not only the deployment of more employees can help to solve the issue of the rising demand
for care. Improving the efficiency of care to lower the workload of care professionals can con-
tribute to a solution to this issue too. Advanced ICT systems can be implemented in the healthcare
sector in order to support care professionals in administrative tasks. Research into technolog-
ical solutions in the field of healthcare has already been done. For example, integrating speech
recognition technology to enable dictating for generating a report after a medical consultation was
studied by Ajami Ajami (2016). However, this only dissolves the process of typing out the conclu-
sions of the consultation. In order for the care provider to save more time, an Automated Medical
Reporting (AMR) system is proposed as a solution by the Care2Report team of Utrecht Univer-
sity. The researchers present this solution "to be a novel integration of state-of-the-art speech
and action recognition technology with knowledge-based summarization of the care provider-
to-patient interaction" (Maas et al., 2020). The aim of this solution is to automatically generate a
medical report during a consultation. Afterward, the care provider can check and complete the
report and upload it into the Electronic Health Record of the patient. Results of this solution were
already found in the setting of a general practitioner’s office. An elaboration on the findings of this
study can be found in Section 3.3.2.

To expand the success of Automated Medical Reporting, a study into the implementation
of Care2Report in the field of preoperative screening (POS) is initiated by the Utrecht Univer-
sity (UU) in conjunction with the anesthesiology department of the University Medical Center
Utrecht (UMCU). Together with a team of researchers the implementation of an AMR system,
Care2Report, is realized and the effectiveness of the system is studied. This case study focuses
on the extensive preoperative screenings anesthesiologists often have to perform. In a preopera-
tive screening, a preoperative patient is checked for any potential risks during surgery, because “a
working understanding of the risks conveyed by surgery and anesthesia has great value” (Litaker,
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1999). The medical evaluation is conducted by a member of the anesthesiology department ac-
cording to a long checklist. Also, this member prepares the patient for the surgery from a medical
and anesthetic perspective. The findings and decisions are captured in a report, which is impor-
tant for the surgical and anesthetic team (Litaker, 1999). The last objective lies within the focus
of this research. Anesthesiologists who perform a preoperative screening can benefit from the
implementation of an Automated Medical Reporting system. An AMR system can be responsi-
ble for filling in the screening questions automatically and can generate a short conclusion of the
consultation.

As research into the implementation of Care2Report for preoperative screening consultations
is done with a team of researchers, several research areas are touched upon. In order to success-
fully implement the system as a whole, this thesis focuses on the User Interface (UI). As this is a
new field of research, the usability criteria of AMR systems need to be investigated in order to
provide guidance for optimal integration of such a system in the future.

1.1. Motivation

The rising demand for care in combination with the opportunities implementing information
technologies have, is what drives this research the most. Administrative work should be mini-
mized in order for the care professionals to be able to focus on the patient. The way healthcare
is arranged can be improved by implementing administrative support systems, as long as it has a
clear implementation process and an intuitive UI design. This research into the interface design
of an Automated Medical Reporting system in healthcare will contribute to easing the adoption
process of such innovative systems in the future.

The case study in which this research is set provides an excellent opportunity to investigate
the interface of an AMR system since the system is developed from scratch. Through the UI, the
anesthesiologists interact with the AMR system. Thus, this is an important aspect of the system.
The goal of this research is to provide a generalized vision on the design of a UI of an AMR system.
This generalized vision is derived from the findings in the field of preoperative screening and the
vision on experts in the field of AI and health. Using this vision, the process of expansion to other
fields and the process of adaptation to new software is eased. In the long term, this contributes
to the efficiency of providing healthcare.

1.2. Problem Statement

Information technologies (IT) are more and more adopted in the healthcare sector (McCullough
et al., 2010). By using technology, fewer medical errors are made and patient information is easily
accessible. According to a study done by Hillestad et al. (2005), clinical IT also yield savings of 142
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billion dollars annually. Although the implementation of information technologies in healthcare
seems beneficial from a financial and patient safety aspect, it has downfalls too. The societal value
of health IT may decrease due to design problems, incomplete data records and implementation
issues (McCullough et al., 2010). A qualitative study done by researchers from different locations
across the world showed an increase in medical errors due to the implementation of an informa-
tion system. These errors occurred in entering information and the process of communication
and coordination the system should support. Ash et al. (2004) also proposed some solutions for
this such as optimizing the interface, educating care professionals in using a system and including
them in the implementation process.

As the quality of and familiarity with information systems overall have improved over time, an-
other downfall in the healthcare sector arises. The systems used up till now have a lot of specific
reporting requirements which place a burden on clinicians (Heuer, 2022). Due to these require-
ments, the amount of administrative work for care providers increases. As Rao et al. (2017) state
in their study: "administrative duties required substantial physician time and affected physicians’
perceptions of being able to deliver high-quality care, career satisfaction, burnout, and likelihood
to continue clinical practice". Another study done on administrative work in healthcare showed
similar results. This study focused on registrations healthcare professionals need to do in order
to improve the quality of care. The results of this study indicated that professionals spend al-
most an hour per working day on quality registrations. They perceived it as a burden and experi-
enced these registrations as "diverting time from patient care and from actually improving quality"
(Zegers et al., 2022). More elaboration on the administrative burden in healthcare can be found
in Section 3.2.

A domain of healthcare in which a lot of administrative work needs to be done is the de-
partment of anesthesiology in hospitals. Before patients undergo a surgery, their current state of
health need to be assessed (Jannink & Hobert, 2016). This is done during a preoperative screen-
ing (POS) in which a checklist is completed and an end-conclusion for colleagues is composed.
In some cases, an additional physical examination is done too. This results in patient information
that need to be entered into the IT system manually. As no mistakes can be made, a care provider
often fills in this checklist during a consultation. However, this draws the attention away from the
patient which can have a negative influence on how a consultation is perceived (Scott & Purves,
1996). As Caldwell, a clinician, states in his paper on the importance of clinical consultation, clin-
ical consultations in hospital settings should be improved (Caldwell, 2019). During a consultation,
care professionals are performing two high-level mental tasks simultaneously, attentive listening
and clinical reasoning. However, the pressure of seeing more patients, following guidelines and
using inefficient software take up a part of their cognitive capacity. This capacity could otherwise
be used to better understand the patient and for clinical reasoning.

During a discussion at King’s Fund, an English health charity for improving care, Caldwell
proposed ten quality indicators that support improving clinical consultations (Launer, 2017). Ac-

11



Interface Design Principles for Automated Medical Reporting Emma Kwint

cording to their experiences as a clinician in England, he listed these ten indicators. Three im-
portant indicators for this study are: 1) the consultation should feel unhurried for the patient and
clinician, 2) the clinician should be able to give undivided attention to the patient and 3) there
should be a ready supply of information into the consultation. Within the elaboration on the latter,
Caldwell mentioned the difficulty of finding the right information. Different software applications
combined with paper notes made the preparation of a consultation challenging. These indicators
which are derived from experiences within the field of healthcare, can help with developing and
integrating a system that should improve clinical consultations.

1.3. Research Questions

To ensure the usability and accessibility of the Automated Medical Reporting system for consul-
tations, this research is initiated. A user-centered approach is chosen in order to establish a set of
validated design principles for an interface for Automated Medical Reporting systems in health-
care. The research project on an AMR system for the preoperative screening procedure of the
University Medical Center Utrecht was used as the research environment to answer the following
main research question: What are the key user-centered design principles that should be applied
when designing an interface for an automated reporting system used in healthcare consultations?

In order to answer the main research question, the social and knowledge context of the de-
sign is investigated. Elaboration on this can be found in Section 2.1. An overview of the research
questions and their categories can be found in Figure 1.1. The knowledge context is investigated
according to three research questions. In the scientific knowledge context, the research question
What are the important technological developments and user interface guidelines in healthcare?
is answered. The practical context of the research is investigated according to the research ques-
tions: What is the workflow of a preoperative screening in the UMC Utrecht? and How is the
Electronic Health Record system used during the preoperative screenings and what are its poten-
tial issues?

The research question belonging to the social context of research is: What are the stakeholders’
expectations of the interface of an Automated Medical Reporting system? According to the knowl-
edge gained from answering the three research questions above, the research question: How are
the stakeholders’ expectations translated into an interface design? can be answered. Afterward, a
prototype of an interface is developed and tested. To validate the design, another research ques-
tion is added, Which aspects of the User Interface of the Automated Medical Reporting system for
preoperative screening contribute to a positive User Experience? This research question gener-
ates results within the research context of the case study. How the research questions concretely
guide this research towards an answer to the main question, can be found in Section 2.2.
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Main Research Question

What are the key user-centered design principles that should be applied
when designing an interface for an automated reporting system used in healthcare consultations?

Research question 1
What are the important technological

developments and user interface
guidelines in healthcare?

Treatment
Valdiation

Research question 6

Which aspects of the User Interface of the
Automated Medical Reporting system for

preoperative screening contribute
to a positive User Experience?

Research question 2
What is the workflow of a

preoperative screening in the UMC
Utrecht?

Practical
Context

Treatment
Design

Research question 5

How are the stakeholders' expectations
translated into an interface design?

Research question 4
What are the stakeholders' expectations of

the interface of an Automated Medical
Reporting system?

Knowledge
Context

Scientific
Context

Social
Context

Research question 3

How is the Electronic Health Record 
system used during the preoperative 
screenings and what are its potential

issues? 

Figure 1.1: An Overview of the Research Questions and Their Relations
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Chapter 2

RESEARCH METHOD
In this chapter, the research method used to give an answer to the main question stated in Sec-
tion 1.3. is elaborated on. To provide a set of design principles for a User Interface design of an
Automated Medical Reporting system, a specific design science is utilized. This design science is
discussed in Section 2.1. Thereafter, the approach of the design science is specified for this case
study, the design and evaluation of a UI in the field of preoperative screening, in Section 2.2.

2.1. The Design Science

For establishing a vision on a User Interface of an Automated Medical Reporting system, the de-
sign science of Wieringa was used as a theoretical framework. The design cycle which is part of
the Engineering Cycle was used to specify the steps that needed to be taken within this research.
By following the theory on the Design Science Framework, the context of the design was estab-
lished (Wieringa, 2014). These theories were combined into a suitable framework for studying
the key aspects of an interface in the context of the preoperative screening procedure.

 

Figure 2.1: The Design Science Framework of Wieringa (Wieringa, 2014)
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According to the design science framework, before starting a design process, relevant knowl-
edge about the context of the design science needs to be collected. As the founders of this design
framework state: "the problem context of an artifact can be extended with the stakeholders of
the artifact and with the knowledge used to design the artifact" (Wieringa, 2014). In this design
framework which can be found in Figure 2.1 the relation of the design science and the social and
knowledge context is shown. Investigation and design processes both update the context of the
design science regularly as a researcher answers research questions. The social context concerns
the stakeholders, where the knowledge context contains amongst others: existing theories from
science and specifications of currently known designs. The research questions of this study are
categorized while carefully considering the design framework explained above. This way, every
aspect of the context of the design science is reported.

As the Design Framework of Wieringa is utilized for the theoretical background of the context
of the design science, the theoretical design guidance is retrieved from the Engineering Cycle of
Wieringa. The Design Engineering Cycle is shown in Figure 2.2 in which five steps can be dis-
tinguished. The Engineering Cycle is established for the transfer of a validated treatment into the
real world in which it is used and evaluated (Wieringa, 2014). Part of this Engineering Cycle can
be identified as the design cycle, which focuses on only three of the five phases. These phases are
the problem investigation, the treatment design and the treatment validation. The combination
of these three phases represents the research approach without implementing a working artifact.
Within the research into establishing a vision on the interface of a system for Automated Medical
Reporting, a working artifact is not the goal.

For this reason, this research will adopt the design cycle of Wieringa. The problem investiga-
tion phase as explained in Figure 2.2 is the starting point to explore the problem context. Sub-
sequently, the treatment design phase focuses on developing and refining the treatment design,
followed by validation to ensure its effectiveness.

 

 

Figure 2.2: The Design Engineering Cycle of Wieringa (Martakis, 2015; Wieringa, 2014)
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2.2. The Research Approach

The three phases all yield concrete steps for the case study of designing an interface of an AMR
system in the field of preoperative screening. These qualitative research methods were combined
into a research approach presented in Figure 2.3. In this Figure, each phase of the design cycle
is applied to the case study. Every phase consists of one or more research questions. Elaboration
on each phase and its corresponding research steps can be found in the following Sections.

- Vision on UI of AMR systems
- Envisioned C2RxPOS interface

1. Problem Investigation
RQ1:
- Literature research 
RQ2:
- Task Analysis
- Experience of users
RQ3:
- Electronic Health Record
system evaluation
RQ4:
- Stakeholder interviews

2. Treatment Design
RQ5:
- State design choices
- Develop wireframes 
- Discuss wireframes
- Develop high-fidelity
prototype

3. Treatment Validation
RQ6:
- Think Aloud tests with end
users and IT specialists
- Focus group to discuss
alternative design choices

MRQ:
- Transform findings into
  generalized design principles

Figure 2.3: The Research Flow

2.3. Interpretation: Problem Investigation

In the first phase of the design cycle of Wieringa, the problem investigation, the research goal is
to "investigate an improvement problem before an artifact is designed and when no requirements
for an artifact have been identified yet" (Wieringa, 2014). The first task within this research goal
is to identify, describe, explain and evaluate the problem. As Wieringa states, the problem inves-
tigation is focused on investigating the real world by visiting it, identifying stakeholder goals and
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identifying real-world phenomena. The right upper box of Figure 2.3 contains the specific steps
proposed to investigate the current situation and the context of the design science. The current
situation yields the literature on specific topics related to Automated Medical Reporting and the
operational processes of preoperative screeners. The methods used to anwer the questions stated
in the right upper box of Figure 2.3 are explained in the subsections below.

2.3.1. The Literature Research

The first research step was to identify the gap in the scientific literature in order to answer the
research question: What are the important technological developments and user interface guide-
lines in healthcare? The literature research was performed according to manual search starting
at Google Scholar with terms such as benefits "Electronic Health Records", documentation in
healthcare, administrative burden healthcare, medical assistants, Automated Medical Report-
ing, usability guidelines, "information system" healthcare usability, Nielsen heuristics, interface
research healthcare system, speech recognition healthcare usability and interface speech recogni-
tion. Apart from searching sufficient literature based on these search terms, backward snowballing
was used. Reference lists of useful articles were checked on additional interesting studies (Wohlin,
2014). The members of the research team and the supervisors recommended some studies too.
The details of the literature study can be found in Section 3.

2.3.2. The Task Analysis Procedure

The second research step within the problem investigation involves exploring the research envi-
ronment. The focus is on understanding the workflow of a preoperative screening. This investi-
gation aims to address the research question: What is the workflow of a preoperative screening in
the UMC Utrecht? To answer this question, a task analysis is done. A task analysis is "the process
of examining the way in which people perform their tasks" (Stone et al., 2005). The task analysis
of a preoperative screening is performed by a team of researchers who shadowed preoperative
screeners of the UMC Utrecht for one day. By observing the care professionals in their work and
asking some additional questions, a task-analysis diagram is developed (Rosala, 2020; Stanton,
2006). The model of the task sequence of a preoperative screening is created with the goal to
facilitate communication and understanding and to provide input for the design process (Wand &
Weber, 2002).

2.3.3. The Heuristic Evaluation Method of the Electronic Health Record
System

The part of the Electronic Health Record system utilized within the UMC Utrecht which is re-
sponsible for documenting preoperative screenings, underwent a heuristic evaluation based on
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Nielsen’s usability heuristics. These heuristics are elaborated on in Section 3.4.2. During a heuris-
tic evaluation, "the evaluator goes through the interface several times and inspects the various di-
alogue elements and compares them with a list of recognized usability principles" (Nielsen, 1995).
Normally when performing a heuristic evaluation, multiple evaluators assess the usability of the
system for 1 or 2 hours. However, since the operation of the EHR system of UMC Utrecht is not
the main focus, and the EHR system account used to perform this evaluation has limited rights,
this evaluation will be limited in scope.

Additionally, the structure of a preoperative screening dossier is identified. This knowledge of
the dossier and the EHR system currently utilized is essential for establishing requirements for a
new system within the same environment and developing a realistic prototype.

According to this investigation, the research question How is the Electronic Health Record
system used during the preoperative screenings and what are its potential issues? is answered.

2.3.4. The Stakeholder Interview Procedure

The research question, What are the stakeholders’ expectations of the interface of an AMR sys-
tem? reflects the part of the problem investigation phase focused on the stakeholder goals, the
social context. In order to minimize the gap between IT and the medical field, a semi-structured
interview setup that allows for unexpected follow-up questions was suited. A total of five semi-
structured interviews were conducted. Three of the interviewees were preoperative screeners,
one of them was the head of the anesthesiology department and the last interviewee was a re-
search expert on Automated Medical Reporting. The guide for the semi-structured interview ses-
sions that were used for the four care providers, can be found in Appendix A. As the interviewer,
as well as the interviewees, were Dutch, this guide is in Dutch too.

As the guide for the interviews in Appendix A shows, the interview session started with an
introduction to the research and retrieving consent. The participants provided their consent for
their answers to be utilized for research purposes and for the interview to be recorded. After the
introduction, several questions were asked. The interview questions are divided into three main
subjects; the current situation, experiences with speech recognition, and expectations regarding
the interface. The first five questions comment on the current situation and the Electronic Health
Record system used. Within this first part of the interview, an important quantifying estimation
is addressed by the question: How many minutes do you spend on filling in the screening ques-
tionnaire and writing the conclusion on average?

Secondly, the expectations of and experiences with speech recognition systems are addressed.
In order to investigate to what degree the interviewees are open to speech recognition software
questions on technical skills are addressed.
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The third and last section of this interview is about interface design, the focus of this research.
Again a short introduction is given to explain the goal and to state how important the partici-
pants’ input is. Within the interface section, a distinction can be made between data processing,
the integration with the EHR system, and the interviewees’ thoughts about the future. Thoughts
regarding the systems’ interactions with the user during the consultation are gathered by asking
questions on topics such as direct feedback and feedback about screening questions being missed
by the screener or the system. Secondly, how the output of the AMR system should be integrated
with the EHR system is addressed too.

Lastly, some questions were asked about the future of AMR systems, encouraging the inter-
viewee to think beyond the possibilities offered now. As the system makes use of a microphone,
and the automatically generated report always needs to be checked for errors, this can be done
by dictating instead of typing.

Not only insights from a medical perspective were gained. As this research is part of a Care2Report
project, the head of this research team was interviewed in order to obtain visions for interface
design for an Automated Medical Reporting system. During this interview, existing design prin-
ciples proposed by the Care2Report research team (Maas et al., 2020) were discussed.

The data obtained from the first four interviews were combined into a table. Subsequently,
the table was subjected to thematic content analysis, a method employed for analyzing qualita-
tive data. During this analysis, common themes in the texts are identified such that conclusions
can be drawn (Anderson, 2007). The insights provided by the Automated Medical Reporting spe-
cialist regarding the existing design principles were documented and integrated with the themes
that arose during the analysis of the interviews with the employees of the preoperative screening
department.

2.4. Interpretation: Treatment Design

In the second phase in Figure 2.2 the treatment design and its properties are stated. In this phase,
the requirements for the treatment identified in the previous phase, are listed.

Within the scope of this research, this phase consists of the steps in the right lower box shown
in Figure 2.3. The requirements of the treatment were retrieved by analyzing the interviews con-
ducted to gain insight into the expectations of future users. Besides, the design principles of
Care2Report systems and interface design in healthcare were included in the list of requirements.
These requirements were translated into design choices on which the interface prototypes were
based.
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2.4.1. Wireframe Sketching

The first step in designing the treatment was developing wireframes of a possible User Interface for
a preoperative screening Automated Medical Reporting system. These wireframes are sketches
on paper and provide "the basic blueprints that illustrate the core form and function of the screens
of the application" (Hamm, 2014). Simultaneously, a set of digital wireframes were developed.
Afterward, this blueprint was discussed with a set of ICT professionals, because wireframes are
useful especially in the early stages of designing the user interface (UI) according to Molina et al.
(Ramón et al., 2013). Having discussed these low-fidelity wireframes with ICT specialists, some
adjustments were made.

2.4.2. High-Fidelity Prototyping

After having established the basic framework of the interface, an interactive high-fidelity proto-
type of the User Interface was created using Figma, an online interface design platform. Proto-
types are used to gather detailed customer feedback on issues like for example aesthetics and the
implementation (Christie et al., 2012).

2.4.3. The Creation of an Updated Task-Analysis Diagram

During the treatment design phase not only prototypes were developed. The task-analysis di-
agram of a preoperative screening was updated to a version including an Automated Medical
Reporting system too. This diagram is validated according to a discussion with the research team
as well as during the think-aloud sessions.

2.5. Interpretation: Treatment Validation

After having designed several wireframes for the interface of an Automated Medical Reporting
system in the field of preoperative screening, the design choices of the interactive high-fidelity
prototype were validated through different kinds of evaluation. First, the prototype was subjected
to think-aloud sessions in a controlled setting. This part of the validation process is elaborated on
in Section 2.5.1. Afterward, the design choices and additional design ideas were discussed in a
focus group with members of the Care2Report research team. During the validation phase, ques-
tions about the treatment effect, trade-off, sensitivity, and satisfaction were asked to justify that
the treatment would contribute to the stakeholder goals (Wieringa, 2014). These questions are
derived from results during this study, thus elaboration on these subjects are elaborated on later
in Section 7.1. and 7.2. According to the analysis of the results, an answer to the research ques-
tion: Which aspects of the User Interface of the AMR system for preoperative screening contribute
to a positive User Experience?, can be provided.
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2.5.1. The Think-Aloud Test Procedure

To identify usability problems and discover alternative design options, guided think-aloud ses-
sions were conducted. The basic principle of a think-aloud is "that potential users are asked to
complete a set of tasks with the artifact tested and to constantly verbalize their thoughts while
working on the tasks" (Van Den Haak et al., 2003).

Participants For the think-aloud sessions, a sample size of nine participants was established
according to the literature on user tests. Usually, five participants are included in user tests ac-
cording to Nielsen (Nielsen & Molich, 1990). However, with including a larger number of users,
individual differences can be reported on, reliability increases, and more usability problems come
to light (Alroobaea & Mayhew, 2014). Based on an analysis of 102 usability experiments, Hwang
and Salvendy concluded that "an optimal sample size of ‘10±2’ can be applied to a general or basic
evaluation situation. For example, just basic training provided to evaluators and a limited evalua-
tion time allowed" (Hwang & Salvendy, 2010). Within the sample for this research, the participants
five medical professionals and IT specialists were selected. The participants were gathered using
purposive sampling. This method is used to select respondents that are most likely to yield ap-
propriate and useful information, to increase the depth of understanding (Campbell et al., 2020;
Kelly et al., 2010; Miles & Huberman, 1994; Palinkas et al., 2015).

Observer During the think-aloud sessions, the observer will provide the participants with in-
structions and gives help when it is needed (Lewis, 1982).

Set-up To conduct the think-aloud sessions, it is essential to have a laptop or desktop computer
equipped with the high-fidelity Figma prototype. To enhance the controlled environment, par-
ticipants may choose to utilize a mouse instead of a touchpad. Furthermore, the sessions require
a recording set to capture the audio, along with the think-aloud guide explained in Section 7.1.1.

Process The think-aloud sessions consisted of performing a set of tasks to guide the participant
through the system. During the execution of these tasks, the participants were asked to express
their thoughts. After having completed the tasks, a set of questions corresponding to the design
choices were asked. The tasks and evaluation questions were based on findings during this study.
Therefore the think-aloud guide including the tasks and questions is discussed in Section 7.1.
Lastly, the task analysis which incorporates working with an AMR system is presented to the par-
ticipants to elicit some feedback.

Analysis A content analysis was performed in which the textual data of the think-aloud sessions
were systematically categorized to draw conclusions (Miles & Huberman, 1994). Especially the
comments on the design choices were reported.
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2.5.2. The Focus Group Procedure

A focus group is conducted to discuss the findings of the think-aloud sessions. For this focus
group, four students in the field of Automated Medical Reporting were included. A focus group
can be defined as "a technique involving the use of in-depth group interviews in which participants
are selected because they are purposive, although not necessarily representative, sampling of a
specific population, this group being ‘focused’ on a given topic" (Thomas et al., 1995). A moderator
leads the group discussion according to a guide, which functions as a road map. According to
Vaughn et al., this guide should include an introduction; a warm-up; clarification of terms; easy
and non-threatening questions; more difficult questions; a wrap-up; a member check (providing
members with an opportunity to verify their feelings/ideas); and closing statements (Vaughn et
al., 1996). Elaboration on the interpretation of the focus group for this research can be found in
Section 7.2.1. since the interpretation is based on the findings of the think-aloud sessions.

2.5.3. The Evaluation Interview Procedure

Since the software developer of the Automated Medical Reporting system for preoperative screen-
ings was unable to attend the focus group, an additional interview was conducted. This interview
was focused on the interface and followed the same framework as the one used for the think-
aloud sessions.

2.6. The Deliverables

During this research, deliverables are constantly translated, which eventually results in design
principles for an interface for an Automated Medcial reporting system. How this translation pro-
cess will proceed is illustrated in Figure 7.1. The upper row of boxes are research actions, the
lower row are the deliverables.

Interviews Prototype
development

Think Aloud
sessions

Evaluation
questions

Interview
questions

Task Analysis
& Heuristic
Evaluation

Alternative
design choices

Design
principles

Design
choices 

User
preferences

Focus group &
Interview

Figure 2.4: The Deliverables of This Study
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2.7. The Validity Threats

2.7.1. Construct Validity

Construct validity refers to the extent to which the measures used in the research accurately
capture the underlying constructs or concepts of interest (Bhandari, 2022). Within this study, the
design choices are based on the input of potential end users, a task analysis and an analysis of the
Electronic Health Record system. Testing the usability and satisfaction of these design choices
might be threatening the construct validity since these themes are hard to objectify. To counter
this threat, a combination of different evaluation methods is used.

2.7.2. Internal Validity

The internal validity of research concerns to which extent you can be confident about a cause-
and-effect relationship (Runeson & Höst, 2009). In the context of this research, threats to this
kind of validity are present within the development and testing of the prototype. Specifically, the
translation of the outcomes of the problem investigation phase into certain aspects of the proto-
type may not directly reflect the intended cause-and-effect relationship.

For instance, one aspect of the prototype aimed to address the feeling of privacy by incorpo-
rating a deletion process. However, it is possible that the feeling of privacy may not be directly
linked to the specific deletion process implemented in the prototype.

The internal validity is strengthened by gathering feedback from nine participants individually.
However, the potential limitations need to be acknowledged.

2.7.3. External Validity

The external validity of research is the extent to which the findings can be generalized and applied
to other situations (Runeson & Höst, 2009). Threats to this kind of validity are important since
this research is a case study. The design choices are implemented and tested for an Automated
Medical Reporting system for a preoperative screening procedure. The findings and conclusions
drawn from this research may not be directly applicable to other healthcare settings or medical
procedures.

Furthermore, the testing of design choices in a controlled lab setting without involving ac-
tual patients may limit the realism and generalizability of the findings. Including patients in the
testing phase would provide a more authentic representation of the user experience and poten-
tial challenges encountered in real-world scenarios. However, this is not possible because of the
complexity of preoperative screenings.
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To enhance external validity, efforts were made to ask evaluation questions that are as gener-
alized as possible. This involves formulating questions and assessing design choices in a way that
allows for broader applicability beyond the specific preoperative screening setting.

2.7.4. Reliability

This aspect of validity is focused on the extent to which results can be reproduced (Runeson &
Höst, 2009). Several threats to the reliability of this research exist, including the reliance on the
current outline of the screening report within the prototype. Given that the outline is subjected
to potential changes in the future, the reliability of the research findings may be affected since the
prototype becomes outdated.

Furthermore, the unique circumstances surrounding the Care2Report project and its collab-
oration with the Anesthesiology department may not be easily replicated. It is unlikely that the
exact same project will be conducted in the future, introducing variability and potential challenges
in reproducing the research methods and outcomes.

To counter these threats, the method of this research is carefully documented and the guides
used for qualitative data retrieval are included in the appendices.
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Chapter 3

PROBLEM INVESTIGATION:
TECHNOLOGICAL DEVELOPMENTS IN HEALTH-
CARE
In this Chapter, the scientific knowledge context of the research is reported. In the first Section,
the technological changes in healthcare from the 90s until now are explained. These technologi-
cal changes have a tendency to cause an administrative burden. How this is caused and what this
burden is, is elaborated on in Section 3.2. Already proposed solutions to the administrative bur-
den are discussed in Section 3.3.

Two other topics that are discussed in this Chapter are the existence of User Interface research
and speech recognition systems in healthcare. Previously conducted UI research is reported on
in Section 3.4. and 3.5. An overview of Speech Recognition systems in healthcare is provided in
Section 3.6.

3.1. The Technological Changes in Healthcare

3.1.1. The Electronic Health Record

The documentation processes in healthcare are important for providing the care a patient re-
quires. The documentation processes in healthcare consist of two parts: information capturing
and report generation. Information capturing is the process of documenting the thoughts, per-
ceptions, and actions of the patient and care provider. The input can vary in terms of source, for
example, written or spoken text, and images. Report generation refers to structuring and analyz-
ing the information such that it can be added to the patient’s health record (Waegemann et al.,
2002). To support the documentation processes in healthcare and improve its quality, an inter-
organizational, patient-centered health record was introduced in the 1990s (Hoerbst & Ammen-
werth, 2010), which is called an Electronic Health Record.

In an Electronic Health Record (EHR) of a patient, different reports of consultations of dif-
ferent care providers are stored in one place (Hoerbst & Ammenwerth, 2010). Besides, patient
demographics, progress notes and vital signs are included. The record of a patient is stored in an
EHR system such that the record can be adapted, managed, and consulted by authorized clini-
cians and staff of healthcare organizations. The storage of patient data is not the only thing an
EHR system is used for. Electronic Health Record systems are designed to go beyond data col-
lection to improve patient care (“What is an Electronic Health Record”, 2019). These systems
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provide several decision support features, prescribing tools and computerized physician order
entry (CPOE), a system for directly entering medication orders (Baumann et al., 2018). A CPOE
supports completing the health records and improving drug choice by doing drug allergy checking
and basic dosing guidance (Pham et al., 2012).

3.1.2. The Effects of Using Information Technologies in Healthcare

The use of EHR systems has benefits such as the improvement of communication. Due to having
patient records in online shared spaces, all patient-related information is accessible from almost
anywhere on earth for authorized practitioners (Waegemann, 2003). Information is easily shared
with other care providers and laboratory abnormalities can directly be communicated. Research
in 1999 already showed that an automatic alerting system reduces the time until an appropriate
treatment was ordered for patients who had critical laboratory results (Kuperman et al., 1999).
Besides, during the same study, Kuperman stated that "information technologies that facilitate the
transmission of important patient data can potentially improve the quality of care".

Lastly, by integrating Computerized Physician Order Entry systems in combination with clin-
ical decision support systems, medication errors can be reduced (Pham et al., 2012). Devine
et al. researched the difference in medical errors made between handwritten prescriptions and
electronically written prescriptions. These electronically written prescriptions were given using
a CPOE system. They found a significant reduction in medication errors after implementing a
CPOE system (Devine et al., 2010). This is not the only study done on the impact of a CPOE
system on medical errors. In a systematic review, in 8 of the 10 included studies on the effect of
CPOE, evidence was found that a CPOE system was associated with a significant reduction in the
medication error rate (Prgomet et al., 2017).

Overall, implementing an Electronic Health Record system and other information technolo-
gies show a reduction in medical errors which contributes to patient safety (Menachemi & Col-
lum, 2011). Moreover, the benefits of implementing EHR systems do not only focus on patients
and their care providers. Benefits focusing on societal outcomes include possibilities of research
because of the amount of patient data that can be used to improve the population health (Men-
achemi & Collum, 2011). Data generated and stored can also be used to support research in the
clinical area and in the area of system-specific quality. In the clinical area, data of several patients
who suffer from the same illness can be used to improve self-service query tools (Horvath et al.,
2014). For system-specific quality, data can be used for research into tasks and patterns within an
EHR system and the effect of inclusion of task management tools for example (Glover et al., 2022).

Since the introduction of Electronic Health Records in the 90s, healthcare has improved due
to the benefits stated above. However, Electronic Health Records and their systems have some
disadvantages too. Menachemi and Collum (2011) have identified these potential disadvantages in
their research into the benefits and costs of EHR systems. Costs they identified were for example
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differences in workflow, financial shifts, and temporary loss of productivity due to the difficulty
of getting familiar with a new system. Besides, these systems require a lot of specific information,
which results in more administrative work for care providers.

3.2. The Administrative Burden in Healthcare

The scope and the number of administrative tasks of care providers are growing, which nega-
tively affects the healthcare system as a whole (Erickson et al., 2017). This results in an admin-
istrative burden, which can be defined as ’the costs of administrative activities that organizations
have to perform in order to comply with the information obligations’ (Executive, 2006). Within
these administrative tasks, two types can be distinguished: patient-related administration and
non-patient-related administration (De Veer et al., 2017). Patient-related administration tasks
are tasks such as creating a record or care plan. Non-patient-related administrative tasks are for
example billing or keeping track of hours worked.

These administrative activities come with financial costs as can be deduced from the defini-
tion stated above. However, not only this financial perspective on the administrative burden in
healthcare covers the costs made. The individual perception of a burden due to the administrative
obligations healthcare professionals encounter is another perspective that needs to be taken into
account (Burden et al., 2012). This perceived administrative burden focuses on the time spent by
the care provider and the frustration that arises from the lack of usefulness of the administrative
activities according to the research into the Dutch mental healthcare of Maris et al. (2021). Their
research mostly focused on the increase of administrative burden as a result of a change in law.

Another research into the administrative burden in Dutch healthcare was done by De Veer
et al. (2017). On behalf of Nivel, a public knowledge organization specializing in research into
healthcare, and the Dutch government, De Veer et al. researched the number of administrative
tasks performed by Dutch care providers. The answers to a survey showed that care providers
in the Netherlands spend on average 10 hours per week on administrative tasks. In 7 of those
10 hours, the focus is on patient-related administration, and the other 3 hours were spent on
non-patient-related administration. 64% of the 1500 care providers who filled in the survey state
that they experience the pressure of the number of administrative tasks (De Veer et al., 2017).
However, the results also indicated that care providers accept the negatives of administrative
work, because it is important in health care to document noteworthy events.
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3.3. The Proposed Solutions To the Administrative Burden
in Healthcare

As research has been done into the administrative burden in healthcare, conclusions can be
drawn. On average, a care provider spends 10 hours per week on administrative tasks in health-
care as stated above. Besides, the usefulness of these administrative tasks is often questioned
too. However, the administrative tasks involved with patient-related documentation processes
remain important. That is why eliminating administrative tasks to lower this burden cannot be
done in most cases. As reducing the number of administrative tasks is often not an option, re-
search into other solutions is done. Solutions proposed are for example hiring medical assistants
and implementing a medical reporting system. These solutions are elaborated on in the following
subsections.

3.3.1. A Secretary Transcriber

The number of administrative tasks in healthcare resulted in 2019 in France in the introduction
of medical assistants (Guyonvarch et al., 2022). These medical assistants were trained to perform
administrative and clinical tasks delegated by the physician. Assistants with medical backgrounds
were able to take up more clinical tasks than the ones without a medical background. By low-
ering the workload of the physician, the introduction of medical assistants should contribute to
the quality and productivity of the work of general practitioners (GP). Guyonvarch et al. studied
these effects by doing a qualitative analysis of the inclusion of medical assistants. In their paper,
they stated that "in general, a gain of efficiency in daily workload enabled general practitioners to
slightly increase their productivity. However, for most GPs, it primarily helped them to maintain
a high workload without burning out". In other words, the success of the inclusion of medical
assistants can relieve the workload and stress of physicians. Because this study states that there
is only a slight difference in productivity, the costs of including an assistant might weigh out this
benefit.

3.3.2. Automated Medical Reporting Systems

Another possibility of decreasing administrative activities in healthcare is by implementing an
Automated Medical Reporting system. Research into the advantages of these kinds of systems
is done by several research teams. In 2023, a systematic review on automatic documentation of
professional health interactions was conducted byFalcetta et al. (2023). Within their scope of the
search, they included research on systems that could detect speech and transcribe it in a natu-
ral and structured fashion during doctor-patient consultations. None of the eight included stud-
ies had shown sufficient real-life experience or large-scale validated results. This can be partly
declared by the challenges automated documentation yields. These challenges are identified by
Quiroz et al. (2019). They proposed a basic digital scribe that needs to be able to: (1) record the
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clinician–patient conversation, (2) convert the audio to text, and (3) extract salient information
from the text and summarize the information. All Automated Medical Reporting initiatives that
are out now, are based on this principle. This digital scribe is presented in Figure 3.1. The six
challenges of automated documentation are: (1) recording high-quality audio, (2) converting au-
dio to transcripts using speech recognition, (3) inducing topic structure from conversation data,
(4) extracting medical concepts, (5) generating clinically meaningful summaries of conversations,
and (6) obtaining clinical data for AI and ML algorithms.

 

 

Figure 3.1: The Digital Scribe (Quiroz et al., 2019)

One of the eight studies that aim to support clinicians in medical documentation is the study of
AutoScribe (Crampton, 2020; Khattak et al., 2019). A microphone attached to a physician’s desk-
top computer records the consultation, Automatic Speech Recognition is used to automatically
extract and parse medical and contextual information, and then Electronic Medical Record notes
are generated by an optimized machine learning model. This process is similar to the basic digital
scribe in Figure 3.1. The researchers believe with enough data, this can be a helpful assistant to
clinicians.

In 2020 a research team at the University Utrecht proposed a vision on the automation of med-
ical reporting for general practitioners (Maas et al., 2020). An integrated hardware and software
platform is responsible for a process of three steps similar to the steps of a digital scribe. The first
step is recording the medical consultation. This is done by using a microphone, camera, and sen-
sor technology. Secondly, the transcriptions of the consultations need to be interpreted. Based on
advanced semantic representation through knowledge graphs combined with medical guidelines
and patient data, the consultations are interpreted. The last step is generating a medical report.
These reports are automatically generated based on medical domain practices. Before uploading
the report into the electronic medical record of the patient, it is checked for errors by the care
provider.

The interpretation of the recorded consultation data is done according to the categorization
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Figure 3.2: The Course of a General Practitioner Consultation (Maas et al., 2020)

of utterances. Utterances can vary from a single word to a sentence. All utterances were catego-
rized twice, once based on the medical guideline suited for that specific consultation and once
on the categories that will be reported. An example of the categorization of a medical consulta-
tion between a general practitioner and a patient is shown in Figure 3.2. The percentage of the
consultation data that was relevant to generate a report was calculated by the researchers. Only
around 15% to 40% of the dialogue contained relevant information. Advice and discussion about
feelings often occur without directly influencing the report generation. In a further stage of this
research, the Care2Report system needs to be able to filter out these utterances such that only
relevant information remains. According to the reporting categories, a medical report of the con-
sultation is automatically generated. These categories are Subjective, Objective, Evaluation, and
Plan (SOEP), a convention that is often used by general practitioners to record medical input. An
automatically generated report would look like the report in Figure 3.3 which is based on the
SOEP convention. During the consultation, the general practitioner can fully focus on the patient
in front of him, as the system keeps track of the findings. After the consultation, the report shown
in Figure 3.3 can be checked and adjusted if necessary.

The results are as the researchers state, promising. They generated reports for eight transcripts
of which two were summarized correctly. The other six reports showed mixed results. Matching
the words of the transcript with the concepts of ontology, the starting point of the knowledge
graph of the medical consultation, was shown to be difficult. Besides, limitations in natural lan-
guage interpretation occurred too. Negative statements were frequently not picked up on as neg-
ative. This resulted in important facts missing from the report.

An initial vision exists for Care2Report in the medical field of General Practitioners. Current
research into the implementation of Care2Report is done within the Department of Anesthesiol-
ogy. The overarching study this research is part of.
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Figure 3.3: An Automated Medical Report (Maas et al., 2020)

3.4. The Interfaces of Information Systems in Healthcare

3.4.1. The User Interface

"The User Interface (UI) is that portion of an interactive computer system that communicates with
the user", as stated by Jacob (2003). The UI is the visible part of the system and therefore a vital
part of a computer system. Poor UI design has several consequences, such as increasing error
rates, higher training costs, and reduced throughput of data (Stone et al., 2005). That is why ad-
equate User Interface design contributes to the success of a system as a whole.

A high-quality interface is one that a user can use without being aware of using a computer
(Stone et al., 2005). However, the quality of an interface is a subjective measurement. In order
to objectify the quality of the interface, the usability of the interface can be identified. Accord-
ing to the International Organization for Standardization 9241, usability is defined as the "extent
to which a system, product or service can be used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a specified context of use" (ISO, 2018). Effective-
ness indicates the accuracy and completeness of the interface for the specified users. Efficiency
is defined as the resources expended, such as time, in relation to the effectiveness of the goals
achieved. Satisfaction is the comfort and acceptability of the system to its users and other people
affected by its use (Stone et al., 2005). During the design process of a User Interface, the specified
users as well as the specified context is required to be taken into consideration according to Stone
et al.

31



Interface Design Principles for Automated Medical Reporting Emma Kwint

3.4.2. The Usability of Interfaces in Healthcare

In the field of Healthcare, the usability of new information systems is frequently overlooked (Shaw
et al., 2015). Due to the ignorance of the usability concerns, user acceptance decreases. Poor UI’s
have been identified as the major obstacle to the acceptance and use of healthcare information
systems. To overcome this issue, in 2011 the Agency for Healthcare Research and Quality of
America presented a report in which it was stated that usability testing should be a core aspect in
the development of Electronic Health Record systems (C. Johnson et al., 2011).

Usability issues of EHR systems did not only arise in America. In Finland in 2017, research on
usability concerns of clinical professionals was conducted by Kaipio et al. (2017). In their study,
they present the results of two surveys on the experiences with the EHR systems used. Results
of these surveys suggest "the existence of serious problems and deficiencies which considerably
hinder the efficiency of EHR use". Besides, changes over a period of four years have been studied
and no significant improvements were shown. The bottom line of this research is that studying
the experienced usability of EHR systems is essential in order for care workers to benefit from
the implementation of such a system.

Recently in the Netherlands, where this research is situated, exploratory research was done by
the Dutch National Institute for Health and Environment in conjunction with the University Med-
ical Center of Amsterdam (Weda et al., 2020). This research focused on medication incidents as a
result of user-unfriendly IT systems used by clinicians. This study resulted in a top 10 of the most
frequently occurring usability issues. Insufficient synchronization of different systems within one
system was mentioned the most. The usability issues of health IT systems that arose, were often
solved by adjusting the workflow. Instead of approaching the software suppliers, paper notes have
been hung up to guide the care provider through the system correctly. A key aspect derived from
this research is that health IT system suppliers need to focus more on usability features, in the
development process as well as the evaluation process.

Not just the usability of EHR systems needs to be studied more, the rise of Artificial Intel-
ligence based algorithms in healthcare require interface research too. Increasing the trust and
reliability of the users can be achieved by using explanation interfaces. Manresa-Yee et al. (2021)
presented an overview of contexts in healthcare where explanation interfaces are used. An im-
portant research area for this case study, since the Care2Report system is an AI-based system
and aims to produce real-time system feedback. Manresa-Yee et al. emphasized the challenges
the HCI communities face in developing more explainable models. At this moment, no specific
HCI design standards for AI solutions exist (Xu, 2019). Thus for this research, the design inter-
face guidelines and principles available remain an important resource for the development of the
interface prototype.

Including the end-users, the care professionals in this case, is shown to be an important aspect
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in User Interface design (Kaipio et al., 2017; Stone et al., 2005). Furthermore, for ensuring the
accessibility and usability of data generated by EHR systems, following UI design heuristics is es-
sential according to Shaw et al. (2015). The well-known, revised set of usability heuristics Nielsen
presented in 1994, was based on an analyzed, broader set of heuristics. The ten important heuris-
tics UI designers often work with are: visibility of system status, match between system and the
real world, user control and freedom, consistency, and standards, error prevention, recognition
rather than recall, flexibility and efficiency of use, aesthetic and minimalist design, and helping
users recognize, diagnose, recover from errors and help and documentation (Nielsen, 1994a).

In 2023 a study on developing and extending usability heuristics evaluation for User Interface
Design was published by Benaida (2023). Although Nielsen’s heuristics are used the most, they are
criticized based on the fact that it is a static analysis. Besides, according to a systematic review of
usability heuristics, the generality of Nielsen’s heuristics was indicated as the main disadvantage
(Jimenez et al., 2016). In the past decade several improved sets of heuristics have been proposed,
but all with weaknesses too. The lack of validation is one of the most important downsides. In
his study, Benaida aimed at providing improved validated heuristics to guide evaluators toward
heuristics that require more attention. This is done by combining Nielsen’s heuristics and the USE
(usefulness, satisfaction, and Ease) questionnaire, a questionnaire consisting of 19 usability ques-
tions (Lund, 2001). This combination resulted in 14 main heuristics, in which sub-heuristics are
assigned priority rankings by Analytic Hierarchy Process (AHP). This process was initially devel-
oped to help researchers identify priorities in their multi-criteria and consistency ratios that help
with the decision-making of experts in different fields (Saaty, 1987). With the use of five experts
in Human-Computer Interaction, Software Engineering, and Information Systems, the new set of
heuristics was validated. With this revised set, almost triple the amount of issues was identified
compared to Nielsen’s heuristics.

As research into Automated Medical Reporting systems is scarce, guidelines for or an exam-
ple of an interface do not exist yet. As mentioned in Section 3.3.2. the Care2Report research
team has provided a vision on an AMR system. A set of principles was included in this vision. As
this research is part of the expansion of research into Care2Report implementations, several of
those principles are considered in the interface design process. The three principles that affect
the interface are: 1) report generation in real-time, 2) complete and concise summaries of con-
sultations and 3) care provider must check and possibly edit reports (Maas et al., 2020). All eight
Care2Rpeport design principles are shown in Figure 3.4.

3.5. The Design Choices in Healthcare Information Systems

Research into actual interface designs for Automated Medical Reporting systems is scarce. In or-
der to obtain design recommendations for an interface of a system in healthcare, literature about
similar systems was consulted. A kind of healthcare IT system that already exists and comes close
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Figure 3.4: The Eight Initial Care2Report Design Principles (Maas et al., 2020)

to the objectives of report generation, is the Clinical Decision Support System (CDSS). At the sim-
plest level, these are tools to help clinicians and patients make better informed decisions during
the use of the Electronic Health Record system (Miller et al., 2018; Sim et al., 2001). Miller et al.
conducted a narrative review to identify recommended design features for interfaces of CDSSs.
In their review, 14 studies were included. Within these studies, the design features were mea-
sured according to improved significance, e. g. provider satisfaction and usability, and improved
outcomes of care. A total of 42 design recommendations were identified, which were categorized
in interface, information, and interaction recommendations. The 11 interface recommendations
are shown in Figure 3.5.

 

 

 

 

Figure 3.5: The Clinical Decision Support System Interface Recommendations (Miller et al., 2018)

34



Interface Design Principles for Automated Medical Reporting Emma Kwint

For the interface, clean and simple designs are recommended. Besides, using only text needs to
be avoided. Instead, tables, graphs, buttons, scroll bars, and iconic language can be used accord-
ing to the narrative review. "Reducing text density makes the CDSS easier to interpret during busy
clinician encounters and keeps the attention of the provider. Additionally, information-oriented,
systematic graphic design helps providers understand complex information" (Miller et al., 2018).

Regarding the information features, incorporating content guidance was recommended. "A
CDSS should provide a recommendation, not solely an assessment, and explain and justify the
recommendations and their source by providing reasons and research evidence" (Miller et al.,
2018). Besides, the cognitive workload of the users should be reduced by including information
consistency. Recommendations of the CDSS should come from the same place and should have
the same display.

The important aspects regarding interaction were amongst others; providing timely feedback
and flexible design. A CDSS should provide timely feedback on what action has been done. Sec-
ondly, "CDSSs must be flexible and adaptable, able to explore multiple assumptions and incorpo-
rate new information as circumstances change" (Miller et al., 2018).

During this qualitative review, a list of recommendations was compiled, however not validated.
Miller et al. state the limitations of their work to be the subjective basis since the review was based
on their opinion. In further research, these design choices need to be validated by user tests.

3.6. Speech Recognition Systems in Healthcare

During a medical consultation, important aspects are discussed and documented. To ease this
documentation process can be supported by Speech Recognition technology. Speech recogni-
tion (SR) systems compose of microphones, sound cards, and speech engine software (Al-Aynati
& Chorneyko, 2003). Accurate Speech Recognition is an important aspect of the digital scribe in
Figure 3.1. M. Johnson et al. (2014) conducted a systematic review of Speech Recognition tech-
nology in health care, in which substantial benefits of SR systems were found in terms of time
reduction and the increase of quality patient care. However, some aspects that negatively affect
the accuracy need to be considered, such as the length of the transcription task. Besides, it takes
time before care providers are familiar with using an SR system, and frustration due to accuracy
issues and poor interface design can result in disengagement. The accuracy of SP systems can be
increased by integrating medical templates and dictionaries which eventually results in increased
user acceptance.

Another systematic review on Speech Recognition for clinical documentation between 1990
and 2018 was conducted by Blackley et al. (2019). They selected a total of 122 articles in which
amongst others, the research topics: productivity, error analysis, comparisons and impact on
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workflow were studied. In these studies, productivity was often differently quantified and did
not include exact numbers. In 18 studies, productivity was measured by time spent on documen-
tation. 5 of these reported decreased documentation time due to the use of SR technology. 9
studies showed an increase of documentation time, and 4 reported no significant difference. In
order to capture the expectations of clinicians, 5 studies included methods such as surveys and
interviews. One of these studies was done in 2013. This study into the applicability of ASR for
healthcare professionals was conducted byKeskinen et al. (2013). Experiences and expectations
of real nurses were gathered during a small-scale Wizard-of-Oz evaluation. Instant dictating and
note-taking were perceived as natural, easy to learn and useful. However, according to another
study on the user experience of SR systems in healthcare, only half of the participants favored
the SR technology over data entry methods (Derman et al., 2010). This was concluded over a 6-
month implementation study. What could be concluded out of the 122 studies combined was that
SR-assisted documentation in healthcare settings is common, but research into this topic remains
largely heterogeneous.

In terms of the usability of Speech Recognition systems, several other studies were conducted
too. Dawson et al. (2014) studied speech-to-text (STT) technology for clinical handover manage-
ment of nurses according to a usability framework. This study indicated the necessity of portable
hardware with interface systems that are easy to learn, navigate and intuitive as possible. Accord-
ing to a quantitative study performed by Clarke et al, Speech Recognition Technology implemen-
tations in healthcare have critical issues. These issues such as inconsistency, unreliability, and
dissatisfaction with the functionality and usability arose from the results of 71 surveys. The re-
searchers concluded that "further attention to improve the functionality and usability of SRT for
better adoption within varying healthcare settings is necessary" (Clarke et al., 2015).

This was also shown in a recent study on the word error rate of transcriptions in Automated
Medical Reporting settings. Together with three researchers, I studied the effect of accent, voice
frequency, and noise on the word error rate of the transcripts (Kwint et al., 2023). This is of
great importance because accurate transcriptions are the basis of accurate medical reports in
the Automated Medical Reporting setting. What was concluded was that the existence of noise
showed a significant difference in word error rate. When studying the implementation of AMR
systems in healthcare settings, noise should be minimized according to this study.
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Chapter 4

PROBLEM INVESTIGATION:
ANALYSIS OF THE PRESENT WORKFLOW

4.1. The Task Analysis

In order to develop a task-analysis diagram of the current workflow of a preoperative screening,
a task analysis is done (Rosala, 2020; Stanton, 2006). A research team had the opportunity to
report on real-time observations by shadowing three preoperative screeners of the University
Medical Center Utrecht. Every researcher had 2-3 hours in which on average three patients were
screened. Two types of screenings exist, 1) a consultation by phone or 2) a physical consultation
in which the patient is physically present at the department. Whether a consultation is arranged
by phone or is physical, depends on the complexity level of the case and the mobility of the
patient. During the 2-3 hours of observation, the workflow processes were carefully reported on
and occasionally some questions were asked. Based on the findings of this field study, the national
preoperative screening procedure (Specialisten, 2020), and the preoperative screening protocol
of the UMC Utrecht (Utrecht, 2012), a task-analysis diagram was created. To validate the task-
analysis diagram, a discussion with the head of the anesthesiology department was initiated. This
resulted in the task-analysis diagram presented in Figure 4.1 and a list of additional key findings.

4.1.1. The Stages of a Preoperative Screening

The task-analysis diagram consists of three stages, 1) the preparation stage, 2) the consultation,
and 3) the summarization stage. These stages represent the different phases of a preoperative
screening procedure. Within each stage, various tasks are depicted within boxes, indicating that
these tasks can be performed in different sequences. While most tasks are common to every
consultation, there are two tasks that may not be conducted during every session, denoted by the
italicized font. Throughout the process, the screener has access to the HiX system, the Electronic
Health Record system of the UMC Utrecht in which the anesthesiology dossier is displayed too.
This dossier yields a questionnaire that consists of questions necessary for conducting a risk anal-
ysis based on the surgery proposal.

1. The preparation stage
Before the consultation involves the actual patient, the screener prepares the session by reading
up on the patient’s information in the patient’s health record. On average, 15 minutes is spent on
the preparation stage.

1. Read surgery proposal
The treating physician of the patient has applied a surgery for the patient. This proposal is
carefully read by the screener in order to understand the surgery plan.
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A preoperative screening
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Figure 4.1: The Task-analysis Diagram of a Preoperative Screening
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2. Read patient’s anamnesis
Then, the screener reads the medical history of the patient.

3. Check pre-filled screening for abnormalities
Prior to the preoperative screening, a patient needs to fill in a health checklist, the ’gezond-
heidsvragenlijst’ (GVL) in Dutch. Within these answers, a lot of information to assess the
risk already can be found. However, sometimes the patient forgets to fill this in and this
preparation task can not be performed.

4. Select topics to discuss
Based on the answers of the GVL, a screener already selects important topics to discuss.

5. Call / Invite patient in
If the screener has obtained enough information, the patient can be invited in or called.

2. Consultation stage
The second stage in the task-analysis diagram presented in Figure 4.1 is the consultation stage.
The stage in which direct contact between the preoperative screener and the patient is facilitated.
The focus is on carefully and attentively listening to the patient, regardless of the usefulness of
the spoken words.

1. Explain goal of screening
When the patient is invited in, the screener starts with explaining the goal of the preoperative
screening: Assessing the risk and providing the patient with information about the anesthesia
method that will be used during the surgery.

2. Discuss patient’s anamnesis
The risk is assessed by obtaining more information about the health history of the patient.
The prepared topics will be discussed.

3. Enter important answers into EHR system
Important findings that already arose during the consultation are directly entered in the pre-
operative screening report.

4. Perform physical examination
Sometimes, a physical examination is performed. This can only be done in the case of a
physical consultation.

5. Educate patient and give preoperative instructions
Lastly, the patient is educated and is provided with preoperative instructions such as the
sober policy.

6. Allow patient to ask remaining questions
Afterward, additional room for questions about the procedure the patient is about to un-
dergo, is always provided.
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3. Summarization stage
When the patient has left or the phone has been hung up, the preoperative screening continues
into the summarization stage.

1. Complete report and end-conclusion
The preoperative screening report is completed and the end-conclusion is generated based
on the consultation. From a medical perspective, the end-conclusion is the most valuable
part of the report as this yields the instructions for anesthetic colleagues present at the
surgery.

2. Approve surgery proposal
Then, the surgery needs to be approved within the system, such that the surgery planners can
decide on a date or can confirm the proposed surgery date. Within this model, the positive
outcome of a preoperative screening is modeled. In the real world, the screener is also able
to disapprove the surgery proposal.

3. Generate and send letter
A letter is generated, partly automatic, in which some additional instructions for the pa-
tient are stated. This letter is in most cases send by email to the designated patient. When
the patient requires a physical copy, it is directly printed out or sent to the patient’s home
address.

4. Report patient as left
The only action left is reporting the patient as departed in the HiX system, the EHR system.

4.1.2. Additional Findings of the Task Analysis

During shadowing the screeners, questions were asked to investigate the willingness to integrate
an Automated Medical Reporting system within the field of preoperative screening. A number of
answers together with our observations resulted in the list of key findings below. It is important
to consider that these findings, can vary for every individual screener.

1. Distribution of preparation data
The patient’s health history consists of dossiers generated by different care providers divided
between different departments of the hospital. For every department, a different part of the
Electronic Health Record system is used. Therefore information is spread over various parts
of the EHR system which makes it harder to find relevant information.

2. Entering values
The time spend on entering answers during a consultation in HiX,is limited. One might be
more technically skilled, has more memory storage, or simply has more experience in per-
forming a screening.

3. Conversation relevance
During the consultation, a lot of time is spent on reassuring the patient and letting the patient
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talk. This results in approximately 1/3 of the consultation being relevant for generating a
preoperative screening report. The topics do not cover the questions of the preoperative
screening checklist all the time.

4. Arbitrary order
There is no concrete order of going through the questionnaire during a consultation. The
order of going through the questions of the questionnaire also varies between the different
screeners. One can be used to the order of the dossier and others may start in the middle
of the checklist. Besides, it is important to consider the patient’s anamnesis. A subject to be
discussed which has the most impact for that specific patient, can be better discussed first.

5. Generate end-conclusion
The main objective of a preoperative screening is to be able to safely perform a surgery.
In order to do so, a risk analysis needs to be performed and an end-conclusion needs to
be generated. However, from a patient care perspective, comforting the patient and giving
preoperative instructions and advice, might be even more important.

6. Word count end-conclusion
The end-conclusion of a preoperative screening differs from approximately 1-300 words.
The conclusion which is created to inform colleagues consists of useful information that is
accessed during a surgery. In the case that the patient is healthy and no complications were
found during the screening, the screener only needs to write down ’healthy’. However, in
some cases, a conclusion requires information about several subjects. That way the con-
clusion can consist of up to 300 words. The average word count of 142 end-conclusions
collected for the training of the Care2Report software, is 87. However, some complex pa-
tients were excluded from this data-gathering project. The actual average may be higher.

4.2. The Analysis of the Electronic Health Record System in
Use

As this case study is situated within the preoperative screening department of the UMC Utrecht
as mentioned before, investigating the current Information Technology system used, is relevant.
The Electronic Health Record system utilized in this hospital is HiX (Healthcare Information eX-
change), the market leader in The Netherlands in the field of EHR systems. It is "a comprehensive,
state-of-the-art, Microsoft-based, fully integrated, and innovative solution that is extremely flexi-
ble and configurable" according to Chipsoft, the company behind HiX (“Solutions Chipsoft”, n.d.).
HiX is the system that supports the documentation processes of every department of the hospi-
tal. The structure of the preoperative screening part of HiX is valuable for the further course of
this study. That is why this structure is described in Section 4.2.1. This part of HiX is investigated
according to the Nielsen heuristics, to be able to integrate the heuristic principle ‘consistency and
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standards’ (Nielsen, 1994b) within the prototype design. The analysis of the system is done using
a research account that allows for secretariat properties. Therefore some functionalities were ex-
cluded in this evaluation and only a basic overview is provided. The basic overview is elaborated
on in Section 4.2.2.

4.2.1. The Preoperative Screening Dossier Setup

Every patient of UMC Utrecht has an Electronic Health Record including all data that is retrieved.
This data is divided into dossiers of specific departments, personal information and measure-
ments. Within a patient specific health record, pages that combine different recent consultation
results can be found too.

By navigating through the patient navigation menu to the medical dossier, the preoperative
screening checklist and patient’s health questionnaire can be opened if this already exists. The
preoperative screening checklist is the report the screener generates by filling in the questions
during a preoperative screening. This report has six sections that need to be completed accord-
ing to protocol. Most of these sections have a set of subsections and consist of multiple choice,
yes/no and open questions. These six sections are:

1. Referral information and patient survey
The first section consists of the referral data of the main practitioner of the patient and the
preoperative survey the patient has filled in. Part of the information filled in by the patient
is adopted in the next section, the anamnesis.

2. Anamnesis
The anamnesis section includes amongst others the medical history of the patient, the car-
diopulmonary information, and potential risks during a surgery.

3. Physical examination
Within the physical examination section, already-known information about the physical
state can be noted as well as newly obtained information.

4. Additional examinations
The additional examinations can be described and requested in the fourth section.

5. Relevant information for the department
Relevant information for the department in which the patient will be admitted is described
in the fifth section.

6. Conclusion
The last section is the conclusion, in which information for the anesthetist present at the
surgery is provided. This section comprises numerous multiple-choice questions about the
type of anesthesia, anti-coagulation, and a written end-conclusion.
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While editing the report, every question for which an answer is provided is indicated with a
filled bullet point. The questions that have not been answered yet are denoted with an open bullet
point. When a section is completed, the font of the title turns bold. Not every question has to be
answered and if the dossier is saved, only the completed answers are included in the final report.

4.2.2. A Heuristic Evaluation of the Electronic Health Record System

A low-level heuristic evaluation of the HiX preoperative screening system was performed to por-
tray the usage of the present IT system. As mentioned in Section 2.3.2., the heuristic evalua-
tion is used to state some basic observations of the interface currently used and to provide prior
knowledge for the treatment design phase. These basic observations are categorized according to
Nielsen’s usability heuristics (Nielsen, 2005) and can be found in Table 4.1. Since only superficial
statements were made, Nielsen’s usability guidelines were used instead of the extended version
of Benaida (2023).

The positive observations are stated in green, the negative statements are indicated in red.
What is important to consider when developing a new system in this field, is the way the present
system provides feedback about the questions answered. Bullet points and bold text are indicators
for completion in the HiX system. The split screen and navigation options are positive aspects of
this system too and therefore need to be incorporated in designs for a system such as an Auto-
mated Medical Reporting system.

Negative aspects which can be improved in new designs are amongst others, the icons which
can be more realistic. The overload of text and the error prevention in terms of data getting lost
can be improved too.
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Table 4.1: The Heuristic Evaluation of the EHR system specified for preoperative screenings

Heuristic Notes

• The system indicates when a question is 

answered and when a section is completed.

• The system indicates which page is open and 

on which side of the screen it is displayed by 

using an icon.

2. Match between system and the real 

world
• Some icons used do not directly reflect their 

function. E. g. a binocular for searching the 

system.  

• The system provides the opportunity for the 

users to split their screen such that multiple 

parts of the system are shown. 

• The patient navigation menu and to do list 

cannot be folded. 

• Toolbars are present at the top as well as at 

the bottom of the screen.

• Some icons are different from icons used in 

other systems.

5. Error prevention • When a dossier is opened too long without 

being saved, the content will be lost.

6. Recognition rather than recall None found

• There are multiple ways to navigate through 

the system, e.g. through the agenda and search 

for a patient.

• A user can add certain pages to their favorites 

to make them for each patient easier accessible.

8. Aesthetic and minimalist design • The interface consists of a lot of textual 

information.

9. Help users recognize, diagnose and 

recover from errors
None found

• While hovering over icons, the description of 

that action is shown.

• A questionmark indicates a navigation path to 

a help page.

7. Flexibility and efficiency of use

Heuristic evaluation

10. Help and documentation

1. Visibility of the system status

4. Consistency and standards

3. User control and freedom
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Chapter 5

PROBLEM INVESTIGATION:
STAKEHOLDER EXPECTATIONS
In order to gain insight into the expectations of the stakeholders regarding working with an Au-
tomated Medical Reporting system, a total of five semi-structured interviews were conducted.
First, four interviews were conducted with employees of the preoperative screening department
of the UMC Utrecht. These four interviewees were familiar with the idea of Automated Medical
Reporting since the Care2Report research team was part of the department for two months in
order to record consultations. These audio files were linked to the report screeners had gener-
ated and were used as input to train the Care2Report system that is currently in development.
The interviewees participated in the process of collecting these audio files. Because of their par-
ticipation in this research project already, the interviews became more valuable and interviews
were easier to arrange. Each of the four semi-structured interviews with the employees of the
preoperative screening department lasted approximately 30 minutes. Afterward, the interviews
were transcribed in a summarized format. These summarized transcripts were combined into a
table, shown in Appendix B. Interviewees 1-3 are preoperative screeners and interviewee 4 is the
head of the anesthesiology department, responsible for overseeing preoperative screenings. Sub-
sequently, the table was subjected to a thematic content analysis (Anderson, 2007). The themes
that arose are elaborated on in the following subsections.

Thereafter, an interview with the head of Care2Report research team was initiated. The goal
of this interview was to gain an in-depth understanding of the proposed design principles stated
in Figure 3.4. This set of principles guided the interview questions. The findings are elaborated
on in Section 5.2.

5.1. The Results of the Care Provider Interviews

5.1.1. The Current workflow

As was already shown in the task analysis diagram in Figure 4.1, the preparation of a consultation
was identified as an important stage. All interviewees emphasized the importance of thoroughly
reviewing the health checklist (’gezondheidsvragenlijst’) completed by the patient prior to the
consultation. The way the screeners document their findings varies. One screener interviewed
does not use the computer at all during the consultation. The other screener can type without
visual aid, the other one pauses the screening process to document during the consultation using
the computer. The average time spent on typing, including completing the dossier, ranged be-
tween 2 and 15 minutes confirmed by all participants.
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In the situation of an Automated Medical Reporting system in use, software and a microphone
are added to the current workflow. The interviewees envisioned placing of the microphones as
being in sight: 3 of the 4 preferred the microphone placed on the table. “That way you can see
that it works and it is less intrusive”. In the past two months, they have worked with similar micro-
phones to gather test data for the system. They all said to have no issue with having that visible.

5.1.2. The System in Use

When the interviewees were asked about the HiX system, the Electronic Health Record system
currently utilized in the UMC Utrecht, they all expressed their frustration towards this system.
Negative aspects concerning the preoperative screening part of HiX are 1) the excessive num-
ber of clicks necessary to document the screening; 2) the inadequacy of directly incorporating all
important information into the screening report, such as details about the patient’s medication,
which are located in a separate section of HiX and 3) the failure to transfer all responses of the
‘gezondheidsvragenlijst’ (GVL) into the anamnesis.

Interviewee 3 further mentioned an additional drawback of the screening form, namely the
large number of questions with only approximately 15 necessitating an answer. The head of the
department agreed with this observation.

On the positive side, all interviewees appreciated the existence of standardized text templates
devised by the department head. During the documentation of the screening, certain fields re-
quire open-text responses. In several cases, such as the sober policy, standardized answers are
readily available and easily accessible to the screeners. This positive attitude toward standardiza-
tion can help by integrating an Automated Medical Reporting system since this system will report
in a standardized way too.

Another aspect that was mentioned during the interviews, was the organized way the screening
form is constructed. The way the tabs are divided, which is described in Section 4.2.1., makes it
easier to navigate through.

5.1.3. The Future Interface

The last and most important section of the interview included questions about the interface de-
sign of a potential Automated Medical Reporting system for preoperative screenings. About the
visibility of the AMR system, the interviewees mentioned that they want the status of the Au-
tomated Medical Reporting system to be displayed without being overly distracting. However,
screeners need to be able to consult HiX during the consultation. The AMR system does not have
to dominate the entire screen; as interviewee 2 mentioned, "I will not look at it if I trust the per-
formance of the system".
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The visibility of the system status is important, however the transcription process does not
need to be shown directly. Additionally, the results of the interviews show that the generated
transcript should be easily accessible if needed. Especially while checking and completing the
generated report. Completing and correcting the report will be done together with the patient in
the initial stages of use according to the interviewees.

During the interviews, the idea of indicating which questions were not answered yet was pro-
posed. To the question of whether this is preferable, half of the participants positively reacted, but
only if it is easy to overrule. The head of the department was skeptical. She stated “this depends,
sometimes you consciously skip one subject, and showing that you missed it might frustrate users.
On the other hand, we do forget crucial things sometimes. It depends on this balance.”

Mixed reactions were elicited when the interviewees were asked about the possibility of using
a dictation function for the correction process. While it may save time for minor transcription
errors once the users become familiar with the system, there are limitations when it comes to
formulating complex statements and conclusions. Besides, dictation is a skill that needs to be
acquired according to the head of the anesthesiology department.

5.1.4. The Benefits Regarding Patient Time

Overall, implementing an automated reporting system would enhance the time spent directly en-
gaging with patients, especially in complex cases according to the interviewees. “I feel more so-
cially connected when I do not have to document constantly” is what interviewee 2 stated. The
department head emphasized: “A consultation is partly medical and partly social. As a doctor, if
you feel like you have more time, the social part is easier to do”. Interviewee 3 already devotes all
of the time during the consultation to patient interaction. However, he acknowledges the possi-
ble benefits too: “I do not document during the consultation but for me, the administration time
would decrease and I can maybe see more patients”.

5.2. The Results of the Design Principle Interview

In addition to conducting interviews at the preoperative screening department at the UMC Utrecht,
an interview was conducted with the head of the Care2Report research team. This team has spent
the last years formulating the initial stages of Automated Medical Reporting. During this interview,
the design principles that are outlined again in Figure 5.1, were discussed (Maas et al., 2020).

As design principle 1 states, implementing an Automated Medical Reporting system cannot in-
terfere with current working procedures. This means that such a system needs to integrate with
HiX, the current EHR system in use. Aside from the importance of the integration of a new system
in HiX, the interviewee stated that usability is important too. If the integration is too obstructive
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Figure 5.1: Reprinted: The Eight Initial Care2Report Design Principles (Maas et al., 2020)

for the use of the system, this is not essential according to the head of Care2Report.

According to principle 2 in Figure 5.1 simple input control is important. It should provide
direct feedback regarding the microphone and Bluetooth status to ensure the user’s confidence
in obtaining an accurate transcription of the consultation. This transcription does not have to
be visible at real-time. However, according to the interviewee, an option to view the transcript
needs to be integrated. Besides, as real-time report generation is such an important feature of an
Automated Medical Reporting system, this process has to be directly visible.

Another important aspect of an Automated Medical Reporting system is the necessity of a care
provider checking and editing the generated report. “The screener is required to check, complete
and accord the report, such that the responsibility of the correctness remains with the screener”.

As the transcript and the generated report include patient information, privacy is an important
aspect and has to be taken into account while prototyping. After having completed and exported
the report, this together with the transcript and audio need to be deleted. “A page with previous
transcripts and reports can thus be excluded”.

The interviewee indicated the following aspects as crucial for such a system to achieve the level
of UX that is desirable: “Such a system needs to be generic, intuitive and the hardware cannot be
intrusive”.

5.3. The Key Findings of the Stakeholder Interviews

Eight general findings regarding an Automated Medical Reporting system arose during the stake-
holder interviews. These findings are categorized in system status visibility, care provider control
and patient privacy. System status visibility refers to the way the interface shows that the system
is operating. Care provider control concerns the freedom users have to change things. Lastly, pa-
tient privacy refers to the way patient information is handled.
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System status visibility

• F1. The status of the system needs to be visible.

• F2. An Automated Medical Reporting system does not have to dominate the whole screen.

• F3. An Automated Medical Reporting system has to work while being visible on screen as
well as in the background.

Care provider control

• F4. A care provider needs to be able to edit and approve the report.

• F5. The transcript of the consultation needs to be accessible while checking and correcting
the report.

Patient privacy

• F6. When a consultation is recorded, the microphone needs to be in sight.

• F7. The patients’ information needs to be handled according to privacy regulations.

• F8. The possibility to upload the patient health questionnaire needs to be implemented.
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Chapter 6

TREATMENT DESIGN:
A PROTOTYPE OF AN AMR SYSTEM
In this chapter, the next phase of this research is elaborated on. Within this treatment design
phase, the requirements that are stated in Section 5.3. are translated into an interface of an ICT
system that can function as a treatment for the administrative burden in healthcare. The idea of
implementing an Automated Medical Reporting system was already proposed by the Care2Report
research team, but a User Interface which is built upon the users’ expectations and current work-
flow has not been created yet. In the treatment design phase, wireframes as well as a high-fidelity
prototype of an AMR system for preoperative screenings were developed. The research steps of
in this phase are listed below.

1. Designing a set of five digital wireframes

2. Discuss these digital wireframes

3. Creating on-paper sketches of the wireframes of the whole system

4. Discuss the on-paper sketches

5. Developing a high-fidelity interactive prototype of an Automated Medical Reporting system
for preoperative screenings

The wireframes that have been created for this treatment are elaborated on in Section 6.1. and
6.3. The design process of the high-fidelity prototype is described in Section 6.5.

To show the way an AMR system is integrated into the current preoperative screening work-
flow, the task-analysis diagram is adjusted to the situation in which an AMR system is used. The
creation of this diagram is explained in Section 6.6.

With the wireframes, the high-fidelity prototype and the AMR task-analysis diagram, the idea
of having an Automated Medical Reporting system is visualized. With the visualization, the treat-
ment validation phase can be performed.

6.1. The Digital Wireframes

In the early stages of this research, prior to the interview sessions, five digital wireframes have
been created using Canva. These frames illustrated only part of the system. The goal was to make
it easier to visualize an Automated Medical Reporting System such as Care2Report. This visual-
ization supported the opening of the conversation, which is an essential aspect of this research.
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The digital wireframes were designed as if Care2Report works in full screen. These screens are
split into two parts. Before the recording can be started, the status of the hardware is shown. In
this first design, not only a microphone is included, but also the connection with a camera and the
transcriber, the system itself, is displayed. When the connection with hardware is lost, instruc-
tions to solve the issue are given. When the system is ready, the recording can be started. During
the recording, the screen is divided into all sections of the preoperative screening checklist on the
left, apart from the end-conclusion section. This is separated from the rest since this conclusion is
the most important part of the screening. Located at the top of the screen, are buttons for pausing
and stopping the recording. The system provides feedback on its operation through a timer and
a green notification stating "the system is recording". Furthermore, answers to the checklist are
automatically entered by the system, and the end-conclusion is automatically generated too. The
five digital wireframes are included in Appendix C.

6.2. The First Iteration Stage

During the task analysis, and discussions with the Care2Report research team and an IT specialist,
several issues regarding the digital wireframes came to light. Screeners use the Electronic Health
Record system to obtain relevant medical history while interacting with a patient. Therefore, the
EHR system should be easily accessible while using an Automated Medical Reporting system. Be-
sides, the IT specialist pointed out that the computer screens they use are larger and the amount
of information shown in the digital wireframes is minimal. He suggested designing it in a smaller
window.

In terms of the scope of the design, some adjustments were proposed too. In the digital wire-
frames not only the status of the microphone is shown, but also the statuses of the camera and
the transcriber. A camera is not relevant regarding the AMR system specified for preoperative
screenings. Besides, a member of the Care2Report research team mentioned the status of the
transcriber as being irrelevant. The transcriber is the system as a whole and if this is not function-
ing, the whole system would not be functioning. Thus, system status visibility only needs to be
integrated for the microphone in this case.

Regardless only five screens were created, another aspect was stressed. The screen is divided
into the questionnaire and the end conclusion as this seemed to be the most important section
of the report. However, the conclusion itself is not only plain text and can be seen as one of the
sections of the dossier as explained in Section 4.2.1.
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6.3. The Wireframe sketches

Based on the knowledge gained through the interviews and the first iteration stage, an elaborate
paper-based version of an Automated Medical Reporting system for a preoperative screening
was developed. In Figure 6.1 the computer screen of a care provider who uses Care2Report, an
Automated Medical Reporting system, is shown.

Figure 6.1: An Indication of How the EHR and the AMR System Are Divided on Screen

As the results of the interviews indicated, the Care2Report system did not have to dominate
the whole screen. Besides, during the consultation information in the EHR system needs to be
easily accessible according to the interviews. Thus, the Care2Report system is designed as a small
window. All sketches are provided in Appendix D. Minimalistic design is chosen according to the
heuristic principles, which results in a home screen with only one button. This button navigates
the user to the start of the recording. If the connection with the microphone is lost, instructions
for reconnecting are given. When the user has started the recording, the report is automatically
filled in and is displayed as the wireframe in Figure 6.2a.

The microphone receiver as well as the timer indicates the working of the system. During the
consultation, the user is able to pause and stop the recording. When the recording is stopped,
a pop-up emerges to ask whether the user is sure to stop the recording. After the recording has
been stopped, the report needs to be checked. During this checking phase, the user is able to
open and close the transcript as can be seen in Figure 6.2b. Additionally, pages for help and
saved recordings do exist. The navigation bar at the top of the screen is indicated with a logo and
two lines. The lines and logo will be filled in with navigation options to a new recording, the help
page, the home page and the saved recordings.
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(a) The Recording has Started (b) Checking and Completing the Report

Figure 6.2: Two Wireframe Sketches of the Care2Report Interface

6.4. The Second Iteration Stage

The paper-based interface has been evaluated by a software developer that is employed at the
UMC Utrecht, the hospital this research is situated. At the time of this evaluation, he is developing
the real AMR system adapted to the preoperative screening as part of the overarching research.
The evaluation session had two main goals; to ensure we had similar ideas about the front-end
and to improve the paper-based design such that the enhanced version is translated into an in-
teractive design.

The software developer mentioned that he will be working with a browser front-end. He vi-
sioned it as a smaller window too, and was planning on including a navigation menu too. However,
during the evaluation session, we discussed the opportunity to enlarge the screen in which the
report is being checked. A transcript and a report in a small window can cause information over-
load. Thus, within the interactive design, the page on which the generated report is checked will
be full screen.

Another aspect that came to light during the interview with the Automated Medical Reporting
specialist described in Section 5.2., was the privacy concerns. He stated that recordings cannot be
saved within the AMR system. Regarding the paper-based sketches, the page including the saved
recordings has to be eliminated in further design cycles.
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6.5. The High-Fidelity Prototype

The design choices for the high-fidelity interactive prototype have been made based on the out-
comes of the interviews and the low-fidelity wireframes. The key findings of the interviews which
were categorized into system status visibility, care provider control and patient privacy, were
translated into concrete design choices. These choices are documented in Table 6.1. These de-
sign choices were incorporated into the interactive design. This interactive design is developed
using Figma, an online prototyping tool (“Figma”, n.d.). During the design process, the usabil-
ity heuristics of Nielsen are considered (Nielsen, 2005). For the timer feature and the switching
between sections, the Figma community was used as inspiration (“Tabs prototype”, n.d.; “Timer
animation”, n.d.). As the care providers work with desktops and Windows, the medical reporting
system will be running on a desktop eventually too. To indicate that the Electronic Health Record
system can be accessed at all times during the consultation, an image of HiX was included and
used as background (Chipsoft, 2019). The patient data within this image is fictitious. An overview
of the user interaction flow and the design choices are elaborated on in the following subsec-
tions. All images of the interactive prototype can be found in Appendix E. However, images of
the dossier sections are excluded since screenshots of HiX were used, which are confidential.

1. Start new recording Yes

No

Microphone
connection?

2. Follow instructions

No

Yes

GVL exists?

4b. Start recording
without GVL

3. Upload GVL 4a. Start recording
with GVL

5. Pause to
check/edit

6. Stop recording 7. Check and
complete report

8. Export report to
EHR system

Figure 6.3: The User Interaction Flow

6.5.1. The User Interaction Flow

The user flow of the high-fidelity prototype is presented in Figure 6.3, illustrating the sequence
from the home screen to exporting the generated report. When the Care2Report application is
launched on the computer, a small window opens, as illustrated in Figure 6.4. From this point
on, the user can initiate the recording process by clicking on the ’new recording’ button. This
causes the system to navigate to the microphone connection check screen. In case a connection
with the microphone cannot be established, instructions to solve this are provided. Afterward,
the opportunity to upload the GVL, the health checklist completed by the patient prior to the
consultation, is provided. Then the recording can be started, either with or without the GVL.
During the recording process, the user is able to pause and edit the report. The user can stop and
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Table 6.1: The Translation of User Preferences into Design Choices

Finding Interview result Design choice

The connection to the microphone is shown and; if necessary, 
instructions to fix it. 

During the consultation, a timer and a microphone volume icon 
indicates that the system is recording.

The system automatically switches between sections of the report, 
to indicate the system is generating a report in real time. 

F2 An Automated Medical Reporting system does not have 
to dominate the whole screen.

The Care2Report system is visualized as a small window during the 
consultation.

F3 An Automated Medical Reporting system has to work 
while being visible on screen as well as in the 
background.

The user is able to minimize the system at all times. The system 
keeps recording and generating the report. 

Both during and after the consultation, the care provider is able edit 
the report.

When a care provider adds text to a textfield, this text will be in 
italics. 

F5 The transcript of the consultation needs to be accessible 
while checking and correcting the report.

The transcript is shown directly after the recording has been 
stopped. 

F6 When a consultation is recorded, the microphone needs 
to be visible.

The microphone is placed next to the computer screen used during 
the consultation. 

F7 The patients' information needs to be handled according 
to privacy regulations.

The audio, the transcript and  the report are automatically deleted 
after the generated report is exported.

F8 The possibility to upload the patient health 
questionnaire needs to be implemented.

The opportunity to upload the pre consultation questionnaire that 
the patient has filled in is incorporated. 

F1

F4

System status visibility

Care provider control

Patient privacy

The status of the system needs to be visible.

A care provider needs to be able to edit and approve the 
report.

check the report using the generated transcript that is automatically displayed as shown in Figure
6.6. The only step left is exporting the complete report to the EHR system.

What is important to consider is the number of pop-ups to keep users from accidentally delet-
ing the recording. Besides, a navigation menu at the top of the screen is included which eases
the navigation back to the home page, a new recording and the help page. Navigating to a new
recording page and the help page are disabled during the recording.

6.5.2. Design Choices: System Status Visibility

Microphone Connection Before the recording can be started, the connection to the micro-
phone is checked. If the connection is lost, additional instructions are provided to solve this.
Starting a recording is only enabled when the connection to the microphone is secured.
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Figure 6.4: The Home Screen of Care2Report

Timer and Volume Icon During the consultation recording, the interface includes visual cues
in the form of a timer and a volume icon to indicate its operational status. These visual cues
are located at the top right of the Care2Report window. This is shown in Figure 6.5. When the
recording has been started, this timer starts running.

Figure 6.5: The Timer and Volume Icon Indicating the System is Recording

Real-time Report Generation The report of the screening is generated automatically dur-
ing the consultation. To give feedback about the status of this process, the system automatically
switches between the sections of the report. When something important has been said, the system
fills in an answer to the designated question. The sections between which the system switches,
are illustrated in Figure 6.5. Unfortunately, the content of the sections cannot be shown since
screenshots of the current dossier within the Electronic Health Record system were used.
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Small Window The frame of the Care2Report system is designed as a small window in the
bottom right of the screen. As can be seen in Figure 6.4. During the recording, the Car2Report
interface is only used to get feedback about the status of the system, thus a smaller window is
fitting. While editing the report, the system automatically switches to full screen.

Minimize the Window The ability to use the EHR system at all times was shown to be impor-
tant. The use of the Automated Medical Reporting system must not interfere with this workflow,
therefore the Care2Report system can be minimized. The recording as well as the report gener-
ation processes remain active.

6.5.3. Design Choices: Care Provider Control

Editing the Report The care provider can edit the generated report both during and after the
consultation. After the consultation, the system automatically switches to full screen to ease this
process.

Own Content Feedback The content the care providers add to open text fields is indicated
in italics such that their own changes can easily be tracked. Changes that care providers make
cannot be overwritten by the system.

Displayed Transcription The transcript of the consultation is automatically shown when the
consultation has ended and the care provider wants to check the generated report. This is done
according to a split screen, which is in line with the feature of the EHR system in use. This division
is depicted in Figure 6.6. In which the transcript is displayed in the right box and the generated
report in the left box. As was already mentioned, the report is not included since no permission
was granted to include screenshots of the actual EHR system.
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Nieuwe opname HelpTerug Rapport Controleren

Het transcript 

0001.02 -- 0003.82 SPEAKER_00: Goedemorgen, ik ben dokter <PERSOON-1>, anesthesioloog.


0004.56 -- 0009.56 SPEAKER_00: U bent hier vandaag op de anesthesiepoli voor de geplande operatie.


0009.56 -- 0014.56 SPEAKER_00: Voordat we gaan beginnen, kunt u ter controle nog een keer uw naam en je 
geboortedatum zeggen?


0014.96 -- 0019.56 SPEAKER_01: <PERSOON-2>, geboortedatum <DATUM-1>.


0019.56 -- 0021.96 SPEAKER_01: En welke operatie gaat u vereigen strakjes?


0021.96 -- 0023.96 SPEAKER_01: Galstenen worden verwijderd.


0024.22 -- 0027.02 SPEAKER_00: Heel goed, dat heb ik hier ook in de computer staan.


0027.02 -- 0030.62 SPEAKER_00: En u bent hier, omdat we dat gaan doen onder narcose.


0030.62 -- 0032.54 SPEAKER_00: En wij willen weten of u gezond bent...


0032.54 -- 0035.54 SPEAKER_00: en aan de andere kant willen we ook uitleggen wat er gaat gebeuren.


0035.54 -- 0038.34 SPEAKER_00: Dus om te beginnen met de gezondheidsvragenlijst die u heeft ingevuld...


0038.34 -- 0043.34 SPEAKER_00: die heb ik doorgelezen en er waren een paar dingen die me opvielen.


0043.34 -- 0046.42 SPEAKER_00: U was nog nooit eerder geopereerd, klopt? -Nee, klopt.


0046.42 -- 0049.06 SPEAKER_00: En ik las makkelijk wagenziek...


0049.06 -- 0052.02 SPEAKER_00: en mensen in de familie die snel misselijk werden.


0052.10 -- 0057.10 SPEAKER_01: Ja, dat klopt. Na operaties of in de auto.


0057.72 -- 0062.32 SPEAKER_00: Dan kan ik me voorstellen dat je zelf ook zorgen maakt dat je makkelijk 
mislukt wordt.


0062.55 -- 0065.27 SPEAKER_01: Ja, ik heb zelf ook wel snellast van, dus...


0067.80 -- 0069.80 SPEAKER_01: Ja, daar ben ik wel een beetje bang voor.


0069.89 -- 0074.89 SPEAKER_00: Zullen we dan in ieder geval afspreken tijdens de narcose dat we je alles 
gaan geven voor de misselijkheid dat we hebben?


0074.89 -- 0075.39 SPEAKER_00: Ja.


0075.39 -- 0076.89 SPEAKER_00: Dan hebben wij in ieder geval alles gedaan.


0076.89 -- 0081.89 SPEAKER_00: En als je lijf dan nog misselijk wordt, dan kunnen wij er niks meer aan doen.


0081.89 -- 0083.89 SPEAKER_00: Maar dan hebben wij alles gedaan voor jou wat we kunnen.


0083.89 -- 0084.39 SPEAKER_00: Ja.


0084.06 -- 0086.06 SPEAKER_01: Ja, populair ontwikkeld.


0084.39 -- 0085.39 SPEAKER_00: Dat beloof ik.


0085.39 -- 0086.89 SPEAKER_00: Dat lijkt me fijn. Ja, klinkt goed.


0086.89 -- 0091.89 SPEAKER_00: En verder vulde je in de vragenlijsten in dat je last hebt van een hoge 
bloeddruk.


0091.89 -- 0092.89 SPEAKER_00: Vertel deze.


0092.94 -- 0103.42 SPEAKER_01: Klopt, ja ik las van maar krijg ik wel medicijnen voor <DATUM-2> en dat 
houdt me in.


0103.45 -- 0104.45 SPEAKER_00: Dat is wel goed.


0104.45 -- 0108.45 SPEAKER_00: Wanneer ben je voor het laatst bij de huisarts geweest om de bloeddruk te 
controleren?


0108.50 -- 0112.10 SPEAKER_01: Ik denk iets van <DATUM-3> maanden geleden.


0112.18 -- 0114.50 SPEAKER_00: En weet je nog hoe hoog die toen was ongeveer?


0115.11 -- 0117.11 SPEAKER_01: Nee, weet niet echt waarom.


0117.80 -- 0122.40 SPEAKER_00: Nou, dan gaan we hem nu zo meten. Was de huisarts dus in ieder geval 
tevreden?


0122.40 -- 0124.16 SPEAKER_00: Ja, ja, dat ook.


0124.16 -- 0129.92 SPEAKER_00: En was ik nog even nieuwsgierig, kun je je goed inspannen, zoals fietsen, 
trappen lopen?


0129.95 -- 0134.95 SPEAKER_01: Ja wel, maar wel snel ook last van mijn buik dan.


0135.36 -- 0137.36 SPEAKER_00: Oké, en sporten doe je dat nog?


0138.01 -- 0140.01 SPEAKER_01: Ja, twee keer per week.


0140.48 -- 0142.48 SPEAKER_01: Dan ga ik een stukje hardlopen.


0143.45 -- 0155.85 SPEAKER_00: En heb je ooit weleens klachten van je hart gehad, zoals pijn op de borst, 
hartkloppingen, benauwdheid of kortademigheid, flauwvallen?


0155.85 -- 0156.85 SPEAKER_00: Nee.


0156.85 -- 0159.77 SPEAKER_00: Je had in de vragenlijst ook ingevuld dat je nooit iets aan je longen had.


0161.01 -- 0163.61 SPEAKER_00: Dat klopt, niet een auto verkorten hadden mag.


0163.61 -- 0164.61 SPEAKER_00: Nee.


0164.61 -- 0168.73 SPEAKER_00: Verder zie ik een heleboel in de vragenlijst wat met nee is ingevuld.


0168.73 -- 0173.29 SPEAKER_00: Zijn er nog dingen die niet in de vragenlijst stonden waarvan je zegt, die zijn 
nog wel


0173.29 -- 0174.53 SPEAKER_00: van belang om te weten?


0177.09 -- 0182.61 SPEAKER_01: Dat ik de narcose ook wel spannend vind, de operatie zelf, dat ik er wel 
tegenop zie.


0184.69 -- 0186.69 SPEAKER_00: Dat is de eerste keer? -Ja.


0185.62 -- 0187.62 SPEAKER_01: Ja, dat is goed.


0186.69 -- 0190.17 SPEAKER_00: Zal ik je dan gaan vertellen, stapje voor stapje, wat er gaat gebeuren?


0190.17 -- 0194.29 SPEAKER_00: Ja, dat lijkt me goed. -Nou, het begint bij jou.


0192.13 -- 0193.13 SPEAKER_01: Het begint bij jou.


0194.29 -- 0199.01 SPEAKER_00: Het betekent dat je nuchter moet zijn, dat je zes uur tevoren niet meer mag 
eten.


0199.01 -- 0201.85 SPEAKER_00: Je mag nog wel tot aan de licheep blijven drinken.


0201.85 -- 0206.13 SPEAKER_00: Water, thee en aanmaaklimonade. Doe dat vooral ook.


0206.13 -- 0208.37 SPEAKER_00: Want dat kan ook een beetje schelen voor de misselijkheid.


0208.37 -- 0210.13 SPEAKER_00: Soms, als je heel lang niet gegeten en gedronken hebt...


0210.13 -- 0213.29 SPEAKER_00: kun je een beetje appelig en haast misselijk voelen in je buik.


0213.45 -- 0217.13 SPEAKER_00: Dus niet meer eten, maar nog wel dus blijven drinken.


0217.13 -- 0221.57 SPEAKER_00: En je medicijnen voor de bloeddruk mag je gewoon innemen...


0221.57 -- 0223.97 SPEAKER_00: op de tijd dat je altijd zou doen.


0223.97 -- 0227.21 SPEAKER_00: En wanneer je dan aan de beurt bent, krijg je een operatiejasje aan...


0227.21 -- 0229.49 SPEAKER_00: op de verpleegafdeling, je komt bij ons.


0229.49 -- 0232.49 SPEAKER_00: We geven je een infuus in je arm.


0232.49 -- 0238.57 SPEAKER_00: We gaan je hartslag, je bloeddruk meten met plakkertjes en kabeltjes.


0238.57 -- 0240.61 SPEAKER_00: Dan krijg je van ons een kapje met zuurstof...


0240.77 -- 0244.01 SPEAKER_00: om te zorgen dat je longen goed vol met zuurstof komen.


0244.01 -- 0246.49 SPEAKER_00: En dan maak je via het infuus in slaap.


0246.49 -- 0250.53 SPEAKER_00: Als je slaapt, ga je van ons een beademingsbuisje krijgen.


0250.53 -- 0253.49 SPEAKER_00: Omdat iedereen die narcose krijgt, stopt met te ademen...


0253.49 -- 0255.65 SPEAKER_00: die heeft dus een beademingsbuisje nodig.


0255.65 -- 0258.25 SPEAKER_00: Daar merk je niks van, omdat je dan al slaapt.


0258.25 -- 0261.73 SPEAKER_00: Maar als je wakker wordt, kan het zijn dat je wat keelpijn of heisheid hebt.


0261.73 -- 0265.45 SPEAKER_00: En die gaat dan vanzelf over in de loop van één of twee dagen.


0266.65 -- 0269.43 SPEAKER_00: Als jij lekker slaapt, mag de chirurg gaan opereren.


0269.43 -- 0271.43 SPEAKER_00: Is alles klaar, dan maak je je weer wakker.


0271.43 -- 0273.43 SPEAKER_00: Dan ga je naar de uitslaapkamer.


0273.43 -- 0276.09 SPEAKER_00: Op de uitslaapkamer hou je je nog goed in de gaten.


0276.09 -- 0278.09 SPEAKER_00: Kijken hoe het is qua pijn.


0278.09 -- 0280.09 SPEAKER_00: Als je pijn hebt, krijg je extra medicijnen.


0280.09 -- 0282.09 SPEAKER_00: Dan gaan we kijken hoe het is qua misselijkheid.


0282.09 -- 0285.73 SPEAKER_00: Daar hadden we je al alles voor gegeven, maar blijf je nog goed in de gaten 
houden.


0285.73 -- 0288.73 SPEAKER_00: En gaat alles goed, mag je naar de verpleegafdeling.


0290.34 -- 0292.82 SPEAKER_00: Heb je daar nog vragen over of dingen die je nog wil weten?


0294.95 -- 0298.95 SPEAKER_01: Nee, ik denk het niet. Het klinkt wel, je hebt het duidelijk uitgelegd.


0300.81 -- 0311.29 SPEAKER_00: Nog een paar aandachtspuntjes voor jou, stel dat je nou ziek wordt in de 
tussentijd, laat het ons weten, want een operatie is een inspanning voor je lichaam, dus dat wil je alleen 
doen als je zo gezond mogelijk bent.


0311.29 -- 0316.33 SPEAKER_00: Dus als je verkouden wordt, je wordt ziek, er gebeurt iets anders in je 
gezondheid, neem contact met ons op.


0316.33 -- 0319.85 SPEAKER_00: Nuchten hadden we al besproken.


0319.85 -- 0321.85 SPEAKER_00: En...


0326.93 -- 0330.13 SPEAKER_00: Oké, dan gaan we dat uit. Nuchter hadden we al besproken.


0330.13 -- 0334.89 SPEAKER_00: Als er verder nog bijzonderheden zijn, neem contact met ons af.


0334.89 -- 0339.25 SPEAKER_00: En ik ga nog even een brief voor je maken waarin staat wat we allemaal 
hebben afgesproken.


0339.25 -- 0341.25 SPEAKER_00: Dus dit stukje over...


0342.45 -- 0347.21 SPEAKER_00: Dat je al geen anarkose krijgt, dat je nuchter moet zijn, wat je moet doen 
met je medicijnen,


0347.21 -- 0348.89 SPEAKER_00: wat je moet doen als je ziek bent.


0348.89 -- 0351.25 SPEAKER_00: We denken net nog dat ik één ding ben vergeten.


0351.25 -- 0355.25 SPEAKER_00: <PERSOON-3> dat er nou iets geks gebeurt tijdens de operatie en de 
chirurg maakt een bloeding


0355.25 -- 0358.69 SPEAKER_00: en ik vind dat je een bloedtransfusie nodig hebt voor je gezondheid.


0358.69 -- 0360.69 SPEAKER_00: Heb je daar dan bezwaar tegen?


0360.69 -- 0361.69 SPEAKER_00: Nee.


0361.69 -- 0365.49 SPEAKER_00: Verwacht ik absoluut niet, maar het is een vraag die we letterlijk bij 
iedereen moeten vragen.


0365.49 -- 0366.49 SPEAKER_00: Ja, oké.


0367.46 -- 0369.46 SPEAKER_00: Heb je dan nog andere vragen?


0371.80 -- 0373.80 SPEAKER_01: Hoe laat van tevoren moet ik dan aanwezig zijn?


0373.94 -- 0378.24 SPEAKER_00: Dan krijg je een brief van het opnamebureau.


0378.24 -- 0380.24 SPEAKER_00: Daar gaan we helaas niet over.


0380.24 -- 0382.24 SPEAKER_00: Nee, oké, dat snap ik.


0382.82 -- 0386.98 SPEAKER_00: Nou, dan loop ik met je mee naar buiten en dan zal ik je de brief geven.
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Care2Report

Figure 6.6: Checking the Generated Report in Care2Report

6.5.4. Design Choices: Patient Privacy

Microphone Placing When utilizing an external microphone setup, the components are po-
sitioned adjacent to the computer screen in use. This arrangement ensures minimizing intrusion
and eases the fixing process of the connection when needed.

Deletion Process The audio file, the transcript and the generated report consist of sensitive
information which needs to be handled with care. Within this interactive prototype, automatic
deletion of this sensitive information is included. After the completion process, the report is ex-
ported to the EHR system in use. Simultaneously, the data generated during the consultation is
deleted. Because of the integration of this automatic deletion process, before a user wants to exit
the recording, pop-ups are incorporated into the prototype.

GVL Upload Process The patient health questionnaire (GVL in Dutch) which is filled in prior
to the consultation can be uploaded to the AMR system. Since some patients have not completed
the questionnaire, uploading the GVL is optional. For now, the process of uploading is designed
as if the questionnaire is uploaded from the computer itself. Ideally, the questionnaire can be
directly retrieved from the EHR system. The questions of the GVL that match the questions of
the anamnesis are automatically filled in.

6.6. The AMR Task-Analysis Diagram

To indicate the aspects that change in the workflow of a preoperative screener when using an
Automated Medical Reporting system, another task-analysis diagram was created. This proposed
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new task-analysis diagram is depicted in Figure 6.7. The tasks that are different from the tasks in
Figure 4.1 are indicated in blue. In the preparation stage, the AMR system has to be opened and
optionally the patient health questionnaire needs to be uploaded.

Ideally, during the consultation, the task of editing the report can be excluded. Two additional
tasks are included; starting and stopping the recording. Apart from the fact that two tasks are
added and only one is excluded, the consultation will take up less of the care providers’ time.
Starting and stopping will take not more than 5 seconds while editing answers during the consul-
tation take much longer.

In the summarization stage, the report is not only completed but also checked. In this stage,
one task is added; uploading the report to the EHR system in use.
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A preoperative screening using an AMR system

1. Preparation stage

1.2 Read patients'
anamnesis

1.5 Check pre-
filled screening

for abnormalities

1.6 Select
subjects to

discuss

1.7 Call / Invite
patient in 

1.1 Read surgery
proposal

1.3 Open AMR
system

1.4 Upload GVL

2. Consultation stage

2.1 Explain goal
of screening

2.3 Discuss
patients'

anamnesis

2.4 Perform
physical

examination

2.6 Allow patient to

ask remaining
questions

2.5 Educate
patient and give

preoperative
instructions

2.2 Start
recording

2.7 Stop recording

3. Summarization stage

3.1 Check and
complete report

3.3 Approve
proposed surgery

3.4 Generate and
send letter

Letter

3.5 Report
patient as left

3.2 Upload the
report to HiX

Figure 6.7: The Task-Analysis Diagram of a Preoperative Screening Using an Automated Medical
Reporting System
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Chapter 7

TREATMENT VALIDATION
The last phase of the design cycle of Wieringa is the treatment validation phase. Validation is done
by showing the treatment satisfies its requirements (Wieringa, 2014). Within this research, the re-
quirements are the user preferences specified according to the stakeholder interviews. These re-
quirements were translated into design choices during the treatment design phase. To validate the
design choices, qualitative research methods were used. The think-aloud sessions were mostly
focused on gathering design alternatives and the focus group with Care2Report researchers to-
gether with the IT specialist interview were used to discuss these alternatives and to establish
interface design principles.

Interviews Prototype
development

Think Aloud
sessions

Evaluation
questions

Interview
questions

Task Analysis
& Heuristic
Evaluation

Alternative
design choices

Design
principles

Design
choices 

User
preferences

Focus group &
Interview

Figure 7.1: An Overview of the Obtainment of the Deliverables

7.1. The Think-Aloud Sessions

7.1.1. The Think-Aloud Guide

The think-aloud sessions started with a brief introduction, in which the participants were in-
formed about the prototype’s limitations and were instructed to vocalize their thoughts during
the session. Thereafter, consent for recording the session is asked and the recording is started.
Then, the participants had to perform a set of tasks and answer some questions. For this proce-
dure, a guide was created which is included in Appendix F. This guide provides a road map which
is described below point by point.

• Introduce the participant to the scene of a preoperative screening

• Ask the participant to perform the following tasks

1. Repair the microphone connection and upload the GVL

2. Start the recording

3. Pause the recording to edit the answer to exercise tolerance

4. Stop the recording and check the generated report
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5. Export the complete report

• Ask the questions based on the design choices

• If the participant is a screener: ask the participant to validate the AMR task-analysis model

The evaluation questions are derived from the design choices and thus categorized into 1) sys-
tem status visibility, 2) care provider control and 3) patient privacy. The questions were mostly
phrased as ’how do you feel about -design choice-’ and ’what can be different in order to achieve
system status visibility’ to obtain alternatives.

As was already explained in Section 2.5.1., nine think-aloud sessions were conducted which all
lasted approximately 20 minutes. Since the background of the participants varied, the differences
are shown in Table 7.1.

Table 7.1: The Background of the Think-Aloud Participants

Participant Role Knowledge of Care2Report

P1 Screener Yes

P2 Health Data Science employee Yes

P3 Health Data Science employee Yes

P4 Screener Yes

P5 Screener Yes

P6 Head of Anesthesiology department Yes

P7 HCI specialist No

P8 Polyclinic secretary  No

P9 HCI specialist No

7.1.2. The Results of the Think-Aloud Sessions

Performing the tasks All participants were able to complete the tasks with relative ease and
minimal difficulties. During the think-aloud sessions, 5 of the participants came closer to the
screen in order to read the text which indicated the font size is too small. P1 had issues with the
third task, editing the report during the consultation. P1 could not find the anamnesis in which
the exercise tolerance can be edited. This indicates the sections were hard to read. P1 liked the
check phase to be in full screen. All participants used the buttons to navigate, the menu was not
used.
During the think-aloud sessions, another main theme for the interface design arose. This resulted
in the following four themes; system status visibility, care provider control, consultation trace-
ability and patient privacy. The theme that has been added, consultation traceability, refers to
the way the conversation can be linked to the transcript and the generated report.
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System status visibility

Timer and Volume Icon The timer and volume icon which indicate the working state of the
system, was experienced moderately positive. P4 mentioned the timer was not distracting or an-
noying. "If this kind of feedback is not provided, I would just keep checking". The timer could be
smaller according to P6. P3 found the timer distracting, reasoning that "the idea is that the focus
is on the patient instead of checking the computer screen".

Real-time Report Generation The automatic switching between sections of the dossier was
experienced as distracting by most of the participants. Some sort of direct feedback on the report
generation was desired, however in another design way. About this, P5 stated: "I think feedback
is useful, maybe in the form of lightening up sections and questions answered. Switching be-
tween sections makes it confusing, I would like to be in control of switching between sections".
P7 agreed; "It might switch when you are reading something, this is inconvenient. For the reason
to give direct feedback about the status of the system I would not implement it this way".

Care provider control

Interface window During the think-aloud, the small window was shown to be inconvenient
since half of the participants came closer to the screen in order to read what the interface stated.
A lot of information needs to be displayed which makes the use of it frustrating by half of the
participants. On the other side, P2 stated that a smaller window was pleasant especially to use
while using another application too. Two participants mentioned the possibility to use a second
screen in which Care2Report can be opened in full screen. As P6 said, "it depends on the goal
with which Care2Report will be used. If you want to edit the report in Care2Report, the window
can be larger". A lot of individual differences in preferences were noticed. This might ask for
responsive design of which users have control. For this reason, the interface window aspect is
transferred to the care provider control theme.

Minimize the window It is essential the Care2Report application can run together with the
EHR system in use. As P1 mentions "I would switch between the EHR system and the Care2report
system. Especially in the early phases of this application when trust needs to be built".

Editing the report The possibility to edit the generated report is important according to the
participants. Every participant reviewed the pause button as useful. P1: "I would add something
during the consultation too, especially if the patient is complex". However, 3 participants were
somewhat hesitant toward editing during the consultation. P2 stated not to trust the system to
save their own answers. Additionally, P6 stated the possibility to edit could cause some confu-
sion about what is the real report. The application needs to export a version of the report in which
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input fields remain.

Consultation traceability

Own content feedback Statements in italics indicate that additional text was provided by the
screener. Feedback about their own content was perceived positively, however only during the
review phase. P4 found it convenient that the system shows what was added by a screener. "Then
I know what I have added and whether I need to specify that more". According to P8, it would
contribute to time efficiency since it provides an overview more easily. Subsequently, alternatives
to show screener additions such as indicating it with color or an icon were proposed too.

Displayed transcription The opinions regarding the presentation of transcription in the ap-
plication were diverse. None of the participants wanted real-time visibility of the transcription
being generated. Only half of the participants expressed their preference for displaying the tran-
script directly after the recording has been stopped. Conversely, P2, P3, P5 and P8 would like
to have control over opening the transcript themselves. P8 states: "if it opens automatically, the
amount of text is overwhelming".
P2 proposed an interesting feature that allows the user to link the answers of the screening to
the transcript. P2 would like to see the part of the transcript the answer is based on lighten up
when a generated answer is clicked. When this idea was presented to the other participants, their
reactions were positive.
Three participants expressed a desire to retain the audio alongside the transcript. They cited the
poor quality of the transcript as the primary reason for this preference. P3 mentioned wanting the
questions to be linked to the transcript and the transcript to be linked to the audio file. Medical
professionals, in particular, preferred excluding the audio. P6 stated that the transcript alone is
sufficient as a resource, acknowledging its imperfections. P5 also expressed that the audio would
not provide any additional value for her.

Patient privacy

Deletion process All participants expressed their preference for delaying the deletion pro-
cess, rather than deleting the data immediately after the consultation. P1 mentioned the scenario
of conducting multiple screenings before proceeding with administration tasks, highlighting the
need to retain access to the transcripts and reports. Six participants suggested having a period of
one day to access the data within the Care2Report application.
Two alternative ideas were proposed regarding the deletion of the data generated by Care2Report.
One suggestion was to delete the data after the surgery is approved, while the other suggestion
was to delete it after the actual surgery takes place. However, P6 expressed hesitation due to the
increased risk of errors involving critical patient information. Instead, P6 advocated for upload-
ing the report together with the transcript to the Electronic Health Record (EHR) system, where
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necessary adjustments can be made at any time.

GVL upload process All participants designated uploading the health questionnaire filled in by
the patients as useful. Especially if the application is able to copy the answers to the anamnesis,
according to P1. However, P6 was worried about transferring patient information from and to the
EHR system. In no circumstance, data can be interchanged between patients.

Safety in use Every participant would feel safe using the Care2Report application. P5 states:
"I feel safe using such a system". Participant P4 mentioned feeling secure because the data would
be deleted after a certain period. Participant P2 indicated that they would feel safe if the head of
the department approved the system. Participant P3 mentioned feeling secure if the application
was running on hospital computers, implying trust in the hospital’s security measures.

The updated task-analysis diagram

The AMR incorporated task-analysis model The screeners who provided their feedback on
the revised task-analysis diagram all expressed their agreement with the model. P1 "Seems logical
to me, I cannot think of another way". Apart from the fact that no negative feedback was given,
all screeners mentioned working with an AMR system as being hard to imagine.

Additional notes

During the think-aloud sessions, some additional statements were made by the participants.
The preoperative checklist in the prototype was indicated by including screenshots from sev-
eral parts of the checklist in HiX. According to P2, P3 and P4, this could give the impression
of Care2Report as being part of the HiX system. Another choice for layout would be preferred.
Several participants in the medical field mentioned that the workflow would change drastically
when an Automated Medical Reporting system is used. Additionally, P4 addressed the processing
time. P4 was worried about the exportation time since screeners have to request orders which
are attached to the report they generate. Requesting orders is done in HiX.
The head of the Anesthesiology department had some additional thoughts too. She worries about
the way of dealing with the report exportation. "How are you sure the report of a specific patient
is being uploaded in the dossier of that specific patient?". To minimize this chance, automated
deletion is preferable. And about the transcript, she stated the possibility to upload this transcript
into the EHR system too. "For example, a colleague is on a holiday so we are not able to call her.
However she forgot to write a critical part of the conclusion. A transcript would be ideal in this
situation." Besides, patients sometimes ask if they could record the consultation themselves. If
the transcript is provided in the EHR and is made available for the patient, the transcription is in
a secure environment.

65



Interface Design Principles for Automated Medical Reporting Emma Kwint

7.2. The Focus Group Session

After having discussed the prototype incorporating the design choices as they are now, a focus
group was conducted to discuss the design choices and alternatives.

7.2.1. The Focus Group Guide

Before the focus group was conducted, the road map for this session was established in a guide,
which can be found in Appendix F. This guide is based on the idea of effective focus groups
according to Redmond and Curtis. They state: "To conduct effective focus group interviews, re-
searchers should consider the questions they wish to ask. These questions depend on the research
question, the purpose of the study and the type of data required" (Redmond & Curtis, 2009). The
goal of this focus group was to discuss alternative design choices based on the three design themes
and eventually to be able to draw conclusions. As can be seen in the guide, the questions were
based on the themes of the interviews again (system status visibility, care provider control and
patient privacy). However, not only the think-aloud questions reoccurred, the alternative design
choices were included too. The guide was used by the moderator as a road map. Unfortunately,
the moderator had to fulfill the role of note-taker too due to limited resources. The focus group
as well as the guide were again in Dutch, since all participants were Dutch too.

The focus group took place in a dedicated room with a large screen on which the prototype
could be displayed. The session had a duration of approximately one hour. The group consisted
of four participants, one female and three males. To create a comfortable environment, the par-
ticipants were seated in a circle arrangement and were offered snacks during the session. Then,
an introduction was given in which the goal of the focus group was explained and consent for
recording the session was asked. Besides, the participants were asked to react to each other if
they had other ideas about the subject. After this brief introduction, the prototype was shown
and elaborated on by the moderator. Then the discussion about the design choices and proposed
alternatives was initiated by the moderator. Once all aspects were discussed, room for additional
remarks was provided. The focus group concluded with expressions of gratitude for the partici-
pants’ presence and contributions.

7.2.2. The Results of the Focus Group

System status visibility

Timer and section switching The participants agreed upon including a timer to indicate the
system is recording. However, direct feedback about the system generating a report could be
different than automatically switching between sections. "I would find it challenging to maintain
focus when the sections automatically change". Feedback about report generation can be indi-
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cated by small dots in front of the title of the sections.

Care provider control

Interface window The participants agreed with responsive design in order to accommodate
individual differences. However, about the window of Care2Report being smaller, new design
ideas were proposed. The group proposed an even smaller window that incorporates only the
timer and a start/stop button. When the user maximizes it, the system automatically switches to
full-screen mode, which facilitates easier editing. This is in line with the vision of Care2Report
according to one of the participants. He explained: "The goal of Care2report is to support report
generation. It will not be used as a reference system". Only editing and approving the generated
report is done in the Automated Medical Reporting system. Since users need to edit the report
in Care2report, switching to a bigger screen is a positive aspect. "Editing in Care2report has to be
emphasized, to avoid potential overwriting of the user’s input in the EHR system by the generated
report". A different layout for Care2Report to indicate that it is a different system would contribute
to this goal.

Report editing The participants all agreed with the user being able to edit the report. However,
the design choice of pausing the recording to edit was perceived negatively. "You might forget to
unpause the recording, I would implement the editing during the recording", states one of the
participants. According to the participants of the focus group, the user should be in control of
navigating and editing during the recording. You need to have a pause button, however only for
discussing something off the record.

Note taking Another design idea that arose, was the possibility for the user to take notes within
care2report. "The user can feel more in control when taking notes. Besides, most screeners al-
ready take notes on paper, integrating this feature in Care2Report might be beneficial for the user
as well as the system". The system could use this as input for the report.

Consultation traceability

Transcript Integration For integrating the transcript, the participants agreed upon implement-
ing care provider control. The split screens that are enabled in the EHR system, can be useful in
the checking phase of Care2Report too. One of the participants proposed a screen division, with
the transcript occupying one-third of the screen and the report taking up the remaining two-
thirds.
Furthermore, specific remarks were made regarding the transcript. The participants suggested
enhancing the clarity of speaker differentiation in the transcript and also recommended consid-
ering the exclusion of timestamps.
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The suggestion to export the transcript to the EHR system received a positive response, partic-
ularly due to the potential benefits it offers to the patient. "In this scenario, the patient would no
longer need to personally record the consultation if they want to refer to it later".

Saving audio recording When the possibility of saving the recording of the consultation was
addressed, its usefulness was discussed. "Users might want to search for errors in the transcript
according to the recording, which takes time". You need to trust the transcription process. More-
over, from a privacy perspective, the implementation of this feature would be challenging.

Own content feedback To indicate that the user has changed something, the participants sug-
gested using colors. Besides, the system should provide feedback about the fact that the answers
they give will not be changed again. If during the consultation, new information is provided about
a specific question, the users have to change this themselves. This can be indicated with a lock
or an answer being greyed out.

Patient privacy

Uploading GVL The possibility to upload the questionnaire the patient has filled in before the
consultation was perceived positively.

Deletion process All participants agreed with the option to delete the transcript and the gener-
ated report after a designated period. One participant suggested that if this feature is implemented,
a save button should be added. Regarding the current deletion process, it was noted that the ex-
port button should provide a clearer indication that the report will be deleted in Care2Report.

Additional design ideas

Patient-report validation Some additional suggestions were made by the participants of the
focus group. They suggested that some sort of validation process within the EHR system needs to
be initiated. This validation process prevents a report from being exported to the wrong patient.

Report Approval The participants agreed upon the design choice of having a final check before
the report is exported. However, they emphasized the need for flexibility in this process. They
proposed the inclusion of a lock icon that can be unlocked to facilitate easy editing. Additionally,
they suggested that during this phase, incorporating a clear indication that the responsibility for
the correctness of the report lies with the healthcare provider is necessary.

Progress notification Lastly, one participant suggested deviating from the current structure of
the preoperative screening checklist and instead displaying notifications only when the system has
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made changes. However, the feasibility of this approach was debated, considering the frequency
of system updates. Additionally, another participant highlighted that the structure of the report is
used during the preoperative screening. Such an approach may not be suitable for this case study.

7.3. The Evaluation Interview

A short interview about the interface was conducted with a software developer who currently de-
velops the software for the Care2Report preoperative screening application. The interviewee was
already familiar with the interface design since he was involved in the second iteration discussion
described in Section 6.4. For this interview, the same questions as the ones in the think-aloud
were used.

System status visibility
Regarding system status visibility, the interviewee stated the timer is useful to indicate the system
is working. Switching between the sections could be replaced by dots according to him. Addition-
ally, he suggested leaving the structure behind and including notifications. However, he doubted
whether this would be desirable for users. He emphasized the goal of Care2Report again and
stated that Care2Report is not intended to be a new Electronic Health Record system. He pointed
out that the inability to integrate Care2Report into existing EHR systems is a fundamental issue.

Care provider control
While the interviewee favored responsive design, he emphasized the importance of starting with
a single design initially, as having multiple designs could lead to confusion when learning to use
the system.
Additionally, the interviewee highlighted the challenge of ensuring that users edit the report in
Care2Report during consultation. Editing and indicating what has been added is important, how-
ever, according to the interviewee this needs to be integrated during the generating phase of the
report. He did not find pausing the recording necessary for editing purposes, but suggested keep-
ing a pause button for off-the-record comments.
For the checking phase, the interviewee suggested that only the report should be opened and a
slide menu should enable opening the transcript and audio. He suggested saving the audio too,
since it is ideal to use as evidence in some situations.

Patient privacy
In alignment with the head of the department, the interviewee was in favor of uploading the
transcript in HiX and deleting the report and transcript in Care2Report immediately. However,
he suggested the possibility to reopen a report and corresponding transcript in the Care2Report
system, such that the user is able to edit it and export it again.
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Chapter 8

DISCUSSION AND CONCLUSION
This qualitative research into the interface design of an Automated Medical Reporting system for
preoperative screenings was initiated in order to answer the main research question: What are
the key user-centered design principles that should be applied when designing an interface for an
Automated Reporting System used in healthcare consultations? By performing a user study within
the preoperative screening department of the University Medical Center Utrecht, insights into the
expectations and preferences of the healthcare sector were gained.

8.1. Literature on Automated Medical Reporting Systems

As this is a new field of research, limited literature existed on this topic. According to the liter-
ature on Healthcare Information systems, medical reporting becomes easier through the use of
Electronic Health Record systems. However, due to the implementation of information systems
in the healthcare sector, the number of administrative tasks increase. Besides, usability issues in
healthcare IT systems were often demonstrated, of which one of the consequences were docu-
mentation errors. For the development of new software in this sector, the inclusion of end-users in
the design phase, basic usability heuristics, and intuitive design have been proven to be beneficial.

8.2. The Preoperative Screening Case Study

In order to identify the present situation of the case study environment, the present workflow and
the Electronic Health Record system in use were investigated. A task-analysis diagram of preoper-
ative screenings shows the workflow can be divided into a preparation stage, a consultation stage,
and a summarization stage. In these stages, essential patient information is gathered in a preop-
erative checklist, a risk assessment is done and an end-conclusion is generated. The checklist is
incorporated into the Electronic Health Record system and is divided into five sections. The EHR
system provides feedback about the status of the checklist and enables the possibility to access
other patient information by making use of the split screen functionality. However, the interface
consists of a lot of textual information and the layout of the questions of the checklist is not con-
gruent.

During the orientation interviews, eight stakeholder preferences regarding an interface for an
Automated Medical Reporting system were established. The preferences were built around three
main themes; system status visibility, care provider control, and patient privacy. Each of the eight
user preferences was translated into a design choice and included in a high-fidelity prototype.
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However, translating these expectations into design choices was shown to be difficult since the
interface had to be created from scratch and a variety of choices could be applied. Therefore,
in every design phase, qualitative feedback from users and IT experts was gathered using various
prototypes based on the preoperative screening setting.

The most important finding during the evaluations with medical professionals was the fact
that end users found it hard to imagine working with such a system. "Using an Automated Medical
Reporting system requires a whole other way of working". This made it hard to evaluate design
choices. Therefore, IT specialists were included in the validation phase to obtain more radical
statements too.

8.3. The Interface Design Principles for Automated Medical
Reporting Systems

Since this is the initial phase of designing an interface for such a system, participants proposed
diverse design alternatives. Therefore, specifying interface design principles was challenging.
However, four important themes arose during the evaluation phase: system status visibility, care
provider control, consultation traceability and patient privacy. System status visibility refers to the
way the interface shows that the system is operating. Care provider control concerns the freedom
users have to change things. Consultation traceability, refers to the way the conversation can be
linked to the transcript and the generated report. Lastly, patient privacy refers to the way patient
information is handled. Within these themes, the ten interface design principles for an Automated
Reporting system in healthcare shown in Figure 8.1 can be concluded.

System status visibility
The recording status of the system needs to be indicated according to a timer such that the user
can conduct the consultation without having to worry about this. This is presented directly to the
user, which is in line with the usability heuristics of Nielsen (1994b). However, report generation
feedback cannot be too distracting, since the focus should be on the patient during the consulta-
tion.

Care provider control
Future users all had different preferences about the window size. This was mainly due to the goal
of the AMR system being unclear. Reading the checklist to form questions and completing the
checklist cannot be done in the smaller window. Responsive design would be ideal, however re-
sponsive design represents significant challenges for developers because it depends on shuffling
elements around (Bernacki et al., 2016). This was also stated in the last interview with the de-
veloper who is currently developing the Automated Medical Reporting system for preoperative
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screenings.

A timer needs to indicate the system is recording 
Report generation needs to be indicated by small update dots

The interface window needs to be responsive 
The Automated Medical Reporting system needs to operate without interfering with the functionalities 

Editing during the recording needs to be enabled

Each part of the report needs to be linked to the corresponding part of the transcript 
Additions made by users need to be indicated with color 
The layout of the Automated Medical Reporting system needs to be different from the layout of the 

The possibility of editing the report according to the transcript at a later time needs to be integrated 

The Automated Medical Reporting system needs to work according to privacy regulations 

 System status visibility

Care provider control

       of the Electronic Health Record system 

Consultation traceability 

       Electronic Health Record system

Patient privacy

Figure 8.1: The Ten Interface Design Principles for Automated Medical Reporting

Consultation traceability
The results indicated that future users liked to have the possibility to access generated reports
and corresponding transcripts for a longer period after the consultation has ended. This is in
line with the present working procedure. In the initial stage of the Care2Report business, saving
the transcript and generated reports including the adjustments made by the care provider might
be beneficial to train the system. However, because of the associated privacy issues and the in-
creasing chance of mixing patient data, implementing this feature might not be desirable. When
performing a preoperative screening with the use of an Automated Medical Reporting system,
the working procedure is likely to be changed. Why not change this part of the workflow too?
The resistance to these changes might be declared by the fact that people do not like to change
what they think they know (Duffy, 2003). After the consultation has ended, the screener can up-
load the generated report to the Electronic Health Record system including the transcript. If the
screener wants to add something later on, this can be done within the EHR system. This way,
direct deletion can be facilitated. What even can be incorporated in the Automated Medical Re-
porting system, is the opportunity to re-upload the transcript and the report again, such that easy
editing can be facilitated. Further exploration research into these alternatives needs to be done.

According to the results of the Think Aloud sessions and the focus group, adjustments made
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by the screener within the Automated Medical Reporting system can be indicated with more
than only an italic font. Using different colors to indicate changes was proposed numerous times.
One can argue that colorful interfaces might be more distracting, however appropriate color use
can aid user memory and facilitate the formation of effective mental models according to Taylor
and Murch (Taylor & Murch, 1986; Wright et al., 1997). Further research into colorful interfaces
should be done to establish the best practice on this topic.

Patient privacy
Since future users are already accustomed to handling patient data within the Electronic Health
Record system, privacy concerns about the usage of AMR systems were not mentioned. Users
expressed no resistance as long as the system operates on hospital computers.

8.4. The Comparison of Care2Report Design Principles Over
Time

In the Matrix in Table 8.1 the Care2Report design principles which were proposed in 2020 by
Maas et al., are compared to the interface design principles according to this research. Apart
from the interface design principles regarding the layout and responsiveness, all new principles
correspond to the ones that have been proposed in 2020. The principles on system status visibility
contribute to already proposed Care2Report design principles. The Care2Report design principle
of ’Care provider must check and possibly edit reports’, is expanded with the new principle, since
the possibility of editing has to be enabled during the consultation. Consultation traceability is a
new theme that arose. However almost all principles expand ones that already exist. The design
principle on privacy remains the same. Two principles proposed in 2020 by the Care2Report
team do not match the interface design principles stated according to this research. However,
these guidelines are focused on the operability and generalizability instead of the interface design.
Therefore, this difference is easily explained. These two columns are indicated in grey.
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Table 8.1: The Matrix Comparing the Care2Report Design Principles with the Conclusions of this
Research

No interference with 

current working 

procedures

Simple input 

control of all 

modalities

Report 

generation in 

real time

Complete and 

concise summaries 

of consultations 

Care provider 

must check and 

possibly edit 

reports

System learns 

from 

corrections by 

care provider

Applicable for 

multiple 

healthcare 

discipines

Compliant with 

privacy 

regulations

System status visibility

A timer needs to indicate the system is 

recording
Contributes to

Report generation needs to be 

indicated by small update dots 
Contributes to

Care provider control

The interface window needs to be 

responsive

The Automated Medical Reporting 

system needs to operate without 

interfering with the functionalities of 

the Electronic Health Record system

Contributes to 

Editing during the recording needs to 

be enabled
Expands

Consultation traceability

Each part of the report needs to be 

linked to the corresponding part of 

the transcript

Expands

The layout of the Automated Medical 

Reporting system needs to be 

different from the layout of the 

Electronic Health Record system

Additions made by users need to be 

indicated with color
Expands

The possibility of editing the report 

according to the transcript at a later 

time needs to be integrated

Expands

Patient privacy

The Automated Medical Reporting 

system needs to work according to 

privacy regulations 

Is similar to 

The Care2Report Design Principles (2020)
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8.5. Additional Remarks

The data of end users were gathered during Think Aloud sessions. This method provides good
qualitative data from a small number of test users, but the laboratory environment may influence
test users’ behaviors (Hwang & Salvendy, 2010). Since the evaluation is done with a prototype
in a controlled setting, patients were excluded. The participants were able to fully focus on the
interface without having a conversation with a patient. In further research, it would be interesting
to investigate how the user would interact with the system during a consultation.

Another limitation of the data obtained during the focus group can be the homogeneity of
the background of the participants. All participants were working on a Care2Report project at
the time of participation. The discussions might have been more valuable if a medical special-
ist and/or an Automated Medical Reporting skeptical would have been included. Unfortunately,
medical specialists, were as mentioned before, occupied.

Not only testing the interface during a more realistic setting can be a valuable topic for future
research. The inclusion of hardware can be investigated too. This was already addressed during
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the interviews, however mixed reactions were acquired. Some interviewees stated they would
like to see the microphone on the table. Another interviewee liked it to be integrated into the
computer. How this would affect the intrusiveness of the system might be interesting.

Another interesting aspect of interface design for Automated Medical Reporting systems would
be its design for healthcare departments that require more physical examination or portability.
Whether a mobile application for this situation would be fitting, can be investigated in further
research.

Concluding, medical specialists find it hard to vision their workflow including the usage of an
Automated Medical Reporting system and a lot of individual preferences exist. However, what
could be established is that the interface design of an Interface for Automated Medical Reporting
system should be built around system status visibility, care provider control, consultation trace-
ability and patient privacy.
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Appendix A

The Orientation Interview Guide

Framework Oriëntatie interviews POS
17/04/2023
Versie 2

Bedankt dat u mij de mogelijkheid biedt om kort wat vragen te stellen. Allereerst, ik wil graag
dit gesprek opnemen om het later in rust terug te kunnen luisteren. De informatie verkregen uit
dit interview wordt anoniem verwerkt in mijn onderzoek. Als u hiermee akkoord gaat, zet ik nu
de opname aan. Ter verificatie: mag ik uw naam en een bevestiging dat u akkoord gaat met het
opnemen van dit interview?

Het onderzoek:
Zoals u waarschijnlijk al heeft meegekregen ben ik met een aantal studenten van de
Universiteit Utrecht aan het onderzoeken of we een systeem kunnen ontwikkelen die
screenings automatisch opneemt en samenvat. Jullie werkwijze zou hierdoor uiteindelijk
veranderen, en ik wil graag in kaart brengen wat jullie verwachtingen zijn en hoe zo’n systeem
zo optimaal mogelijk zou werken binnen jullie poli.

1. Werkwijze nu

1.1 Zou u kort de stappen van een gemiddeld fysiek consult kunnen beschrijven?
A. Gebruik je HiX tijdens het consult of alleen ter voorbereiding? Zo ja, welk onderdeel

van het systeem gebruik je dan?

1.2 Hoeveelminuten bent u tijdens en na een gemiddeld consult kwijt aan het invullen van de
vragenlijst en het schrijven van een conclusie?

1.3 Zijn er dingen binnen HiX tijdens een screening die beter kunnen?

1.4 Zijn er dingen binnen HiX tijdens een screening die u goed vindt?

1.5 Wat vindt u verder van de look van HiX?

2. Verwachtingen

2.1 In hoeverre staat u open voor het gebruik van nieuwe systemen op werk?

2.2 Heeft u op werk of thuis weleens gebruik gemaakt van dicteren, spraakherkenning of
dergelijke? Zo ja, wat zijn uw ervaringen?

2.3 Op een schaal van 1-10, hoe technisch vaardig zou u uzelf schatten?

2.4 En hoe technisch vaardig schat u het gemiddelde van alle collega’s op de poli?
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2.5 Als het consult zou worden opgenomen met camera enmicrofoon, hoe zou de setting er
dan volgens u uitzien? Staat er een microfoon op tafel, hangt het aan de muur, zit de
microfoon aan uw kleding, is het duidelijk zichtbaar of juist onzichtbaar etc

2.6 En hoe ziet het op de computer eruit?

3. Interface Care2Report
Het systeem wat nu ontwikkeld wordt, zou bestaan uit software apart van HiX en
opnameapparatuur die is aangesloten aan de werkcomputer. In het stadium waar we nu zijn
zal dit enkel een microfoon zijn. Later kan er ook een camera aan toegevoegd worden. Op het
moment dat het consult start en de patiënt consent heeft gegeven, kan u de opname starten.
Vanaf dat moment is het systeem gelijk bezig met het verwerken van de gesproken woorden
en het filteren van de relevante informatie.

Verwerking
3.1 Voordat het gesprek gestart kan worden, moet de microfoon, eventueel de camera en het
systeem werken. Het kan zijn dat de instellingen nog niet goed staan. Zou u bereid zijn om,
aan de hand van instructies die af te lezen zijn van uw scherm, bijvoorbeeld de microfoon te
resetten?

3.2 Automatisch wordt het consult opgenomen, wordt de vragenlijst ingevuld en de
conclusie gegenereerd. Dit gebeurt tijdens het gesprek. Op het scherm kan worden
bijgehouden wat er al is ingevuld. Zou u dit prettig vinden om te zien, of denkt u dat dit
afleidt?

3.3 Wat zou u ervan vinden als het systeem aangeeft welke onderwerpen van de vragenlijst
nog niet besproken zijn?

3.4 Het kan natuurlijk zijn dat het systeem sommige belangrijke delen van het gesprek niet
goed heeft verwerkt. Zou u dit voor het einde van het gesprek willen zien, zodat er nog een
mogelijkheid is om de patiënt om extra informatie te vragen? Of heeft u het liever als de
patiënt is beëindigd?

3.5 Als het consult is afgelopen, zullen de automatisch gegenereerde antwoorden en
conclusie gecontroleerdmoeten worden. Hoe ziet u dit voor zich?

Integratie met HiX
Het Care2Report systeem staat los van HiX, maar samenwerking tussen die systemen is
natuurlijk essentieel. De komende vragen gaan in op deze samenwerking.

3.6 Jullie starten met het inlezen van het medisch dossier van de patiënt. In veel gevallen
heeft de patiënt ook de gezondheidsvragenlijst ingevuld. Is het voor jullie handig als deze
gezondheidsvragenlijst door het Care2Report systeem overgenomen kan worden?
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3.7 Zou u bereid zijn de ingevulde vragenlijst en conclusie in HiX te laden als dit vanuit het
Care2Report systeem gemakkelijk te doen is?

Toekomst
3.8 Denkt u dat u meer aandacht voor de patiënt kunt hebben als het systeem automatisch
noteert?

3.9 Voordat de ingevulde vragenlijst en de conclusie ingeladen kan worden, moet u de
automatisch gegenereerde antwoorden nakijken en eventueel verbeteren. Hoe ziet u dit voor
zich?

A. Aangezien het systeem gebruik maakt van microfoons zou het checken van de
gegenereerde antwoorden ook door middel van spraak kunnen. Ziet u het voor zich
om de eindconclusie dicterend te verbeteren?

B. Ziet u het dan voor zich om al typend de antwoorden te verbeteren, mocht dit nog
nodig zijn?

84



Interface Design Principles for Automated Medical Reporting Emma Kwint

Appendix B

The Summarized Interview transcripts

 

 

 

 

 

 

 

 

 

 

 

 

v
ra

a
g

n
r

O
n

d
e
rw

e
rp

 I
n

te
rv

ie
w

e
e
 1

In
te

rv
ie

w
e
e
 2

In
te

rv
ie

w
e
e
 3

In
te

rv
ie

w
e
e
 4

1
W

e
rk

w
ij
z
e

1
.1

C
o
n
s
u
lt 

flo
w

s
tr

u
c
tu

u
r:

 v
o
o
rb

e
re

id
e
n
 -

 p
a
ti
e
n
t 
o
p
h
a
le

n
 -

 

in
tr

o
d
u
c
ti
e
 v

a
n
 je

z
e
lf 

- 
in

g
e
vu

ld
e
 v

ra
g
e
n
lij

s
t 

d
o
o
rn

e
m

e
n
 -

 ja
vr

a
g
e
n
 u

it
vr

a
g
e
n
 -

 

c
a
rd

io
p
u
lm

o
n
a
a
l -

 li
c
h
a
m

e
lij

k
 o

n
d
e
rz

o
e
k
 -

 

V
o
o
rb

e
re

id
in

g
 -

 v
a
n
 t
e
vo

re
n
 v

u
l i

k
 a

l h
e
e
l v

e
e
l i

n
 -

 

b
e
g
in

 m
e
t 
vr

a
g
e
n
 o

f 
p
a
ti
e
n
t 
a
l v

ra
g
e
n
 h

e
e
ft

V
o
o
rb

e
re

id
in

g
 -

 a
a
n
d
a
c
h
ts

p
u
n
te

n
 o

p
 e

e
n
 r

ij 

z
e
tt
e
n
 -

 v
ra

g
n
e
lij

s
t 
o
p
e
n
e
n
 e

n
 d

o
o
rl
o
p
e
n
 m

e
t 
d
e
 

p
a
ti
e
n
t 
- 

lic
h
a
m

e
lij

k
 o

n
d
e
rz

o
e
k

S
o
m

m
ig

e
 b

e
la

n
g
ri

jk
e
 d

in
g
e
n
 t
y
p
 i
k
 g

e
lij

k

1
.2

M
in

u
te

n
 t
y
p
e
n

Ik
 k

a
n
 n

ie
t 
b
lin

d
 t
y
p
e
n
. 

C
o
p
y
 p

a
s
te

 v
a
n
 E

P
D

. 

T
ijd

e
n
s
 h

e
t 
c
o
n
s
u
lt 

1
0
%

 v
a
n
 d

e
 t
ijd

 a
a
n
 h

e
t 
ty

p
e
n
. 

N
a
 h

e
t 
c
o
n
s
u
lt 

5
-1

5
 m

in
 b

e
z
ig

 v
o
o
r 

d
e
 a

fr
o
n
d
in

g
 

T
ijd

e
n
s
 h

e
t 
g
e
s
p
re

k
 t
y
p
 i
k
 h

e
e
l w

e
in

ig
, 

a
ls

 h
e
t 
k
a
n
 

h
e
le

m
a
a
l n

ie
t.
 W

e
l k

o
rt

 o
p
 p

a
p
ie

r.
 O

o
k
 o

m
d
a
t 
ik

 

e
e
n
 o

u
d
e
rw

e
ts

te
 t
y
p
e
r 

b
e
n
. 

ik
 t
y
p
 e

n
 p

ra
a
t 
te

g
e
lij

k
, 

d
e
n
k
 5

0
%

M
o
e
ili

jk
 o

m
 t
e
 z

e
g
g
e
n
, 

h
a
n
g
t 
o
o
k
 a

f 
va

n
 d

e
 

c
o
m

p
le

xi
te

it
 v

a
n
 d

e
 p

a
ti
e
n
t.
 B

ij 
e
e
n
 g

e
z
o
n
d
e
 

p
a
ti
e
n
t 
2
-3

 m
in

 t
o
t 
m

a
x 

1
5
 m

in

1
.3

H
ix

 n
e
g
a
ti
e
ve

 p
u
n
te

n
V

e
e
l k

lik
k
e
n
 t
ijd

e
n
s
 z

o
'n

 c
o
n
s
u
lt,

 m
e
d
ic

a
ti
e
 w

o
rd

t 

n
ie

t 
d
ir

e
c
t 
o
ve

rg
e
n
o
m

e
n
, 

b
ij 

d
ru

g
s
 g

ro
te

 

u
it
k
la

p
vr

a
a
g

In
fo

rm
a
ti
e
 o

p
vr

a
g
e
n
 b

ij 
c
a
rd

io
lo

g
e
n
, 

d
a
t 
z
o
u
 

m
is

s
c
h
ie

n
 a

n
d
e
rs

 k
u
n
n
e
n

A
lle

 v
ra

g
e
n
 v

a
n
 d

e
 v

ra
g
e
n
lij

s
t 
k
o
m

e
n
 e

ri
n
 t
e
 

s
ta

a
n
, 

te
rw

ijl
 i
k
 m

a
a
r 

1
5
 v

ra
g
e
n
 e

c
h
t 
b
e
la

n
g
ri

jk
 

vi
n
d
t.
 n

ie
t 
a
lle

 v
ra

g
e
n
 v

a
n
 d

e
 p

a
ti
e
n
tv

ra
g
e
n
lij

s
t 

A
lle

s
 w

a
t 
je

 n
ie

t 
h
o
e
ft
 t
e
 k

lik
k
e
n
 s

c
h
e
e
lt 

ti
jd

 e
n
 

fr
u
s
tr

a
ti
e
, 

fi
jn

e
r 

o
m

 z
o
 t
e
 w

e
rk

e
n
 m

e
t 
IT

1
.4

H
iX

 p
o
s
it
ie

ve
 p

u
n
te

n
S

ta
n
d
a
a
rd

te
k
s
te

n
 (

m
a
g
 n

o
g
 u

it
g
e
b
re

id
e
r)

, 

ve
rw

ijz
in

g
 v

o
o
r 

d
e
 o

p
e
ra

ti
e
 s

ta
a
t 
b
ij 

h
e
t 
ra

p
p
o
rt

 

va
n
 h

e
t 
c
o
n
s
u
lt

S
ta

n
d
a
a
rd

te
k
s
te

n
 (

n
u
c
h
te

rb
e
le

id
),

 d
a
t 
s
c
h
e
e
lt.

 

T
a
b
b
la

d
e
n
 z

ijn
 o

ve
rz

ic
h
te

lij
k
.

ta
b
b
la

d
e
n
 i
s
 g

o
e
d
 v

o
o
r 

n
a
vi

g
e
re

n
, 

o
ve

rz
ic

h
te

lij
k
 

va
n
 v

e
rs

c
h
ill

e
n
d
e
 a

fd
e
lin

g
e
n

D
a
a
r 

w
a
a
r 

w
e
 v

a
a
k
 h

e
tz

e
lfd

e
 n

o
te

re
n
 h

e
b
b
e
n
 w

e
 

s
ta

n
d
a
a
rd

te
k
s
te

n
: 

k
a
n
 m

e
n
 o

o
k
 lu

i 
m

a
k
e
n
. 

S
o
m

m
ig

e
 i
n
fo

rm
a
ti
e
 g

a
a
t 
g
e
s
ta

n
d
a
a
rd

is
e
e
rd

 

o
ve

r,
 d

a
a
r 

h
o
e
f 

je
 a

s
 a

n
e
s
th

e
s
is

t 
n
ik

s
 m

e
e
 m

a
a
r 

1
.5

H
iX

 lo
o
k

H
iX

 o
p
e
n
 t
ijd

e
n
s
 h

e
t 
c
o
n
s
u
lt

2
V

e
rw

a
c
h
ti
n
g
e
n

2
.1

N
ie

u
w

e
 s

y
s
te

m
e
n
 o

p
 w

e
rk

A
lle

e
n
 H

iX
, 

w
a
t 
n
a
tu

u
rl
ijk

 a
l w

e
l v

e
ra

n
d
e
rd

 i
s
. 

N
ie

t 

ie
ts

 e
xt

e
rn

s
.O

rd
e
rs

 z
ijn

 w
e
l v

e
rb

e
te

rd
 b

in
n
e
n
 H

iX
. 

N
ie

t 
ie

ts
 m

e
t 
s
p
ra

a
k
h
e
rk

e
n
n
in

g
.

A
s
is

, 
4
 k

le
u
re

n
 p

e
n
: 

o
ve

rz
ic

h
t 
va

n
 d

e
 O

K
. 

V
e
rd

e
r 

a
lle

e
n
 m

e
t 
H

iX

M
e
ta

 v
is

io
n
 o

p
 d

e
 I

C
 e

rg
e
n
s
 a

n
d
e
rs

, 
k
a
n
 je

 n
ie

t 

ve
rg

e
lij

k
e
n

O
p
 O

K
 e

n
 h

ie
rv

o
o
r 

m
e
t 
m

ir
a
d
o
r,

 m
e
n
 g

u
n
t 
z
ic

h
 

g
e
e
n
 t
ijd

 o
m

 e
e
n
 s

y
s
te

e
m

 g
o
e
d
 t
e
 le

re
n
 k

e
n
n
e
n
. 

M
o
e
t 
in

tu
it
ie

f 
z
ijn

 (
g
e
e
n
 t
ijd

 h
e
b
b
e
n
 o

f 
w

ill
e
n
 

2
.2

S
p
ra

a
k
h
e
rk

e
n
n
in

g
 e

rv
a
ri

n
g

G
e
e
n
 e

rv
a
ri

n
g
 m

e
t 
s
p
ra

a
k
h
e
rk

e
n
n
in

g
Ik

 n
ie

t.
 M

ijn
 s

c
h
o
o
n
z
o
o
n
 h

e
e
ft
 h

e
t

G
e
e
n
 A

p
p
le

, 
vr

ij 
w

e
in

ig
 e

ig
e
n
lij

k
, 

z
it
 t
h
u
is

 e
ig

e
n
ijk

 

s
o
w

ie
s
o
 w

e
in

ig
 a

c
h
te

r 
d
e
 c

o
m

p
u
te

r

2
.3

T
e
c
h
n
is

c
h
 v

a
a
rd

ig
 je

z
e
lf

6
6
. 

M
a
a
r 

h
e
t 
g
a
a
t 
vr

ij 
s
n
e
l. 

H
e
t 
d
e
e
l v

a
n
 H

iX
 w

a
a
r 

ik
 m

e
e
 w

e
rk

, 
d
a
a
r 

k
o
m

 i
k
 w

e
l u

it
. 

J
a
, 

o
n
z
e
 g

e
n
e
ra

ti
e
 i
s
 e

r 
m

e
e
r 

m
e
e
 o

p
g
e
g
ro

e
id

2
.4

T
e
c
h
n
is

c
h
 v

a
a
rd

ig
 d

e
 p

o
li

A
s
s
is

te
n
te

n
 e

n
 a

rt
s
e
n
 z

ijn
 a

lle
m

a
a
l j

o
n
g
e
r.

 

S
c
re

e
n
e
rs

 z
ijn

 w
a
t 
o
u
d
e
r.

 W
is

s
e
le

n
d
 d

u
s
. 

Ik
 d

e
n
k
 v

a
n
 w

e
l. 

D
e
 r

e
s
t 
is

 w
e
l w

a
t 
m

o
e
iz

a
m

e
r.

 T
o
e
n
 H

iX
 k

w
a
m

 

m
o
e
s
t 
ik

 a
ls

 c
o
a
s
s
is

te
n
t 
o
o
k
 h

e
lp

e
n

Z
o
u
 i
k
 g

ra
a
g
 w

ill
e
n
 g

e
n
e
ra

lis
e
re

n
 n

a
a
r 

le
e
ft
ijd

, 

jo
n
g
e
re

 m
e
n
s
e
n
 z

ijn
 w

e
l f

le
xi

b
e
le

r 
o
m

d
a
t 
z
e
 

g
e
w

e
n
d
 z

ijn
 a

a
n
 v

e
ra

n
d
e
ri

n
g
. 

E
n
 lu

ih
e
id

: 
a
ls

 h
e
t 

e
ve

n
 n

ie
t 
w

e
rk

t,
 n

ie
t 
o
p
 z

o
e
k
 n

a
a
r 

z
e
lf 

e
e
n
 

2
.5

S
e
tt
in

g
 m

e
t 
m

ic
ro

fo
o
n

U
it
e
in

d
e
lij

k
 h

o
e
ft
 h

e
t 
n
ie

t 
in

 h
e
t 
z
ic

h
t,
 i
n
 d

e
 

c
o
m

p
u
te

r 
ve

rw
e
rk

t.
 J

u
is

t 
w

e
l f

ijn
 a

ls
 h

e
t 
n
ie

t 
in

 h
e
t 

z
ic

h
t 
is

. 
M

e
t 
d
e
 o

p
n
a
m

e
s
 h

e
e
ft
 n

u
 n

ie
m

a
n
d
 e

r 

Ik
 h

e
b
 n

ie
t 
z
o
ve

e
l l

a
s
t 
va

n
 d

e
 m

ic
ro

fo
o
n
s
 o

p
 t
a
fe

l. 

Ik
 h

e
b
 h

e
t 
g
e
p
ro

b
e
e
rd

 z
o
 n

a
tu

u
rl
ijk

 m
o
g
e
lij

k
 t
e
 

la
te

n
 v

e
rl
o
p
e
n
. 

O
p
 t
a
fe

l i
s
 h

e
t 
m

a
k
k
e
lij

k
s
te

, 
h
o
e
f 

ik
 g

e
e
n
 u

it
le

g
 t
e
 

g
e
ve

n
 w

a
a
r 

h
e
t 
d
a
n
 w

e
l i

s

D
e
n
k
 d

a
t 
je

 e
ra

a
n
 m

o
e
t 
w

e
n
n
e
n
, 

e
e
rs

te
 k

e
e
r 

is
 

m
is

s
c
h
ie

n
 g

e
k
 m

a
a
r 

d
a
a
rn

a
 g

a
a
t 
h
e
t 
va

n
z
e
lf

2
.6

C
2
R

 o
p
 h

e
t 
b
e
e
ld

s
c
h
e
rm

H
e
t 
is

 w
e
l h

a
n
d
ig

 a
ls

 H
iX

 o
o
k
 n

o
g
 z

ic
h
tb

a
a
r 

is
, 

m
is

s
c
h
ie

n
 o

o
k
 m

e
t 
e
e
n
 t
w

e
e
d
e
 s

c
h
e
rm

. 
W

e
l z

ie
n
 

d
a
t 
e
r 

w
a
t 
g
e
b
e
u
rt

H
o
e
ft
 n

ie
t 
b
e
e
ld

vu
lle

n
d
 t
e
 z

ijn
, 

z
ic

h
tb

a
a
r 

d
a
t 
h
e
t 

m
ic

ro
fo

o
n
tje

 w
e
rk

t,
 i
n
 e

e
n
 h

o
e
k
je

. 

H
e
t 
m

o
e
t 
o
p
 d

e
 a

c
h
te

rg
ro

n
d
 d

ra
a
ie

n
 e

n
 s

a
m

e
n
 

k
u
n
n
e
n
 m

e
t 
H

iX

H
iX

 n
o
d
ig

 o
m

 i
n
fo

rm
a
ti
e
 o

p
 t
e
 h

a
le

n
. 

W
e
l f

ijn
 o

m
 

te
 z

ie
n
 d

a
t 
h
ij 

h
e
t 
d
o
e
t.
 K

a
n
 m

e
 v

o
o
rs

te
lle

n
 d

a
t 
h
e
t 

a
fle

id
e
n
d
 i
s
 m

a
a
r 

o
o
k
 d

a
t 
k
a
n
 g

e
w

e
n
n
in

g
 z

ijn
. 

J
a
 

85



Interface Design Principles for Automated Medical Reporting Emma Kwint

 
v
ra

a
g

n
r

O
n

d
e
rw

e
rp

In
te

rv
ie

w
e
e
 1

In
te

rv
ie

w
e
e
 2

In
te

rv
ie

w
e
e
 3

In
te

rv
ie

w
e
e
 4

3
In

te
rf

a
c
e
 C

a
re

2
R

e
p
o
rt

V
e
rw

e
rk

in
g

3
.1

In
s
tr

u
c
tie

s
J
a
, 

m
ic

ro
fo

o
n
 r

e
s
e
tt
e
n
 k

a
n
 i
k
 a

ls
 e

r 
w

o
rd

t 

a
a
n
g
e
g
e
ve

n
 h

o
e
 d

a
t 
m

o
e
t.
 O

f 
to

c
h
 e

e
n
 b

a
c
k
u
p
 

d
ie

 je
 k

a
n
 b

e
lle

n

J
a
 d

a
t 
m

o
e
t 
lu

k
k
e
n
. 

B
ij 

d
e
 c

o
m

p
u
te

r 
z
e
lf 

c
h
e
c
k
 i
k
 

o
o
k
 w

e
l e

e
n
s
 z

e
lf 

a
ls

 h
e
t 
h
e
t 
e
ve

n
 n

ie
t 
d
o
e
t.
 

J
a
 p

ri
m

a
, 

w
a
a
rs

c
h
ijn

lij
k
 z

a
l i

k
 z

e
lf 

o
o
k
 d

e
 b

a
s
ic

s
 

p
ro

b
e
re

n
 (

a
a
n
 e

n
 u

it 
z
e
tt
e
n
)

D
a
t 
is

 f
ijn

! 
D

a
t 
d
e
 c

o
m

p
u
te

r 
z
e
g
t 
w

a
t 
je

 m
o
e
t 

d
o
e
n

3
.2

A
u
to

m
a
tis

c
h
 i
n
vu

lle
n
 o

p
 h

e
t 

s
c
h
e
rm

L
a
s
tig

, 
a
a
n
 d

e
 e

n
e
 k

a
n
t 
g
ra

a
g
 f

e
e
d
b
a
c
k
 d

a
t 
h
e
t 

b
e
z
ig

 i
s
. 

J
e
 h

o
e
ft
 e

r 
o
o
k
 n

ie
t 
d
e
 h

e
le

 t
ijd

 n
a
a
r 

te
 

k
ijk

e
n
. 

J
a
 f

e
e
d
b
a
c
k
 m

a
a
r 

n
ie

t 
te

 g
ro

o
t

Ik
 d

e
n
k
 d

a
t 
ik

 d
a
a
r 

n
ie

t 
n
a
a
r 

k
ijk

 a
ls

 h
e
t 
g
o
e
d
 

w
e
rk

t.
 A

c
h
te

ra
f 

z
o
u
 i
k
 h

e
t 
p
a
s
 c

h
e
c
k
e
n
. 

Ik
 w

il 
w

e
l 

z
ie

n
 d

a
t 
ie

 u
b
e
rh

a
u
p
t 
w

a
t 
in

vu
lt.

 V
o
o
r 

m
ijn

 

w
e
rk

w
ijz

e
 v

e
ra

n
d
e
rt

 h
e
t 
w

e
l a

a
n
 d

e
 v

o
o
rb

e
re

id
in

g

A
lle

e
n
 m

is
c
ro

fo
o
n
 f

e
e
d
b
a
c
k
, 

n
ie

t 
te

ve
e
l w

is
s
e
le

n
 

tu
s
s
e
n
 t
a
b
b
a
d
e
n

H
e
t 
is

 w
e
l f

ijn
 o

m
 t
e
 z

ie
n
 w

a
t 
tr

a
n
s
c
ri

p
t 
is

 e
n
 w

a
t 

va
n
 jo

u
 i
s
 

3
.3

A
a
n
g
e
ve

n
 w

e
lk

e
 o

n
d
e
rw

e
rp

e
n
 

n
ie

t 
b
e
s
p
ro

k
e
n
 z

ijn

J
a
, 

vo
o
r 

je
z
e
lf 

w
e
l h

a
n
d
ig

. 
W

e
g
k
lik

k
e
n
 a

ls
 je

 e
r 

b
e
w

u
s
t 
ie

ts
 h

e
b
t 
o
ve

rg
e
s
la

g
e
n
. 

E
r 

z
ijn

 o
o
k
 b

e
w

u
s
t 
vr

a
g
e
n
 d

ie
 je

 o
p
e
n
la

a
t.

J
a
 m

e
t 
b
o
lle

tje
s
 b

ijv
 a

a
n
g
e
ve

n
 e

n
 d

a
t 
je

 d
a
t 

m
a
k
k
e
lij

k
 k

a
n
 o

ve
rr

u
le

n
. 

J
e
 m

o
e
t 
h
e
t 
to

c
h
 

c
o
n
tr

o
le

re
n

S
o
m

s
 h

o
e
f 

je
 d

in
g
e
n
 n

ie
t 
te

 b
e
s
p
re

k
e
n
 e

n
 d

a
n
 i
s
 

h
e
t 
n
ie

t 
fi
jn

, 
a
a
n
 d

e
 a

n
d
e
re

 k
a
n
t 
ve

rg
e
te

n
 w

e
 o

o
k
 

w
e
l e

e
n
s
. 

H
e
t 
h
a
n
g
t 
a
f 

va
n
 d

e
 b

a
la

n
s

3
.4

A
a
n
g
e
ve

n
 w

e
lk

e
 o

n
d
e
rw

e
rp

e
n
 

n
ie

t 
ve

rw
e
rk

t 
z
ijn

J
a
 i
k
 d

e
n
k
 d

a
t 
d
a
t 
s
o
w

ie
s
o
 w

e
l g

o
e
d
 i
s
, 

je
 m

o
e
t 

a
lti

jd
 e

ve
n
 k

ijk
e
n
 o

f 
h
e
t 
w

e
l k

lo
p
t.
 

S
im

p
e
l w

e
g
k
lik

k
e
n
 g

a
a
t 
m

e
n
s
e
n
 a

l i
rr

ite
re

n
. 

S
lim

 

e
rm

e
e
 o

m
g
a
a
n
: 

b
e
la

n
g
ri

jk
e
 o

n
d
e
rw

e
rp

e
n
 w

e
l 

h
ie

ri
n
 i
n
c
lu

d
e
re

n
. 

A
lle

e
n
 n

u
c
h
te

rb
e
le

id
, 

ve
rd

e
r 

z
ijn

 e
r 

h
e
e
l v

e
e
l d

in
g
e
n
 w

a
a
r 

e
e
n
 v

a
ri

a
b
e
le

 

tu
s
s
e
n
z
it

3
.5

A
n
tw

o
o
rd

e
n
 c

o
n
tr

o
le

re
n

V
o
o
ra

l i
n
 d

e
 b

e
g
in

fa
s
e
, 

ve
rt

ro
u
w

e
n
 i
n
 h

e
t 

s
y
s
te

e
m

 k
ri

jg
e
n
. 

W
a
a
r 

d
e
 p

a
tie

n
t 
n
o
g
 b

ijz
it.

 J
e
 

w
in

t 
o
o
k
 t
ijd

 d
o
o
rd

a
t 
je

 t
u
s
s
e
n
d
o
o
r 

n
ie

t 
h
o
e
ft
 t
e
 

ty
p
e
n
. 

In
 e

e
rs

te
 i
n
s
ta

n
tie

 z
o
u
 i
k
 d

e
 p

a
tie

n
t 
n
o
g
 w

e
l e

ve
n
 

la
te

n
 w

a
c
h
te

n
 m

e
t 
d
e
 p

a
tie

n
t 
n
a
a
r 

h
u
is

 s
tu

re
n
. 

E
e
rs

t 
s
a
m

e
n
 h

e
t 
ra

p
p
o
rt

 c
h
e
c
k
e
n

J
a
, 

m
e
t 
d
e
 p

a
tie

n
t 
e
rb

ij 
A

lle
s
 w

a
t 
e
r 

a
a
n
 t
e
k
s
t 
s
ta

a
t 
w

a
a
r 

je
 e

ig
e
n
lij

k
 n

ie
t 

n
a
a
r 

h
o
e
ft
 t
e
 k

ijk
e
n
 le

id
t 
a
f 

va
n
 d

in
g
e
n
 d

ie
 w

e
l 

b
e
la

n
g
ri

jk
 z

ijn
. 

W
e
g
la

te
n
 d

u
s
. 

M
e
n
s
e
n
 i
rr

ite
re

n
 

z
ic

h
 e

c
h
t 
a
a
n
 d

in
g
e
n
 d

ie
 e

r 
n
ie

t 
to

e
 d

o
e
n

In
te

rg
ra

ti
e
 m

e
t 

H
iX

3
.6

G
e
z
o
n
d
h
e
id

s
vr

a
g
e
n
lij

s
t

D
e
 v

ra
g
e
n
lij

s
t 
in

la
d
e
n
, 

g
e
e
ft
 a

l e
e
n
 b

e
e
ld

. 
W

o
rd

t 

n
u
 n

a
tu

u
rl
ijk

 o
o
k
 g

e
d
a
a
n
. 

Ik
 d

e
n
k
 d

a
t 
d
a
t 
w

e
l h

e
lp

t.
 O

o
k
 v

o
o
r 

ju
lli

e
, 

d
a
n
 i
s
 e

r 

a
l h

e
e
l v

e
e
l b

e
k
e
n
d
. 

O
o
k
 d

a
a
ri

n
 v

e
ra

n
d
e
r 

je
 o

o
k
 

n
o
g
 w

e
l e

e
n
s
 w

a
t 
d
o
o
r 

m
id

d
e
l v

a
n
 e

e
n
 t
o
e
lic

h
tin

g
 

Ik
 d

e
n
k
 d

a
t 
d
a
t 
w

e
l h

a
n
d
ig

 i
s
, 

b
e
n
 je

 t
o
c
h
 w

e
e
r 

d
u
b
b
e
l i

n
fo

rm
a
tie

 a
a
n
 h

e
t 
in

w
in

n
e
n
. 

M
is

s
c
h
ie

n
 

vr
a
a
g
 je

 h
e
t 
n
ie

t 
o
m

d
a
t 
h
e
t 
a
l b

e
k
e
n
d
 i
s

D
e
n
k
 d

a
t 
d
a
t 
vo

o
ra

l v
o
o
r 

h
e
t 
s
y
s
te

e
m

 h
a
n
d
ig

 i
s
. 

V
o
o
r 

h
e
t 
ra

p
p
o
rt

 w
a
t 
e
ru

it 
k
o
m

t 
m

a
a
k
t 
d
a
t 
h
e
t 
o
o
k
 

o
ve

rz
ic

h
te

lij
k
e
r

3
.7

H
iX

 i
n
la

d
e
n

M
e
t 
e
e
n
 k

n
o
p
 t
e
ru

g
la

d
e
n
. 

D
a
t 
z
o
u
 w

e
l i

d
e
a
a
l z

ijn
J
a
 a

c
c
o
d
e
e
rt

 e
n
 n

a
a
r 

H
iX

 s
tu

re
n
. 

D
a
a
rn

a
 m

o
e
t 
je

 

n
o
g
 e

e
n
 b

ri
e
f 

g
e
n
e
re

re
n
 i
n
 H

iX
 d

u
s
 d

a
t 
is

 d
a
n
 

w
e
l e

xt
ra

 w
e
rk

E
xp

o
rt

e
e
r 

k
n
o
p
 ja

. 
A

n
d
e
rs

 m
o
e
t 
je

 k
o
p
ië

re
n
 

p
la

k
k
e
n
. 

E
n
 w

a
a
r 

g
a
 je

 d
a
ta

 o
p
z
e
tt
e
n
. 

D
e
n
k
 a

a
n
 

A
V

G
, 

m
a
a
r 

je
 b

e
n
t 
o
o
k
 a

a
n
 h

e
t 
tr

a
n
s
c
ri

b
e
re

n
 

n
a
tu

u
rl
ijk

T
o

e
k
o

m
s
t

3
.8

A
a
n
d
a
c
h
t 
vo

o
r 

d
e
 p

a
tie

n
t

H
e
t 
s
c
h
e
e
lt 

n
a
tu

u
rl
ijk

 w
e
l. 

Z
e
k
e
r 

b
ij 

d
e
 c

o
m

p
le

xe
re

 

p
a
tie

n
te

n
. 

Q
u
a
 c

o
m

m
u
n
ic

a
tie

 w
e
l p

re
tt
ig

e
r.

 

A
s
o
c
ia

a
l a

ls
 je

 z
o
ve

e
l o

p
 d

e
 c

o
m

p
u
te

r 
z
it

N
u
 d

o
e
 i
k
 d

a
t 
o
o
k
 a

l w
e
l, 

h
e
t 
m

o
m

e
n
t 
vo

o
r 

d
e
 

p
a
tie

n
t 
p
ro

b
e
e
r 

ik
 o

o
k
 z

o
 k

w
a
lit

a
tie

f 
m

o
g
e
lij

k
 t
e
 

z
ijn

. 
V

o
o
r 

m
ij 

is
 d

e
 w

in
s
t 
m

e
e
r 

in
 h

e
t 

a
d
m

in
is

tr
a
tie

ve
 d

e
e
l. 

D
a
n
 k

a
n
 i
k
 s

n
e
lle

r 
d
e
 

n
ie

u
w

e
 p

a
tie

n
t 
o
p
h
a
le

n

E
r 

z
ijn

 o
o
k
 d

in
g
e
n
 d

ie
 m

e
e
r 

tij
d
 g

a
a
n
 k

o
s
te

n
, 

m
a
a
r 

je
 w

in
t 
n
a
tu

u
rl
ijk

 o
o
k
 t
ijd

. 
Ik

 d
e
n
k
 d

a
t 
je

 d
a
n
 

w
a
t 
ru

s
tig

e
r 

g
a
a
t 
z
itt

e
n
, 

m
a
a
r 

h
e
b
 w

e
l h

e
t 
g
e
vo

e
l 

d
a
t 
ik

 d
a
t 
n
u
 o

o
k
 a

l d
o
e
. 

H
e
t 
e
n
ig

e
 s

tu
k
je

 w
a
t 
d
a
n
 

w
e
g
va

lt 
is

 w
a
t 
ik

 d
a
n
 d

o
e
: 

m
o
m

e
n
tje

 i
k
 m

o
e
t 
h
e
e
l 

e
ve

n
 w

a
t 
ty

p
e
n
 

H
e
t 
s
c
h
e
e
lt,

 m
e
e
r 

re
g
is

tr
a
tie

tij
d
, 

d
u
s
 d

a
n
 h

e
b
 je

 

o
o
k
 m

e
e
r 

tij
d
 o

ve
r.

 C
o
n
s
u
lt 

b
e
s
ta

a
t 
u
it 

e
e
n
 

m
e
d
is

c
h
 e

n
 s

o
c
ia

a
l d

e
e
l. 

A
ls

 je
 m

e
e
r 

tij
d
 h

e
b
t 
d
o
e
 

je
 m

a
k
k
e
lij

k
e
r 

d
a
t 
s
o
c
ia

le
 d

e
e
l 

3
.9

C
o
n
tr

o
le

re
n
 d

m
v 

d
ic

te
re

n
E

e
rs

t 
e
ve

n
 v

e
rt

ro
u
w

e
n
 i
n
 k

ri
jg

e
n
, 

a
ls

 h
e
t 
g
o
e
d
 

w
e
rk

t 
d
a
n
 o

m
 i
e
ts

 t
o
e
 t
e
 v

o
e
g
e
n
. 

O
p
 z

ic
h
 i
s
 d

a
t 
w

e
l s

n
e
l e

n
 m

a
k
k
e
lij

k
, 

z
e
k
e
r 

m
e
t 

h
e
t 
o
u
d
e
rw

e
ts

e
 g

e
ty

p
 v

a
n
 m

ij.
 

L
ig

t 
e
ra

a
n
 h

o
e
 m

a
k
k
e
lij

k
 h

e
t 
is

, 
a
ls

 je
 e

r 
g
e
w

e
n
d
 

m
e
e
 b

e
n
t 
d
a
t 
je

 d
a
t 
in

d
e
rd

a
a
d
 g

a
a
t 
d
o
e
n

D
ic

te
re

n
 i
s
 w

e
l i

e
ts

 w
a
t 
je

 m
o
e
t 
le

re
n
, 

is
 b

e
s
t 

m
o
e
ili

jk
. 

Ik
 w

e
e
t 
n
ie

t 
o
f 

d
a
t 
h
a
n
d
ig

e
r 

is
 o

f 
n
ie

t.
 

D
a
t 
d
e
 m

o
g
e
lij

k
h
e
id

 e
r 

is
 z

o
u
 w

e
l f

ijn
 z

ijn
. 

E
ff

ic
ie

n
t 
a
ls

 e
r 

k
le

in
e
 t
ra

n
s
c
ri

p
tie

 f
o
u
te

n
 

u
itg

e
h
a
a
ld

 k
u
n
n
e
n
 w

o
rd

e
n
. 

N
ie

t 
a
ls

 je
 e

e
rs

t 
w

il 

n
a
d
e
n
k
e
n
 h

o
e
 je

 h
e
t 
w

ilt
 f

o
rm

u
le

re
n
. 

E
n
 li

g
t 
a
a
n
 

h
o
e
 je

 z
e
lf 

b
e
n
t 
in

g
e
s
te

ld
 a

ls
 p

e
rs

o
o
n
. 

86



Interface Design Principles for Automated Medical Reporting Emma Kwint

Appendix C

The Digital Wireframes

 

1. Microphone connection is lost 

 

 

 

 

2. Instructions for solving microphone issues are shown 
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3. Microphone connection is solved 

 

 

 

 

4. The recording has started 
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5. The system is recording and generates a report automatically  
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Appendix D

The Wireframe Sketches

 

 

 

 

 

 

 

 

 

 

 

 

Integration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  Home screen          Start new recording 
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       Microphone is not connected               Upload patient survey 

 

 

 

 

 

 

 

 

     

 

 

 

               System is recording     Check report 

91



Interface Design Principles for Automated Medical Reporting Emma Kwint

 

 

 

 

 

 

 

 

 

 

 

 

Check report including transcript      Approve report  

 

 

 

 

 

 

 

 

 

 

 

 

              Saved recordings                 Help 
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Appendix E

The Interactive Prototype

Care2Report

Nieuwe opname Help

Nieuwe opname
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Care2Report

Hoe los ik 
dit op

is niet gereed

Nieuwe opname Help

 Start de microfoon opnieuw op door lang op de 
aan/uit knop te drukken

 Trek het draadje tussen de computer en de 
ontvanger eruit. Doe het draadje er vervolgens 
ook weer aan beide kanten in. 

Er zijn een paar dingen die je kunt doen:

BevestigenAnnuleren

Er is geen verbinding met de microfoon
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Care2Report

Nieuwe opname Help

Start opname zonder GVL

is gereed

Of

GVL inladen

FHIR File05-06-2023 11:35 ...GVL_123456
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Care2Report

Nieuwe opname Help

Start opname

is gereed

GVL_123456.FHIR

Care2Report

Pauzeer opname Stop opname

GVL Anamnese Relevante gegevens

voor de afdeling

Lichamelijk 

onderzoek

Aanvullende

Onderzoeken Conclusie

0

1

2

3

4

5

6

0

1

2

3

4

5

6

0

1

2

3

4

5

6

7

8

9

0

:
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Care2Report

Hervat opname Stop opname

GVL Anamnese Relevante gegevens

voor de afdeling

Lichamelijk 

onderzoek

Aanvullende

Onderzoeken Conclusie

1:30

BevestigenAnnuleren


Weet je zeker dat je de opname wilt stoppen?
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Nieuwe opname HelpTerug Rapport Controleren

Het transcript 

0001.02 -- 0003.82 SPEAKER_00: Goedemorgen, ik ben dokter <PERSOON-1>, anesthesioloog.


0004.56 -- 0009.56 SPEAKER_00: U bent hier vandaag op de anesthesiepoli voor de geplande operatie.


0009.56 -- 0014.56 SPEAKER_00: Voordat we gaan beginnen, kunt u ter controle nog een keer uw naam en je 
geboortedatum zeggen?


0014.96 -- 0019.56 SPEAKER_01: <PERSOON-2>, geboortedatum <DATUM-1>.


0019.56 -- 0021.96 SPEAKER_01: En welke operatie gaat u vereigen strakjes?


0021.96 -- 0023.96 SPEAKER_01: Galstenen worden verwijderd.


0024.22 -- 0027.02 SPEAKER_00: Heel goed, dat heb ik hier ook in de computer staan.


0027.02 -- 0030.62 SPEAKER_00: En u bent hier, omdat we dat gaan doen onder narcose.


0030.62 -- 0032.54 SPEAKER_00: En wij willen weten of u gezond bent...


0032.54 -- 0035.54 SPEAKER_00: en aan de andere kant willen we ook uitleggen wat er gaat gebeuren.


0035.54 -- 0038.34 SPEAKER_00: Dus om te beginnen met de gezondheidsvragenlijst die u heeft ingevuld...


0038.34 -- 0043.34 SPEAKER_00: die heb ik doorgelezen en er waren een paar dingen die me opvielen.


0043.34 -- 0046.42 SPEAKER_00: U was nog nooit eerder geopereerd, klopt? -Nee, klopt.


0046.42 -- 0049.06 SPEAKER_00: En ik las makkelijk wagenziek...


0049.06 -- 0052.02 SPEAKER_00: en mensen in de familie die snel misselijk werden.


0052.10 -- 0057.10 SPEAKER_01: Ja, dat klopt. Na operaties of in de auto.


0057.72 -- 0062.32 SPEAKER_00: Dan kan ik me voorstellen dat je zelf ook zorgen maakt dat je makkelijk 
mislukt wordt.


0062.55 -- 0065.27 SPEAKER_01: Ja, ik heb zelf ook wel snellast van, dus...


0067.80 -- 0069.80 SPEAKER_01: Ja, daar ben ik wel een beetje bang voor.


0069.89 -- 0074.89 SPEAKER_00: Zullen we dan in ieder geval afspreken tijdens de narcose dat we je alles 
gaan geven voor de misselijkheid dat we hebben?


0074.89 -- 0075.39 SPEAKER_00: Ja.


0075.39 -- 0076.89 SPEAKER_00: Dan hebben wij in ieder geval alles gedaan.


0076.89 -- 0081.89 SPEAKER_00: En als je lijf dan nog misselijk wordt, dan kunnen wij er niks meer aan doen.


0081.89 -- 0083.89 SPEAKER_00: Maar dan hebben wij alles gedaan voor jou wat we kunnen.


0083.89 -- 0084.39 SPEAKER_00: Ja.


0084.06 -- 0086.06 SPEAKER_01: Ja, populair ontwikkeld.


0084.39 -- 0085.39 SPEAKER_00: Dat beloof ik.


0085.39 -- 0086.89 SPEAKER_00: Dat lijkt me fijn. Ja, klinkt goed.


0086.89 -- 0091.89 SPEAKER_00: En verder vulde je in de vragenlijsten in dat je last hebt van een hoge 
bloeddruk.


0091.89 -- 0092.89 SPEAKER_00: Vertel deze.


0092.94 -- 0103.42 SPEAKER_01: Klopt, ja ik las van maar krijg ik wel medicijnen voor <DATUM-2> en dat 
houdt me in.


0103.45 -- 0104.45 SPEAKER_00: Dat is wel goed.


0104.45 -- 0108.45 SPEAKER_00: Wanneer ben je voor het laatst bij de huisarts geweest om de bloeddruk te 
controleren?


0108.50 -- 0112.10 SPEAKER_01: Ik denk iets van <DATUM-3> maanden geleden.


0112.18 -- 0114.50 SPEAKER_00: En weet je nog hoe hoog die toen was ongeveer?


0115.11 -- 0117.11 SPEAKER_01: Nee, weet niet echt waarom.


0117.80 -- 0122.40 SPEAKER_00: Nou, dan gaan we hem nu zo meten. Was de huisarts dus in ieder geval 
tevreden?


0122.40 -- 0124.16 SPEAKER_00: Ja, ja, dat ook.


0124.16 -- 0129.92 SPEAKER_00: En was ik nog even nieuwsgierig, kun je je goed inspannen, zoals fietsen, 
trappen lopen?


0129.95 -- 0134.95 SPEAKER_01: Ja wel, maar wel snel ook last van mijn buik dan.


0135.36 -- 0137.36 SPEAKER_00: Oké, en sporten doe je dat nog?


0138.01 -- 0140.01 SPEAKER_01: Ja, twee keer per week.


0140.48 -- 0142.48 SPEAKER_01: Dan ga ik een stukje hardlopen.


0143.45 -- 0155.85 SPEAKER_00: En heb je ooit weleens klachten van je hart gehad, zoals pijn op de borst, 
hartkloppingen, benauwdheid of kortademigheid, flauwvallen?


0155.85 -- 0156.85 SPEAKER_00: Nee.


0156.85 -- 0159.77 SPEAKER_00: Je had in de vragenlijst ook ingevuld dat je nooit iets aan je longen had.


0161.01 -- 0163.61 SPEAKER_00: Dat klopt, niet een auto verkorten hadden mag.


0163.61 -- 0164.61 SPEAKER_00: Nee.


0164.61 -- 0168.73 SPEAKER_00: Verder zie ik een heleboel in de vragenlijst wat met nee is ingevuld.


0168.73 -- 0173.29 SPEAKER_00: Zijn er nog dingen die niet in de vragenlijst stonden waarvan je zegt, die zijn 
nog wel


0173.29 -- 0174.53 SPEAKER_00: van belang om te weten?


0177.09 -- 0182.61 SPEAKER_01: Dat ik de narcose ook wel spannend vind, de operatie zelf, dat ik er wel 
tegenop zie.


0184.69 -- 0186.69 SPEAKER_00: Dat is de eerste keer? -Ja.


0185.62 -- 0187.62 SPEAKER_01: Ja, dat is goed.


0186.69 -- 0190.17 SPEAKER_00: Zal ik je dan gaan vertellen, stapje voor stapje, wat er gaat gebeuren?


0190.17 -- 0194.29 SPEAKER_00: Ja, dat lijkt me goed. -Nou, het begint bij jou.


0192.13 -- 0193.13 SPEAKER_01: Het begint bij jou.


0194.29 -- 0199.01 SPEAKER_00: Het betekent dat je nuchter moet zijn, dat je zes uur tevoren niet meer mag 
eten.


0199.01 -- 0201.85 SPEAKER_00: Je mag nog wel tot aan de licheep blijven drinken.


0201.85 -- 0206.13 SPEAKER_00: Water, thee en aanmaaklimonade. Doe dat vooral ook.


0206.13 -- 0208.37 SPEAKER_00: Want dat kan ook een beetje schelen voor de misselijkheid.


0208.37 -- 0210.13 SPEAKER_00: Soms, als je heel lang niet gegeten en gedronken hebt...


0210.13 -- 0213.29 SPEAKER_00: kun je een beetje appelig en haast misselijk voelen in je buik.


0213.45 -- 0217.13 SPEAKER_00: Dus niet meer eten, maar nog wel dus blijven drinken.


0217.13 -- 0221.57 SPEAKER_00: En je medicijnen voor de bloeddruk mag je gewoon innemen...


0221.57 -- 0223.97 SPEAKER_00: op de tijd dat je altijd zou doen.


0223.97 -- 0227.21 SPEAKER_00: En wanneer je dan aan de beurt bent, krijg je een operatiejasje aan...


0227.21 -- 0229.49 SPEAKER_00: op de verpleegafdeling, je komt bij ons.


0229.49 -- 0232.49 SPEAKER_00: We geven je een infuus in je arm.


0232.49 -- 0238.57 SPEAKER_00: We gaan je hartslag, je bloeddruk meten met plakkertjes en kabeltjes.


0238.57 -- 0240.61 SPEAKER_00: Dan krijg je van ons een kapje met zuurstof...


0240.77 -- 0244.01 SPEAKER_00: om te zorgen dat je longen goed vol met zuurstof komen.


0244.01 -- 0246.49 SPEAKER_00: En dan maak je via het infuus in slaap.


0246.49 -- 0250.53 SPEAKER_00: Als je slaapt, ga je van ons een beademingsbuisje krijgen.


0250.53 -- 0253.49 SPEAKER_00: Omdat iedereen die narcose krijgt, stopt met te ademen...


0253.49 -- 0255.65 SPEAKER_00: die heeft dus een beademingsbuisje nodig.


0255.65 -- 0258.25 SPEAKER_00: Daar merk je niks van, omdat je dan al slaapt.


0258.25 -- 0261.73 SPEAKER_00: Maar als je wakker wordt, kan het zijn dat je wat keelpijn of heisheid hebt.


0261.73 -- 0265.45 SPEAKER_00: En die gaat dan vanzelf over in de loop van één of twee dagen.


0266.65 -- 0269.43 SPEAKER_00: Als jij lekker slaapt, mag de chirurg gaan opereren.


0269.43 -- 0271.43 SPEAKER_00: Is alles klaar, dan maak je je weer wakker.


0271.43 -- 0273.43 SPEAKER_00: Dan ga je naar de uitslaapkamer.


0273.43 -- 0276.09 SPEAKER_00: Op de uitslaapkamer hou je je nog goed in de gaten.


0276.09 -- 0278.09 SPEAKER_00: Kijken hoe het is qua pijn.


0278.09 -- 0280.09 SPEAKER_00: Als je pijn hebt, krijg je extra medicijnen.


0280.09 -- 0282.09 SPEAKER_00: Dan gaan we kijken hoe het is qua misselijkheid.


0282.09 -- 0285.73 SPEAKER_00: Daar hadden we je al alles voor gegeven, maar blijf je nog goed in de gaten 
houden.


0285.73 -- 0288.73 SPEAKER_00: En gaat alles goed, mag je naar de verpleegafdeling.


0290.34 -- 0292.82 SPEAKER_00: Heb je daar nog vragen over of dingen die je nog wil weten?


0294.95 -- 0298.95 SPEAKER_01: Nee, ik denk het niet. Het klinkt wel, je hebt het duidelijk uitgelegd.


0300.81 -- 0311.29 SPEAKER_00: Nog een paar aandachtspuntjes voor jou, stel dat je nou ziek wordt in de 
tussentijd, laat het ons weten, want een operatie is een inspanning voor je lichaam, dus dat wil je alleen 
doen als je zo gezond mogelijk bent.


0311.29 -- 0316.33 SPEAKER_00: Dus als je verkouden wordt, je wordt ziek, er gebeurt iets anders in je 
gezondheid, neem contact met ons op.


0316.33 -- 0319.85 SPEAKER_00: Nuchten hadden we al besproken.


0319.85 -- 0321.85 SPEAKER_00: En...


0326.93 -- 0330.13 SPEAKER_00: Oké, dan gaan we dat uit. Nuchter hadden we al besproken.


0330.13 -- 0334.89 SPEAKER_00: Als er verder nog bijzonderheden zijn, neem contact met ons af.


0334.89 -- 0339.25 SPEAKER_00: En ik ga nog even een brief voor je maken waarin staat wat we allemaal 
hebben afgesproken.


0339.25 -- 0341.25 SPEAKER_00: Dus dit stukje over...


0342.45 -- 0347.21 SPEAKER_00: Dat je al geen anarkose krijgt, dat je nuchter moet zijn, wat je moet doen 
met je medicijnen,


0347.21 -- 0348.89 SPEAKER_00: wat je moet doen als je ziek bent.


0348.89 -- 0351.25 SPEAKER_00: We denken net nog dat ik één ding ben vergeten.


0351.25 -- 0355.25 SPEAKER_00: <PERSOON-3> dat er nou iets geks gebeurt tijdens de operatie en de 
chirurg maakt een bloeding


0355.25 -- 0358.69 SPEAKER_00: en ik vind dat je een bloedtransfusie nodig hebt voor je gezondheid.


0358.69 -- 0360.69 SPEAKER_00: Heb je daar dan bezwaar tegen?


0360.69 -- 0361.69 SPEAKER_00: Nee.


0361.69 -- 0365.49 SPEAKER_00: Verwacht ik absoluut niet, maar het is een vraag die we letterlijk bij 
iedereen moeten vragen.


0365.49 -- 0366.49 SPEAKER_00: Ja, oké.


0367.46 -- 0369.46 SPEAKER_00: Heb je dan nog andere vragen?


0371.80 -- 0373.80 SPEAKER_01: Hoe laat van tevoren moet ik dan aanwezig zijn?


0373.94 -- 0378.24 SPEAKER_00: Dan krijg je een brief van het opnamebureau.


0378.24 -- 0380.24 SPEAKER_00: Daar gaan we helaas niet over.


0380.24 -- 0382.24 SPEAKER_00: Nee, oké, dat snap ik.


0382.82 -- 0386.98 SPEAKER_00: Nou, dan loop ik met je mee naar buiten en dan zal ik je de brief geven.


Klaar

GVL
Anamnese Relevante gegevens


voor de afdeling
Lichamelijk 

onderzoek

Aanvullende

Onderzoeken Conclusie

Care2Report

BevestigenAnnuleren



Is het rapport correct en compleet?

BevestigenAnnuleren



Na het exporteren wordt de opname en het 
gegenereerde rapport automatisch verwijderd.


Wil je doorgaan? 
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Rapport_123456



.FHIR

Opslaan

Care2Report

Start nieuwe opname

De screening is succesvol afgerond.


Je kan nu het programma sluiten of een nieuwe opname starten. 

Nieuwe opname Help

BevestigenAnnuleren


Weet je zeker dat je een nieuwe opname wilt starten?

De huidige opname gaat dan verloren. 
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Care2Report

Nieuwe opname Help

Informatie over de microfoon
 De set heeft een ontvanger en 2 microfoons.
 De ontvanger heeft een klein scherm en is met een 

draadje verbonden aan de computer
 De 2 microfoons zijn met bluetooth verbonden aan de 

ontvanger
 De microfoons en de ontvanger moeten worden 

opgeladen.

Technische vragen
 Bel het volgende nummer voor technische hulp: 

0123456789

Informatie over Care2Report
 Real time rapport genereren om het administratief werk 

te verminderen en de sociale aspect van een consult te 
verbeteren

 Meer informatie

Terug
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Appendix F

The Think Aloud Guide

Framework Think Aloud
31/05/2023
Versie 1

Bedankt dat u mij de mogelijkheid biedt om het prototype te evalueren. Allereerst, ik wil graag
deze evaluatie opnemen om het later in rust terug te kunnen luisteren. De informatie verkregen
uit deze evaluatie wordt anoniem verwerkt in mijn onderzoek. Als u hiermee akkoord gaat, zet
ik nu de opname aan. Ter verificatie: mag ik uw naam en een bevestiging dat u akkoord gaat
met het opnemen van dit interview?

Het onderzoek:
Zoals u waarschijnlijk al heeft meegekregen ben ik met een aantal studenten van de
Universiteit Utrecht aan het onderzoeken of we een systeem kunnen ontwikkelen dat
screenings automatisch opneemt en samenvat. Na het houden van interviews, heb ik een
voorstel gemaakt voor een systeem. Graag wil ik uw mening meenemen om een rapport
hierover te kunnen opstellen.

Nu:
Ik ga zo het prototype openen en zal u een paar opdrachten geven om zo door het systeem te
gaan. TIjdens deze opdrachten wil ik u vragen om zo veel mogelijk te zeggen wat u denkt.
Waarom je kiest om ergens op te klikken en waarom niet bijvoorbeeld. Hierna stel ik graag nog
een paar vragen. Bedenk wel dat dit een prototype is, en dus niet als een compleet werkend
systeem dient.

1. Opdrachten
Voordat je de patiënt gaat ophalen of gaat bellen, bereid je het systeem voor.

- Zorg dat de microfoon werkt en dat de gezondheidsvragenlijst is ingeladen.
- Start de opname.
- Pauzeer de opname om de inspanningstolerantie aan te passen en iets toe te voegen

bij de opmerkingen voor de relevante gegevens voor de afdeling.
- Stop de opname, check het transcript en voeg nog wat toe aan de conclusie.
- Accordeer en exporteer het rapport.

Ga nu nog even rustig door het systeem.

2. Vragen
Status visibility

- Aan de hand van de timer, de feedback dat de microfoon werkt en dat de tabbladen
vanzelf wisselen, ziet u dat het systeem werkt. Wat vindt u hiervan?

- Het systeem is geïmplementeerd alsof het een kleiner scherm is tijdens het consult.
Bij de controle verandert dit naar schermgrootte. Wat vindt u hiervan?

- Het systeem werkt op de achtergrond zodat u tussendoor wat in het dossier kan
opzoeken. Wat vindt u hiervan?
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User control
- Tijdens en na het consult is er de mogelijkheid om het rapport aan te passen. Hoe

vindt u dat dat is verwerkt?
- Hoe zou u het anders zien?

- Het transcript is alleen zichtbaar bij het controleren van het rapport. Wat vindt u
hiervan?

- U kunt het transcript zelf niet verbeteren, zou u dit willen?

Privacy and patient safety
- De mogelijkheid van het inladen van de gvl is nu verwerkt. Wat vind je hiervan?

- Het systeem werkt met patientgevoelige informatie. Is het systeem volgens u veilig
genoeg op de manier dat het nu is voorgesteld?

- Zitten er genoeg of juist te veel waarschuwingsmeldingen en controle stappen in het
prototype?

Al met al:
- Is dit een beetje wat je had verwacht naar aanleiding van de interviews?

3. Task analysis

Een screening zou iets anders verlopen als er een systeem zoals Care2Report zou worden
gebruikt. Graag laat ik u zien hoe jullie proces dan zou veranderen. Wat vindt u van deze
werkflow?

102



Interface Design Principles for Automated Medical Reporting Emma Kwint

Appendix G

The Focus Group Guide

Framework Focus Group
10/06/2023
Versie 1

Welkom en bedankt dat jullie allemaal de tijd heben genomen om hier te zijn. Allereerst, ik wil
graag deze focus groep opnemen om het later in rust terug te kunnen luisteren. De informatie
verkregen uit deze evaluatie wordt anoniem verwerkt in mijn onderzoek. Als jullie hiermee
akkoord gaan, zet ik nu de opname aan. Ter verificatie: mag ik jullie naam en een bevestiging
dat jullie akkoord gaan met het opnemen van dit interview?

1. Het doel van de focus groep
Het doel van de focusgroep is om de design keuzes te analyseren aan de hand van
voorgestelde alternatieven. Probeer zo open mogelijk te zijn en op elkaar te reageren als je dat
wilt.

2. Het prototype
Ik laat nog een keer rustig de interface zien.

3. De design keuzes

Status visibility
- Microfoon instructies
- Timer, microfoon feedback

- Alternatieven: kleinere timer, geen timer
- Wisselende tabbladen

- afleidend
- Zelf de controle houden

- De window wordt nu alleen tijdens de controle fase groter
- Echter tijdens de evaluaties bleken er veel individuele voorkeuren hierin te zijn.

Is responsive een optie?

User control
- Tijdens het consult kan je pauzeren en bewerken. Is dit handig? soms loopt het

systeem misschien achter.
- Aangevulde tekst is nu als schuingedrukt aangegeven, check antwoorden hebben

geen indicatie van verandering. Wat vinden jullie hiervan?
- Icoontjes en kleuren zijn als opties voorbij gekomen.

- Het transcript is gelijk zichtbaar bij het controleren van het rapport.
- Zelf de controle over het openen van het transcript
- Gegenereerde antwoorden koppelen aan het stuk van het transcript

- Transcriptmee naar HiX

- Audio van het consult is niet meegenomen in het design
- De helft vind dit prima, transcript als naslag
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- Maar het transcript is lang niet altijd van goede kwaliteit

Privacy and patient safety
- Het uploaden van de GVL

- Direct uit HiX

- Gelijk verwijderen nadat het rapport geexporteerd is.
- Bang voor het verwisselen van patienten. Hebben jullie een idee?

WVTTK

Dank jullie wel!
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Abstract 

This paper presents a qualitative study into the interface design of an Automated Medical Reporting system in order 

to establish user-centered design principles. Automated Medical Reporting was already proposed as a solution to the 

administrative burden in healthcare think-aloud to increase patient-doctor contact. In order to expand this vision by 

including interface design principles without overlooking the usability aspects, a case study within the preoperative 
screening was performed. In this research, the current situation of this case study was first investigated according to a 

Task Analysis, a heuristic evaluation of the Electronic Health Record system in use, and stakeholder interviews. Then 

the knowledge gained on preoperative screenings and the findings of the interviews were translated into design 

choices. Based on these design choices and IT expert feedback, a treatment design in the form of a high-fidelity 

prototype of an Automated Medical Reporting system for preoperative screenings was developed. This treatment was 

evaluated by conducting think aloud sessions and a focus group. According to the evaluations, the following can be 

concluded. Medical specialists find it hard to envision their workflow using an Automated Medical Reporting system, 

and many individual preferences exist. However, the design of an Interface for an Automated Medical Reporting 

system should be built around system status visibility, care provider control, consultation traceability and patient 

privacy according to the future users. 
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Fig. 1. The phases of the vision of Care2Report 

1. Introduction 

In healthcare, the focus should be on providing the care the patient requires [3]. To do so, care providers need to 

document their observations and findings during consultations, which takes time. De Veer et al. researched the time 

spend on administrative tasks by Dutch care providers. The answers to their survey showed that care providers in the 

Netherlands spend on average 10 hours per week on administrative tasks [4]. These tasks result in an administrative 

burden, which is defined as ’the costs of administrative activities that organizations have to perform in order to comply 

with the information obligations’ [5,7].  

Improving the efficiency of administrative task to lower the workload of care professionals can contribute to 

a solution to this burden. A solution that is proposed by the Care2Report team of Utrecht University, is an Automated 

Medical Reporting (AMR) system. The aim of this solution is to automatically generate a medical report during a 

consultation by using speech and action technology. Based on advanced semantic representation through knowledge 

graphs combined with medical guidelines and patient data, the consultations are interpreted [11]. The stages of this 

process are depicted in Fig. 1. A medical report is generated which the care provider can check and complete.  

A domain of healthcare in which a lot of administrative work needs to be done is the department of 
anesthesiology in hospitals. Before patients undergo a surgery, their current state of health needs to be assessed [9]. 

This is done during a preoperative screening (POS) in which a checklist is completed and an end-conclusion for 

colleagues is composed. In some cases, an additional physical examination is done too. This results in patient 

information that needs to be entered into the hospital information system manually. As no mistakes can be made, a 

care provider often fills in this checklist during a consultation. However, this draws the attention away from the patient 

which can have a negative influence on how a consultation is perceived [15].  

To investigate the impact Automated Medical Reporting could have on the preoperative screening process, 

a case study was initiated by the Care2Report research team of Utrecht University (UU) in conjunction with the 

anesthesiology department of the University Medical Center Utrecht (UMCU). Within this case study, several research 

areas were investigated, of which this study focuses on the User Interface (UI). A user-centered approach to establish 

usability criteria of AMR systems was employed since interfaces were shown to be an important aspect of system 

integration processes. In the field of Healthcare, the usability of new information systems is frequently overlooked 
[16]. Due to the ignorance of the usability concerns, user acceptance decreases. Besides, poor UI’s have been identified 

as the major obstacle to the acceptance and use of healthcare information systems. 

To fill this gap, a qualitative study into the interface design principles for an Automated Medical Reporting 

system according to future users is presented. This is done by answering the following research question: What are 

the key user-centered design principles that should be applied when designing an interface for an Automated 

Reporting System used in healthcare consultations? 

 

2. Literature Research 

2.1 Automated medical reporting 

Not only Care2Report proposed a solution in the form of Automated Medical Reporting. In 2023,  a systematic review 

of automatic documentation of professional health interactions was also conducted by Falcetta and colleagues [6]. 

Within their scope of the search, research on systems that could detect speech and transcribe it in a natural and 

structured fashion during doctor-patient consultations was included. None of the eight included studies had shown 
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sufficient real-life experience or large-scale validated results. This can be partly declared by the challenges automated 

documentation yields. These challenges were identified by Quiroz et al. in 2019 [14]. The six challenges of automated 

documentation are: (1) recording high-quality audio, (2) converting audio to transcripts using speech recognition, (3) 

inducing topic structure from conversation data, (4) extracting medical concepts, (5) generating clinically meaningful 

summaries of conversations, and (6) obtaining clinical data for AI and ML algorithms. 

 

2.2 Interface design principles in healthcare  

A challenge one might add is the design of the user interface for an Automated Medical Reporting system. In the field 

of Healthcare, the usability of new information systems is frequently overlooked. The poor usability of Electronic 

Health Record systems, in which different reports of consultations of patients are stored, causes resistance among care 

providers towards using new technologies [16]. Including the end-users, the care professionals in this case, is shown 

to be an important aspect of User Interface design [10, 18]. Furthermore, for ensuring accessibility and usability, 

following UI design heuristics is essential according to Shaw et al. [16]. For this study,  Nielsen’s ten usability 

heuristics [13] were taken into account during the design process.  

A kind of healthcare IT system that already exists and aligns the objectives of report generation, is the Clinical 

Decision Support System (CDSS). At the simplest level, these are tools to help clinicians and patients make better-

informed decisions during the use of the Electronic Health Record system [12, 17]. A narrative review to identify 

recommended design features for interfaces of CDSSs was conducted by Miller et al. in 2018. According to the results 

of 14 studies, 42 design recommendations were identified. The recommendations were categorized into interface, 

information, and interaction. For the interface, Miller et al. stated: "Reducing text density makes the CDSS easier to 

interpret during busy clinician encounters and keeps the attention of the provider. Additionally, information-oriented, 

systematic graphic design helps providers understand complex information” [12]. Regarding the information features, 

incorporating content guidance was recommended. The important aspects regarding interaction were amongst others; 

providing timely feedback and flexible design. 

 

3. Research Method 

3.1 Problem investigation 

For establishing design principles for a User Interface of an Automated Medical Reporting system, the  Design Cycle 

of Wieringa was used to specify the research steps [19]. The first research phase, the Problem Investigation, is focused 

on investigating the real world by visiting it, identifying stakeholder goals and identifying real-world phenomena. A 

Task Analysis on a preoperative screening was done and a heuristic evaluation based on Nielsen’s heuristics was 

performed. According to this investigation, a preoperative screening checklist appeared to be divided into different 

sections of which the end-conclusion was the most important. Screeners use the checklist to formulate questions and 

enter values already during a consultation. No specific order is followed regarding the formulations of these questions. 

The Electronic Health Record of a patient is consulted during the consultation to look up existing information. 

Frustration about the usability of this system was observed. During the heuristic evaluation, issues such as the amount 

of textual information, poor error prevention and poor icon use were identified.  

Subsequently, five semi-structured stakeholder interviews were conducted to obtain qualitative data about 
the present workflow, experiences with speech recognition, and expectations regarding the interface. Three 

participants were preoperative screeners,  one was the head of the Anesthesiology department and the last stakeholder 

interview was conducted with an Automated Medical Reporting expert. According to a thematic content analysis, in 

which common themes in texts are identified such that conclusions can be drawn [2], insights into the expectations of 

care providers were gained. 

According to the stakeholder interviews, three main themes for the interface design of an Automated Medical 

Reporting system arose: system status visibility, care provider control and patient privacy. System status visibility 

refers to the way the interface shows that the system is operating. Care provider control concerns the freedom users 

have to change things. Lastly, patient privacy refers to the way patient information is handled. The preferences within 

these categories are shown in the left column of Table 1.   
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 Table 1. The translation of user preferences into design choices. 

 

3.2 Treatment design 

In the second research phase, a treatment is designed for the identified problem situation. Based on the findings of the 

problem investigation, the design principles of Care2Report systems [11] and interface designs in healthcare [12], an 

interactive, high-fidelity interface prototype of an Automated Medical Reporting system for preoperative screenings 

was developed. The requirements identified during the analysis of the interview data were translated into design 

choices for this prototype. This translation is shown in Table 1. The design choices are not validated in this stage of 

the research.  

 First, wireframe sketches were created on paper followed by an iteration phase in which the sketches were 

discussed with an Automated Medical Reporting software developer. Adjustments were made and adopted in the high-

fidelity prototype for preoperative screenings. This prototype followed the interaction flow depicted in Fig. 2.  

When the Care2Report preoperative screening application is launched, the user can initiate the recording 

process by clicking on the ’new recording’ button. This causes the system to navigate to the microphone connection 

check screen. In case a connection with the microphone cannot be established, instructions to solve this are provided. 

Afterward, the opportunity to upload the health checklist completed by the patient prior to the consultation is provided. 

Then the recording can be started, either with or without the questionnaire filled in by the patient. This is shown in 

Fig. 2a. During the recording process, the user is able to pause and edit the report. The user can stop and check the 

report using the generated transcript that is automatically displayed as shown in Fig. 2b. The only step left is exporting 

the complete report to the Electronic Health Record system. 

 

Fig. 2. Interaction flow of the prototype 
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a.    b.  

Fig. 3. (a) Screenshot: consultation is recording; (b) Screenshot: check the generated report. 

3.3 Treatment validation 

The design choices that have been implemented according to the preferences of the users and the existing interface 

design principles were evaluated according to think-aloud sessions and a focus group. For the think-aloud sessions, a 

sample size of nine participants was established since "An optimal sample size of ‘10±2’ can be applied to a general 

or basic evaluation situation” [8]. Including a larger number of users, individual differences can be reported on, 

reliability increases and more usability problems come to light [1]. The participants were gathered using purposive 

sampling. Five participants were medical professionals, indicated with MP and four had an IT background, indicated 

with ITP. The think-aloud sessions started with performing a set of tasks to guide the participant through the system. 

During the execution of these tasks, the participants were asked to express their thoughts. After having completed the 

tasks, a set of questions corresponding to the design choices were asked. 

A focus group was initiated to discuss the findings of the think-aloud sessions. For this focus group, four specialists 

in the field of Automated Medical Reporting were included. The session had a duration of approximately one hour. 

To create a comfortable environment, the participants were seated in a circle arrangement and were offered snacks 

during the session. An introduction was given in which the goal of the focus group was explained and consent for 

recording the session was asked. Besides, the participants were asked to react to each other if they had other ideas 

about the subject. After this brief introduction, the prototype was shown and elaborated on by the moderator. Then 

the discussion about the design choices and proposed alternatives was initiated by the moderator. The guide the 

moderator used consisted of the same questions asked in the think-aloud sessions, however, the alternative design 

choices were included too. 

 

4. Results 

During the think-aloud sessions, another main theme for the interface design arose. This resulted in the following four 

themes; system status visibility, care provider control, consultation traceability and patient privacy. The theme that 

has been added, consultation traceability, refers to the way the conversation can be linked to the transcript and the 

generated report. The results of both the think-aloud sessions and the focus group are combined and categorized into 

these four themes. 

4.1 System status visibility 

The timer and volume icon which indicates the working state of the system, was experienced moderately positive. MP 

4 mentioned the timer was not distracting or annoying. "If this kind of feedback is not provided, I would just keep 

checking". The timer could be smaller according to MP6. ITP3 found the timer distracting, reasoning that "the idea is 

that the focus is on the patient instead of checking the computer screen". The participants of the focus group agreed 

upon including a timer to indicate the system is recording.  

However, direct feedback about the system generating a report could be different than automatically 

switching between sections. "I would find it challenging to maintain focus when the sections automatically change" 

was mentioned during the focus group. Feedback about report generation can be indicated by small dots in front of 
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the title of the sections. think aloud MP5 agreed: "I think feedback is useful, maybe in the form of lightening up 

sections and questions answered. Switching between sections makes it confusing, I would like to be in control of 

switching between sections”. 

4.2 Care provider control 

During the think-aloud sessions, the small window was shown to be inconvenient since half of the participants came 

closer to the screen in order to read what the interface stated. think aloud MP6 said, “It depends on the goal with which 

Care2Report will be used. If you want to edit the report in Care2Report, the window can be larger". A lot of individual 

differences in preferences were noticed. This might ask for a responsive design in which users have control. For this 

reason, the interface window aspect is transferred to the user control theme. During the focus group, the group 

proposed an even smaller window that incorporates only the timer and a start/stop button. When the user maximizes 

it, the system automatically switches to full-screen mode, which facilitates easier editing. This is in line with the vision 

of Care2Report according to one of the focus group participants. He explained: "The goal of Care2report is to support 

report generation. It will not be used as a reference system". 

The focus group and think-aloud participants all agreed with the user being able to edit the report. However, 

three think-aloud participants were somewhat hesitant toward editing during the consultation. ITP2 stated not to trust 

the system to save their own answers. Additionally, MP6 stated the possibility to edit could cause some confusion 

about what is the real report. Besides, the design choice of pausing the recording to edit was perceived negatively 

during the focus group. "You might forget to un-pause the recording, I would implement the editing during the 

recording", states one of the participants. According to the participants of the focus group, the user should be in control 

of navigating and editing during the recording. You need to have a pause button, however only for discussing a topic 

off the record. 

 

4.3 Consultation traceability  

Statements in italics indicate that additional text was provided by the screener. Feedback about their own content was 

perceived positively by the think-aloud participants, however only during the review phase. During the focus group, 

some alternatives were proposed. To indicate that the user has changed something, the participants suggested using 

colors. Besides, the system should provide feedback about the fact that the answers they give will not be changed 

again. If during the consultation, new information is provided about a specific question, the users have to change this 

themselves. This can be indicated by a lock or an answer being greyed out. 

Regarding the displayed transcription in the report checking phase, feedback showed the interface needs to 

enable opening the transcript by a button or navigation menu. Split screen functionality can be integrated to enhance 

the completion process. During the think-aloud sessions, ITP2 proposed an interesting feature that allows the user to 

link the answers of the screening to the transcript. ITP2 would like to see the part of the transcript the answer is based 

on lighten up when a generated answer is clicked. When this idea was presented to the other participants and during 

the focus group, their reactions were positive.  MP6 would like to import the transcript together with the generated 

report into the Electronic Health Record system. Patients as well as colleagues can consult this transcript when 

confusion exists about a preoperative screening report. Especially because in present situations, patients ask to record 

the consultation themselves since often important risks are discussed. When exporting the transcript, the patient has 

access to everything that has been said too, however it is stored in a safe space.  

4.4 Patient privacy 

Almost all participants preferred the option to save the transcript and the generated report for a designated period in 

order to be able to edit the report at a later time. However, MP6 expressed hesitation due to the increased risk of errors 

involving critical patient information. When saving reports are enabled within the Care2Report system, exporting 

them to the right Electronic Health Record can be a challenge. MP6 advocated uploading the report together with the 

transcript to the Electronic Health Record system, where necessary adjustments can be made at any time. The focus 

group proposed a solution in the form of an additional validation step within the EHR system.  
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5. Discussion and Conclusion 

This qualitative research into the interface design of an Automated Medical Reporting system for preoperative 

screenings was initiated in order to answer the main research question: What are the key user-centered design 

principles that should be applied when designing an interface for an Automated Reporting System used in healthcare 

consultations? By performing a user study within the preoperative screening department of the University Medical 

Center Utrecht, insights into the expectations and preferences of the healthcare sector could be gained. 

During the orientation interviews, eight stakeholder preferences regarding an interface for an Automated 

Medical Reporting system were established. The preferences were built around three main themes; status visibility, 

user control, and privacy. Each of the eight user preferences was translated into a design choice and included in a 

high-fidelity prototype. However, translating these expectations into design choices was shown to be difficult since 

the interface had to be created from scratch and a variety of choices could be applied. Therefore, in every design phase, 

qualitative feedback from users and IT experts was gathered using various prototypes based on the preoperative 

screening setting. The most important finding during the evaluations with medical professionals was the fact that end 

users found it hard to imagine working with such a system. "Using an Automated Medical Reporting system requires 

a whole other way of working". This made it hard to evaluate design choices. Therefore, IT specialists were included 

in the validation phase to obtain more radical statements too. 

Since this is the initial phase of designing an interface for such a system, participants proposed diverse design 

alternatives. Therefore, specifying interface design principles was challenging. However, four important themes arose 

during the evaluation phase: system status visibility, care provider control, consultation traceability and patient 

privacy. Within these themes, the ten interface design principles for an Automated Medical Reporting system in 

healthcare shown in Box 1 can be concluded. 

What has to be considered while interpreting the interface design principles, is the laboratory environment 

which may influence test users’ behaviors [8]. Since the evaluation is done with a prototype in a controlled setting, 

patients were excluded. The participants were able to fully focus on the interface without having a conversation with 

a patient. In further research, it would be interesting to investigate how the user would interact with the system during 

a consultation. Besides, implementation in other departments that require more physical examination or portability 

can be interesting too. Another limitation of the data obtained during the focus group can be the homogeneity of the 

background of the participants. All participants were working on a Care2Report project at the time of participation. 

Concluding, medical specialists find it hard to vision their workflow including the usage of an Automated 

Medical Reporting system and a lot of individual preferences exist. However, what could be established is that the 

interface design of an Interface for Automated Medical Reporting system should be built around system status 

visibility, care provider control, consultation traceability and patient privacy. 

System status visibility 

• A timer needs to indicate the system is recording  

• Report generation needs to be indicated by small update dots 

Care provider control 

• The interface window needs to be responsive  

• The Automated Medical Reporting system needs to operate without interfering with the functionalities  

of the Electronic Health Record system  

• Editing during the recording needs to be enabled 

Consultation traceability  

• Each part of the report needs to be linked to the corresponding part of the transcript  

• Additions made by users need to be indicated with color  

• The layout of the Automated Medical Reporting system needs to be different from the layout of the  

Electronic Health Record system 

• The possibility of editing the report according to the transcript at a later time needs to be integrated  

Patient privacy 

• The Automated Medical Reporting system needs to work according to privacy regulations  

Box 1. Interface design principles for Automated Medical Reporting 
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