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Executive summary

I hope you will enjoy reading this thesis, sparking 
many discussions and future innovations!

Clinical documentation takes up 40% of clinicians’ time. To ease the administrative burden of 
clinicians, digital scribes offer the potential to automate clinical note taking. Digital scribes are 
intelligent documentation softwares that combine automated speech recognition (ASR) and natural 
language processing (NLP). Digital scribes transcribes clinician-patient consultations and convert 
the conversation into structured clinical notes. Attendi, the client is developing a digital scribe for 
orthopedics: the Assistant. Hip arthrosis consultations have a well-structured anamnesis, therefore 
a promising use case for the digital scribe.

This Master thesis investigates the clinician perspective of implementing the Assistant. Literature 
was reviewed to understand the problem space and the design implications of the enabling 
technologies. Core concepts in human-AI collaboration such as system transparency and human 
control were identified to  design for hybrid documentation. Also, the perspectives of recording 
consultations were translated into values for hospitals, clinicians and patients. The findings lead 
to both mutual benefits and tensions for the clinician-patient relationship and obstacles for 
implementation.

To contribute to developing the Assistant, user research was carried out in context by shadowing 
orthopedic surgeons to see their day-to-day workflow and understand the current cycle of clinical 
documentation. Several surgeons were interviewed to gain more in-depth views about the digital 
scribe. As synthesis, personas and journey maps were created both for a typical consultation cycle 
and a daily workflow. From the research phase, a list of user requirements were gathered in order to 
aid the design phase and future development.

The vision of the Assistant is to structure clinical notes through organised templates in order to 
enable partial automation. The product roadmap was considered to define the design goal: design 
for partial automation to speed up clinical documentation with automated suggestions and provide 
flexibility to fit individual documentation styles. 

To envision the future journey with the Assistant, a service blueprint was made in combination 
with a storyboard. The service blueprint shows the user steps as well as the software processes 
throughout a consultation cycle. Three user flows were extracted and translated into the interface: 
recording a consultation, filling out the anamnesis template and query a specific patient file from 
the database. The design phase focused on developing the interface for anamnesis template 
completion where the clinician can accept, reject and edit the automated suggestions. To improve 
trust towards the system, transparency is implemented in the design by providing the option to 
check where the suggestions come from the transcript.

The designed wireframes were validated with orthopedic surgeons to clarify the value proposition 
of the solution. From the findings, future opportunities are formulated and limitations of the study 
are discussed. Potential research areas for developing digital scribes are proposed as future work 
in order to transition towards AI-assisted clinical documentation.
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Reading guide

AI - Artificial Intelligence
ASR - Automated Speech Recognition
EHR - Electronic Health Records
HCI - Human-Computer Interaction
NLP - Natural Language Processing
UX - User Experience
STT - Speech-to-text

This reading guides aims to support you as a reader to go through this report. At the 

beginning of each chapter, a small summary of the chapter’s content is presented. At 

the end of the chapters, the main takeaways  are listed from the chapter. Reading these 

takeaways can provide an understanding of the entire design process to understand 

the key project insights. 

All illustrations were produced throughout the project to make sense of the complexity. 

I hope they will also help you to read this report.

Key takeaways and reflections per chapter.

This is my own interpretation.

This is an important paragraph.

Quotes are formatted this way.

Paragraph title
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In this chapter the rationale for the project is articulated. 
Attendi, the client company of the graduation project 
is introduced with their mission. Also, a high-level view 
on the product roadmap is illustrated to understand 
how this Master thesis contributes to developing the 
Assistant: a digital scribe for orthopedics.
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Chapter 1
Motivation for the project
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As of today, clinical documentation is completely 

human-led which leads to a high administrative burden 

for clinicians (figure 1). To ease this burden, digital scribes 

offer the potential to automate clinical note taking and 

enable clinicians to focus on what they love doing: taking 

care of the patient. With digital scribes, taking notes will 

become computer-led and contribute to the transition 

towards true patient-centred care.

Digital scribes can help clinicians to spend more time 

on talking to the patient and less on typing. The content 

of the consultations needs to be administered by the 

clinician and saved as part of the patient file in the 

Electronic Health Records (EHR). Hospital EHR systems 

store all medical information in one place and it is the 

duty of the clinicians to fill out the necessary documents.

Introduction

Attendi is developing a digital scribe for orthopedics: 

the Assistant. The Assistant listens to the conversations 

between doctors and patients and converts their 

speech into usable notes to save time. To transition 

towards computer-led documentation, the first step 

is to design for mixed-initiative documentation where 

the computer and the user both have relative control 

over the documentation process (figure 2). This Master 

thesis contributes to developing the Assistant through 

researching the context with a focus on the clinician 

perspective and developing the interface of the software.  

The client of the assignment is Attendi, a healthcare 

startup based in Amsterdam. The company’s mission 

is to ease the administrative burden for healthcare 

professionals by building intelligent voice technologies 

that are optimised for care domains. If administrative 

tasks are automated, healthcare professionals regain 

valuable time, essential for delivering personalised 

patient care. 

Voice-powered solutions allow healthcare professionals 

to interact with computers without shifting their 

focus from a patient to a computer. Attendi’s  speech 

technology accurately and instantly converts spoken 

words into written text (figure 3). Since the speech and 

language models are specifically trained on spoken 

Dutch healthcare data, the technology has a high 

accuracy for applications in healthcare.

 

The Attendi Assistant extracts medically relevant 

information and immediately converts this information 

into usable documentation. In collaboration with several 

hospitals, the company is introducing the first all-round 

digital scribe for orthopedics in the Netherlands. 

1.1 Collaboration with Attendi

Today Hybrid Digital scribe

Figure 1: Human-led documentation

Figure 2: From human-led to computer-led documentation (Coiera et al., 2018) 

Figure 3: Product pipeline provided by the company



Master thesis 16 2022 | Reka Magyari 17

A roadmap (figure 5) for implementing the Assistant was 

provided by the company. The product is planned to be 

implemented in hospitals in 3 steps: 

1) establishing a recording infrastructure 

2) providing a template completion application 

3) scaling the template options and enabling data 

sharing with the EHR system.

In order to bring digital scribes into hospitals, 

researching the consultation context and the end user is 

necessary. The cycle of clinical documentation has to be 

investigated to decide which tasks could the technology 

automate and support the clinicians in performing their 

jobs. Furthermore, the solution has to be integrated into 

the current and future clinical workflow of the medical 

professionals for better EHR development (Healthcare 

IT News, 2021). To provide a valuable report of the 

transcribed consultation to the clinician, in-depth user 

research is required. All in all, an interface needs to be 

designed to facilitate the interaction between the user 

and the software.

To position my contribution in relation to the 

product roadmap, it is illustrated in figure 5. My main 

contributations are carrying out user research and 

design the interface. The research questions were 

formulated accordingly (figure 7).

1.1.2 Expected contribution

Figure 5: product roadmap with my contribution

Figure 4: Hip arthrosis consultation with anamnesis

The context of the project is an orthopedic clinic where 

patient-doctor consultations take place concerning 

hip arthrosis. Hip arthrosis is a disease of the hip joint, 

caused by increasing age or injury and often treated 

by surgery. In a clinical consultation, typically a patient 

explains his or her health status and the clinician asks 

focused questions to formulate a diagnosis. In medicine, 

the information gained by the clinician is called the 

anamnesis* by asking specific questions relevant to the 

specialty. Hip arthrosis consultations are carried out by 

orthopedic surgeons, who also perform the surgery and 

welcome their patients for appointments in an outpatient 

clinic.

1.1.1 Project context 

Why orthopedics?
Hip arthrosis consults are short, occur in high volumes 

and have a well-structured anamnesis (figure 4). Since 

the flow of the conversation influences the ability to 

compute the speech, these homogeneous consultations 

are a promising use case for the digital scribe. For the 

hip arthrosis use case, Attendi has curated an anamnesis 

standard jointly with orthopedic surgeons.

*the term anamnesis will be used frequently throughout the report

Scale templates &
enable data sharing for 

output

Implementation step

Value proposition

Step 1 Step 2 Step 3

Consultations can be recorded, 
data becomes accessible

High quality anamnesis completion in 
terms of completeness and data 

structuredness.  Templates will always 
be suggested based on the transcript

Computer- led clinical documentation 
system which is better compared to 
the anamnesis in the EHR. Over time 

the amount of templates will increase.

Product goal

user research

anamnesis standard

data gathering

interface design

Recording Infrastructure /
Data sharing engine

Template completion 
application

software development

collaboration agreements

Preparation
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RQ1. How can the full cycle of clinical documentation 

in hip arthrosis consultations be automated using NLP 

technologies?

 1a. Which documentation tasks in hip arthrosis are 

time consuming/frustrating/sensitive to errors and 

technically feasible to automate? 

RQ2. How can we design a clinically valuable, trusted 

and ethical digital scribe interface to aid computer-led 

documentation from a clinician’s perspective?  

 2a. Valuable: What value can be delivered to hospitals, 

clinicians and patients by recording and transcribing 

consultations? 

 2b. Trusted: What are the key fears and obstacles for 

physicians and patients if consultations will be recorded 

and how can we manage those fears?

 2c. Ethical: How can the digital scribe interface ensure 

that the clinician remains critical about the automated 

suggestions for entry in the EHR?

The expected outcomes of this Master thesis were formulated to:

1. collect a list of requirements primarily from a clinician perspective 

2. design high fidelity wireframes for the software interface based on the requirements

3. validate the envisioned user journey and interface

4. create a roadmap to suggest future features from a UX perspective

1.1.2.1 Design approach & methods 

• The administrative burden is very high for clinicians since it takes up almost 40% of 

their time. It is the main rationale to invest efforts into the project.

• To develop the digital scribe, first a hybrid scenario (mixed-initiative) should be 

considered where both the computer and the clinician carries out parts of the tasks.

• Attendi’s product pipeline was introduced to understand the steps how the data 

goes through from the consult to an approved report.

• To scope the project, hip arthrosis consultations were chosen as a use case due to 

the homogeneous nature of the conversation. The anamnesis standard is a central 

component of the design process.

• The Assistant will be implemented in 3 steps, step-by-step. To prepare for the 

implementation, the contribution of this Master thesis serves as a preparation in the 

form of user research and designing the interface.

• The research questions are divided on a workflow and an interface level. First, a high 

level understanding of the clinical documentation cycle is required then it is time to 

zoom in to the interface. Key aspects during the design phase will be value, trust and 

ethics.

• To design the interface of the Assistant, close collaboration is required with the 

company’s Product manager, the Medical lead and the Tech lead.

Chapter 1 takeaways
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user 
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Dec 21

Graduation

literature 
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Discover

Define

Develop

Deliver

Bringing digital scribes into 
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for computer- led clinical 
documentation
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interface level

RQ1

RQ2
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digital scribe interface
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Figure 6: Research questions per design phase

Figure 7: Planned methods during the double diamond process
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In this chapter, the potential of digital scribes is outlined. In 
order to understand intelligent documentation softwares, both 
Automated Speech Recognition and Natural Language Processing 
technologies are explained. Also, the clinician and  the patient 
perspectives of recording consultations are discussed by reviewing 
secondary research. The goal of the literature research phase was 
to find answers to key questions such as:

What do digital scribes promise?
How do the involved technologies work?
What are the perspectives on recording consultations?

Chapter 2
Potential of digital scribes

Im
ag

e 
so

ur
ce

: P
ex

el
s



Master thesis 22 2022 | Reka Magyari 23

In recent years, the healthcare sector has seen 

a rising number in clinician burnout due to the 

administrative burden that they face on a daily basis. 

On average, Dutch clinicians spend 40% of their time 

on administrative work (‘Statement initiatiefnemers 

ORDZ’, 2021) which comes at the direct expense of 

devoting time to the patient (Dugdale et al., 1999). For 

every face-to-face hour physicians spend directly 

with patients, two more hours are spent on desk work 

documentation in ambulatory care (Sinsky et al., 2016). 

Improving the work life of clinicians is one of the four 

pillars that drive innovation in healthcare according 

to the Quadruple Aim (Sinsky & Bodenheimer, 2014). 

Clinical documentation refers to the process of typing 

a text record that summarises the interaction between 

patients and healthcare providers during clinical 

encounters (Rosenbloom et al., 2011). Implementing 

technology in a clinical context brings many advantages, 

for instance adopting Electronic Health Records (EHRs) 

initially offered the prospect of improved patient safety, 

better health care quality and clinician performance 

(King, Patel, Jamoom, & Furukawa, 2014). However, the 

regulated use of EHR systems has decreased physician 

satisfaction over time, increased documentation times 

(Ehrenfeld and Wanderer, 2018) and also negatively 

affected the clinician–patient relationship (Coiera 

et al., 2018). EHR systems suffer usability problems 

The potential of digital scribes is to reduce the clinical 

documentation burden conducted by humans (figure 8). 

Digital scribes are intelligent documentation softwares 

that combine Automated Speech Recognition (ASR) 

and Natural Language Processing (NLP) technologies 

according to definition (Coiera et al., 2018) in figure 9. 

The software automatically transforms the recording of 

a clinical conversation into usable notes, by generating 

transcripts for encounter documentation (Chiu et al., 

2018). 

The potential

2.1 Enabling technologies

that make them inefficient, not usable or well aligned 

with clinical workflow (Gardner et al., 2018) which 

aspects add to decreased clinician satisfaction.

To ease the administrative burden of clinicians, medical 

scribes were introduced who are trained individuals 

hired solely for administrative tasks, such as real-time 

documentation of clinician-patient encounters (Gellert, 

Ramirez, & Webster, 2015). Medical scribes proved to 

increase overall clinician satisfaction, chart quality 

and efficiency, without reducing patient satisfaction 

(Gidwani et al., 2017). However, medical scribes require 

extensive training before reaching their full potential, 

which is estimated to cost $6,317 (Walker et al., 2016) 

on average. Additionally, they are often medical 

students who tend to move on to attend medical 

school full time (Walker et al., 2016). These aspects do 

not make medical scribes an effective solution in the 

long term. Overall, the use of medical scribes does not 

reduce the clinical documentation burden, but simply 

shifts it from clinicians to others (Dusek et al., 2021).

Figure 8: Hybrid documentation

Figure 9: Digital scribe per definition involves ASR and NLP
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2.1.1 Automated Speech Recognition (ASR)

2.1.2 Natural Language Processing (NLP)

ASR is increasingly researched and used in healthcare 

(Jamal et al., 2017), where a microphone records a 

conversation and an ASR system transcribes the speech 

into text. The captured analogue speech signals get 

converted into digital forms which can be read by 

computers. Especially in medical conversations every 

word counts. To process the conversation, we need 

to understand ‘what is being said’ during a clinician-

patient consultation and detect ‘who spoke when’. In 

addition, punctuation marks such as periods, commas 

and question marks are automatically added to the text 

to generate readable and useful transcripts. The speech 

processing step is done by speaker diarization models 

in the software that assign speaker labels to dialogue 

segments of the conversation (Kanda et al., 2019). To rate 

the success of the speaker segmentation, diarization 

error rate (DER) and word error rate (WER) are calculated 

by the software. Both DER and WER accuracy indicators 

impact the consequent processing steps to extract 

relevant information.

The ASR system transcribes the conversation, and 

a set of NLP models are deployed to extract and 

summarise relevant information that is to be presented 

to the physician (van Buchem et al., 2021). NLP is at 

the intersection (figure 10) of linguistics and artificial 

intelligence (AI) that allows computers to process and 

analyse natural language data (Brownlee, 2019). 

In this context the NLP tasks could be split into 

extracting entities, classification categories 

and summarization (Du et al., 2019). In order 

to train the NLP algorithms, ground truth is 

established by manually annotating a medical 

transcript. While NLP comes with numerous 

technical challenges such as structuring and 

summarising clinician-patient conversations (Quiroz 

et al., 2019) in healthcare, literature suggests that the 

success of digital scribes will be dependent on the 

way interactions are designed between the clinician, 

computer and patient (Coiera et al., 2018).

Figure 10: NLP is in the intersection of linguistics and machine learning
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2.2 Perspectives on recording consultations

In order to implement digital scribes in hospitals, the 

challenge is to understand user requirements and tailor 

a desired experience between patient, computer and 

doctor. Traditionally clinician-patient encounters take 

place in hospitals, therefore the institution is also a 

stakeholder in the process of implementation. There are 

‘two sides’ of the system, and both patients and clinicians 

have their own perspective on recording consultations. 

The key research questions to understand were the 

following:

If consultations are recorded, the data offers numerous 

benefits (figure 11) for hospitals such as motivating 

clinician performance. Increased performance can also 

enable hospitals to conduct more transparent quality 

assurance (Turley and Metcalfe., 2020). Improving the 

quality of care can potentially lead to better health 

outcomes. The quality of care and safety depends on 

high quality data. The digital scribe structures data 

collection to enable research, access to higher quality 

and safety of care. 

As of today, if patient consent and confidentiality is 

adhered to, recordings can be made. Hospitals face 

a rising number of patient-initiated recordings that 

clinicians are not always aware of. There is little evidence 

that recording influences consultation style (Turley 

and Metcalfe, 2020). A large-scale study found that 

patients would encourage normalising the process and 

expect the clinic to facilitate organising the recordings. 

In the Netherlands, an increasing number of healthcare 

professionals have experience with audio-recording 

consultations (van Bruinessen et al., 2017) and confirm 

the evidence-based benefits. 

2a. Valuable: What value can be delivered to hospitals, clinicians and patients 
by recording and transcribing consultations?

2b. Trusted: What are the key fears and obstacles for physicians and patients if 
consultations will be recorded and how can we manage those fears?

2.2.1 Value for hospitals

Moreover, from a hospital perspective there are further 

obstacles in the way of implementing digital scribes. The 

technical aspects of handling the recorded consultation 

data raise both privacy and legal concerns that should 

be managed on an institution level. In the Netherlands, 

a nation-wide survey (Voskens et al., 2022) also reported 

on these concerns where Dutch surgeons show a 

positive and open attitude towards AI. Furthermore, 

the recording has implications for the confidentiality of 

the conversation, therefore safely storing the data is an 

important factor and ensuring that the patient always 

remains the owner of the information. As a consequence, 

the use of a protected database is an important part of the 

system and in the process of certifying the technology 

(Ghatnekar et al., 2021) before its introduction in clinical 

use. In the future, integration with EHR systems will be 

essential and require further technical considerations.

These obstacles (figure 12) are input for business 

requirements during the implementation.

The primary user of the system will be the clinician so their 

perspective is central. Prior research from the US and UK 

discusses clinicians’ attitudes towards audio recordings. 

According to a mixed methods study (Elwyn et al., 2015), 

it was reported that patients asked for approval to 

record their clinical conversation or did without asking. 

Joshi et al (2020) investigated physicians’ attitude by an 

online survey among general medicine practitioners in 

the US. The participants considered the recording to be 

of benefit to the patient or their family, however 50% did 

not wish to allow recordings and 22% were neutral. The 

most common concerns were that patients might have 

undeclared motives, such as a wish to use the recording 

for litigation, and concerns that the audio files could be 

used inappropriately, for example, placed online (Joshi 

et al., 2020). Physicians stated that they might agree 

to record only part of the visit, provided they could 

control the process. It was also concluded that generally 

physicians had no knowledge of the laws governing 

patient-initiated recordings. Clinicians are open to allow 

recording if long writing in EHR is replaced (Barr et al., 

2018).

2.2.1.1 Obstacles for implementation

2.2.2. Clinician perspective 

Figure 11: Hospital benefits

Figure 12: Obstacles for implementation
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From a patient perspective, there has been prior research 

executed to understand their views and motivations 

(figure 14)  regarding recording consultations. A study 

(Elwyn et al., 2015) reported that in total 69% of the 

participants indicated their wish to record clinical 

consultations either in secret or with permission. 

Interviewed patients reported fears that recording would 

violate the expected etiquette in clinical encounters. 

Patients who recorded consultations without permission 

were mostly male and have a below university level 

education (Elwyn et al., 2015). Others advocated for 

asking for permission mainly to prioritise the relationship 

with the clinician and protect trust, make accountability 

public, and have an improved quality of recording. 

There are clear benefits (figure 13) of recording consults, 

such as allowing the clinician to spend less time on 

documentation, and devote that time to the patient to 

communicate more effectively (Dommershuijsen et al., 

2021). Enabling clinicians to provide personal attention 

and empathy makes a consultation successful and more 

valuable (Bensing et al., 2011). Decreased documentation 

time could increase physician satisfaction as well as 

reduce burnout rates in healthcare. 

Moreover, recording the consultation could serve as 

an incentive to perform better when delivering care 

(Tsulukidze et al., 2015). Motivating performance could 

potentially lead to increased interest in maintaining 

medical knowledge (Elwyn and Buckman, 2015). The 

recordings could also benefit research purposes, and 

serve as input for teaching and learning opportunities 

(Turley and Metcalfe, 2020). 

2.2.3 Patient perspective

2.2.2.1 Clinician benefits 

There are several patient benefits of recording 

consultations. There is evidence that 60% is forgotten 

as patients tend to block and have difficulty storing 

information during consults (Joshi et al., 2020). 

Therefore, the recording could allow patients to re-listen 

to the exchanged information for better understanding. 

Also, the option to share the recording with family and 

friends to make sense of the expert advice is reassuring 

to patients. An interesting aspect was raised that the 

recording has therapeutic purposes as well such that it 

can enable the patient to feel supported by the ‘tone of 

voice’ of the clinician (Elwyn et al., 2015). The main patient 

profiles to benefit from recordings are older patients, 

patients from lower socio-economic status and patients 

with impaired abilities (Dommershuijsen et al., 2021).

There are numerous mutual benefits of recording 

patient-doctor consultations (figure 15). Elwyn et al. 

(2015) suggests that recording has the potential to make 

clinicians more attentive from a patient perspective. 

In a study among patients aged 50 years or older 

(Dommershuijsen et al., 2021), more attention leads to 

improved confidence in the relationship for both sides 

and higher satisfaction with the treatment.

There is little evidence that recording influences 

consultation style (Turley and Metcalfe, 2020). Where 

complex and emotional subjects are discussed, such 

2.2.2.1 Patient benefits 

2.2.4.1 Mutual benefits

2.2.4 The clinician-patient relationship

Figure 13: Clinician benefits

Figure 14: Patient benefits

Figure 15: The clinician-patient relationship
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When synthesising the perspectives from clinicians and 

patients, some tensions (figure 16b) occur regarding 

recording consultations such as consent, influence 

on conversation and the reason behind recording. 

Regarding consent, it is important to note that patient 

consent is strictly needed by law while clinician consent 

is not (Tsulukidze et al., 2015). On the other hand, if both 

parties do not consent to the recording it could damage 

the patient-doctor relationships (Elwyn et al., 2015). 

Recording does not suit some doctor’s own values 

(Tsulukidze et al., 2015) while patients favour the idea 

of having proof of received care. There are increasing 

statistics of recording in secret (Elwyn et al., 2015) 

that clinicians can not influence nor like. The patient-

initiated recording behaviour challenges the established 

etiquette of clinician-patient interactions (Elwyn et 

al., 2015). For this reason many patients advocate 

recording consultations with permission to maintain 

the relationship and trust between the clinician and the 

patient. Furthermore, the recording can also influence 

what doctors say or not and patients might be less 

likely to admit to problems (Elwyn et al., 2015) during the 

consultation. 

2.2.4.2 Tensions

as oncology or pediatrics, clinicians already offer 

recordings (Elwyn et al., 2015). Being able to re-listen to 

the conversation allows the patient to better prepare 

for the next consultation which leads to more informed 

decision-making. Ultimately, improved communication 

(figure 16a) can even lead to better health outcomes 

(Dommershuijsen et al 2021).

• Typing in the Electronic Health Records results in a number of problems: unstructured 

notes and also decreased physician satisfaction. Clinical documentation affects both 

the clinician and the patient and their relationship negatively.

• Medical scribes were proposed (mostly in the US) to ease the administrative burden, 

but their training is very expensive and also time-consuming. Therefore medical 

scribes are not a solution to the problem.

• Medical scribes raised the idea of digital scribes. There is a lot of potential in 

developing digital scribes, but from a technical perspective it is quite complex. Digital 

scribes combine ASR and NLP technologies and both are crucial to the success of 

the software, For this reason it is important to understand both technologies from a 

design perspective.

• To bring digital scribes into the consultation context, the value of recording and 

transcribing consultations (RQ1) for all involved stakeholders was important to 

investigate during the research.

Chapter 2 takeaways
Figure 16a: Mutual benefits

Figure 16b: Tensions
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2a. Valuable: What value can be delivered to hospitals, clinicians and patients by recording 

and transcribing consultations?

• Hospitals: less time spent on documentation, increased clinician performance, quality assurance, 

improved safety of care, better health outcomes, research purposes

• Clinicians: less time spent on documentation, increased physician satisfaction, reduced burnout 

rates, more time for empathising with the patient, teaching and learning opportunities

• Patients: more time in the consultation, ability to re-listen the exchanged information and better 

prepare for the next consultation, share the recording with family

2b. Trusted: What are the key fears and obstacles for physicians and patients if consultations 

will be recorded and how can we manage those fears?

• two-sided consent -> normalise recording on an institution level

• reason for recording -> introduce the benefits in order to get their consent to the recording

• confidentiality -> ensure that the audio recording and transcription is not used inappropriately

• data safety -> use a protected database and certify the technology
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In this chapter the enabling technologies are interpreted 
from a design perspective. Both ASR and NLP come with 
design implications that can inform the project. In terms 
of the interaction, the collaboration between the user 
and the AI algorithms need to be considered. Theory from 
human-computer interaction is summarised for the user 
experience as well as service design.

Chapter 3
Translating the technology
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To facilitate the interaction between the digital scribe 

and the clinician, design implications of the enabling 

technologies should be understood in terms of human-

computer interaction (figure 17). According to Jeblee 

(2019 et al.), automated note-taking has the potential 

to save clinicians valuable time and allow them to focus 

on interacting with their patients. Replacing typing 

directly into the EHR with intrusive commands provides 

a challenge to design an interface that facilitates 

interacting with the system and remains non-intrusive to 

the clinician-patient relationship. 

In the context of the project, hip arthrosis consultations 

typically involve an orthopedic surgeon and a patient. 

However, it could also happen that a family member 

escorts the patient to the consultation. The number of 

people present in the consultation informs the number 

of the microphones necessary to perform the speaker 

diarization step. Taking into account each and every 

speaker’s voice characteristics is important to correctly 

assign labels to the speech segments with ASR.

There are a number of factors that can influence 

speech recognition such as natural variations of speech, 

speaking style, speaking rate, emotional state, and 

emphasis on certain words (Benzeghiba et al., 2006). 

In a difficult consultation, emotional state can become 

an influencing factor to expect. In terms of terminology, 

clinicians and patients might describe the same problem 

with different words therefore training the ASR on 

clinical conversations is essential. Furthermore, speech 

characteristics such as accents, dialects or foreign 

Design implications of the enabling technologies

3.1 ASR

The transcribed speech is further processed by using 

Natural Language Processing models which is a 

subdomain of machine learning. ML models advanced 

application of conversational user interfaces which 

provides an opportunity to switch to a speech-based 

interface. In human-computer interaction, NLP has the 

potential to effectively complement other available 

modalities, such as windows, icons, menus, and 

pointing (Manaris, 2008) where modality is defined as 

a communication channel used to convey or acquire 

information. (Coutaz and Caelen, 1991). Cohen et al. 

(2013) defines speech as input modality for ‘command 

and control’ of systems or devices. After the user input 

is recognised by ASR, natural language understanding 

(NLU) components can identify user intents or commands 

(Clark et al., 2019).

VUIs need to know when a user starts speaking as 

well as when the speech has ended. Knowing when 

the user stops speaking is known as a timeout (Pearl, 

2016). Timeouts allow the system to pause for some 

time before continuing recording the conversation 

which can be configured by ASR. For the interface, 

visibility of system status is important according to 

Nielsen’s usability heuristics (1994). According to Clark 

et al. (2019) there is lack of design related research on 

the topic, meaning that there are currently no clear 

considerations or robust heuristics for developing user 

centred speech interactions. As Corbett & Weber (2016) 

highlight, HCI theories may not automatically translate 

from one context of interaction to another therefore 

qualitative work is encouraged to reveal UX issues within 

the context to use speech interfaces.

3.2 NLP

words influence the accuracy of speech recognition 

(Bent & Frush Holt, 2013). Environmental and background 

noise can also interfere with the success of speech 

recognition, but typically in a closed consultation room 

setting this aspect can be ignored. 

Speech is the most natural form of human communication. 

Interacting with systems can also be enabled by using 

voice only with voice user interfaces (VUI). Users can 

control such interfaces by using a ‘wake word’ or voice 

commands. Voice commands can free up hands and 

eyes for other tasks and coupled to software features if 

the speech is processed real-time.

Figure 17: Technology aspect of the future scenario
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3.3 Interface level

It is argued that human-centred design is invaluable to AI 

system design, however it presents designers challenges 

to move from algorithms to systems (Beardow, Lomas 

& van der Maden, 2020). To facilitate the interaction 

between humans and the system, the collaborative 

aspect in-between needs to be carefully looked at to 

design the user experience (UX). Connecting AI to UX 

design is of increasing interest in the human-computer 

interaction (HCI) research community. Designing with AI 

is proven to be difficult since the dynamic nature of the 

technology can give unpredictable errors that impact 

the intended user experience or even lead to undesired 

societal impact (Yang et al., 2020). To aid designers in the 

process, Amershi et al. (2018) proposes guidelines to take 

into account when designing AI systems. The relevant 

guidelines are summarised in figure 18.

In future doctor-AI collaborative consultations, Kocaballi 

et al (2020) identified the core tasks of doctors namely 

clinical reasoning, human communication, embodied 

experience of interacting with a doctor and empathy. 

For this reason, patients will always require human 

interaction and empathy according to the results of a 

nationwide survey conducted among members of the 

Dutch Association of Surgery (Voskens et al., 2022). 

Designing for a collaborative interaction leads to the 

concept of partial automation where clinicians have 

control over the digital scribe.

To facilitate effective human interaction with fallible 

AI models, transparency (figure 19) is key as well as 

showing the confidence of each prediction to the user. 

Transparency refers to clearly communicating the level 

of certainty of the model which helps users in decision-

making (Nguyen et al., 2018). Applications of Human-AI 

collaboration in complex domains, such as healthcare, 

require the user’s ability to understand and predict agent 

behaviour (Miller, 2018). In the case of mixed-initiative 

documentation, the interface should be designed with 

the assumption that users may often wish to complete 

or refine an analysis provided by an agent for less bias 

(Malhi et al., 2020).

3.3.1 Human-AI collaboration

Figure 18: Relevant design guidelines for Human-AI collaboration (Amershi et al. 2018)
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Automation bias happens when clinicians incorrectly 

follow instructions from technology, and is an important 

new cause of clinical error (Goddard et al., 2012). It holds 

similar risks that clinicians will automatically accept scribe 

suggestions or complete documents without checking 

(Coeira et al., 2018). Trust is possibly the strongest 

driving factor in over-reliance, when trust is incorrectly 

calibrated against system reliability (Goddard et al., 2012). 

Number of factors influence trust such as the user’s own 

experience with the system or the extrinsic source such 

as the reputation of the system technology in the user’s 

social circle (Han, 2013). To mitigate automation bias, the 

notion of optimal trust is introduced by Asan et al. (2020) 

by advocating for fairness, transparency, and robustness 

in the system. 

The European Commission set up a framework for 

Trustworthy AI, in which exposures are defined as ethical, 

technical, and legal considerations related to the use of 

the AI system.” (Lemonne, 2018) The framework proposes 

seven requirements to self-assess trustworthy AI systems 

in terms of 1) Human agency and oversight, 2) Technical 

robustness and safety, 3) Privacy and data governance, 

4) Transparency, 5) Diversity, non-discrimination and 

fairness, 6) Societal and environmental wellbeing, 7) 

Accountability. However, Zicari et al. (2021) argues that 

the framework offers a static checklist and does not 

provide specific guidelines during design phases. 

With the advent of Europe’s General Data Protection 

Regulation (GDPR), other issues also come into play. For 

instance, Article 22 states that “the data subject shall 

have the right not to be subject to a decision based 

solely on automated processing”. A digital scribe by 

definition would thus always require a clinician to sign 

off on the final document, and patients might need to 

explicitly consent to have their record created in such a 

way (Coeira et al., 2018). 

3.3.1.1 Automation bias

3.3.2 Intelligent documentation systems
Coiera et al. (2018) also states that there is little 

consensus on the core features that should constitute 

a digital scribe, since there has been little exploration 

on the topic. In a hospital, clinicians spend almost half 

of their day interacting with EHR system interfaces while 

carrying out documentation activities. It is evident that 

EHRs and decision support systems provide value to 

clinicians to carry out documentation tasks (Schnipper 

et al., 2008). However the main challenge is to simplify 

these tasks with intelligent documentation systems. 

Currently, much of a patient’s story is captured in non-

standardized narrative format which leads to highly 

unstructured clinical notes (Rosenbloom et al., 2011). An 

enabler is provided by Schnipper stating that requesting 

structured, and coded data entry could help. Structured 

entry systems may allow users to create templates to 

maximise data structure and completeness (Rosenbloom 

et al., 2011). Structured clinical data can also be linked to 

knowledge of evidence-based medicine and queried at 

the point of care (Schnipper et al., 2008). 

Template-based systems can facilitate clinical 

documentation and the ordering of procedures (Henry 

et al., 1998). To configure the templates, Gardner and 

Pearce (2013) suggest sections to include the patient’s 

medical history, family history, physical examination, the 

diagnosis, planning, and prescriptions to be listed in a 

tabular format on the computer screen. Several studies 

conclude that clinicians prefer narrative charting 

because it fits individual documentation styles (Gardner 

and Pearce, 2013) and flexible note taking (Rosenbloom 

et al., 2011).

Patient identifiers (i.e. name, medical record number, date 

of birth, physician name, and date of service) are needed 

for correctly processing inbound referrals, physician 

orders, clinical notes, and medical records requests 

(Mathioudakis et al., 2016). Extracting this information 

allows for intelligent indexing of incoming documents so 

they can be linked to the appropriate patient record in the 

EHR. Machine learning has the potential to securely and 

privately read the document, and analyse the content to 

speed up clinical and administrative processes. (Larkin, 

2020).

Document automation also offers the possibility to 

provide automated suggestions*. The suggestions can be 

potentially extracted from the processed conversation 

as text input in the corresponding template sections. 

However, the challenge is to design the interface in a 

way that the clinician stays critical about the suggestions 

while displaying system transparency.

Figure 19: Transparency as a possible way to improve trust in AI (Asan et al. 2020)

*the term automated suggestions will be used often later in the process
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3.4 Workflow level

3.4.1 AI-enabled service design

Literature mentions concerns related to a digital scribe’s 

clinical utility, such as the effect on a physician’s workflow 

(van Buchem et al., 2021). They are willing to consider IT 

solutions to support clinical practice but require that it 

fits into their workflow (Schnipper et al., 2008). To figure 

out the needs, qualitative research into clinician’s daily 

workflow is encouraged as part of product development. 

Designing for the workflow is a holistic level of the entire 

user experience throughout clinical documentation. 

The term user experience (UX) is used for designing the 

experience on the interface, while the interface could also 

connect service touchpoints over time (figure 20). State 

of the art service design often embeds technologies 

throughout digital channels in service solutions (Jylkäs 

et al., 2019).

In the case of the digital scribe, the core value is in the 

advanced technology behind the software. The recorded 

conversation can be referred to as a data source which 

feeds the natural language processing models in order 

to speed up clinical documentation. Processing power is 

increasingly utilised for automating mundane tasks and 

processes (Jylkäs et al., 2019). As products are becoming 

more and more data-driven, there is a trend to employ 

AI to personalise service content (Reavie, 2018). AI has 

the potential to become an enabler for value creation in 

digital service channels (Vargo & Akaka, 2012) connecting 

multiple touchpoints. Digital service solutions are often 

offered in the form of software as a service (SaaS) that 

allows delivering service experiences via the Internet. 

For ease of access and manageability, SaaS products 

make use of cloud-based integrations therefore often 

offered as a web-application.

• To design for ASR, two microphones are needed to listen to the conversation.

• The picked up words influence the ability to automate with NLP. The processed 

speech can potentially be coupled to commands in the software to control the 

interface.

• Since there is no checklist of what features a digital scribe should have, qualitative 

work is encouraged in the context.

• A collaborative scenario should be designed, where we automate what is possible 

(partial automation) but the clinician has ultimate control over the interface. 

Guidelines should be taken into account to design for human-AI collaboration.

• Trust towards the system will build up over time, and can not be quantified. An 

enabler for trust is system transparency.

• With a template-based system, the notes can become structured and lead to 

improved data quality.

• Many papers question the clinical utility of the digital scribe if it does not fit into 

the workflow of clinicians, therefore their daily operations need to be understood.

Chapter 3 takeaways
Figure 20: Experience levels
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To research the context, user research was planned and separated 
into two activities. First, semi-structured interviews took place to 
understand the clinician perspective and build upon learnings from 
literature. Second, job shadowing was performed in two hospitals to 
witness clinical documentation and see the day-to-day operations 
of orthopedic surgeons. To synthesise the findings, user personas 
and journey maps were created from these activities. Two driving 
questions set the goal for this activity:

Chapter 4
Understanding the context

What are the current documentation habits of orthopedic surgeons?
How can the digital scribe aid surgeons during note taking?
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User research
4.1 User interviews

4.1.1 Insights

Frustrations

Focused attention

In order to gather first-hand perspectives on the 

implementation of the digital scribe, a set of user 

interviews were carried out with target end users. 

For the interviews a semi-structured interview guide 

was prepared including open-ended questions and 

topics informed by prior literature study (Chapter 2). 

These topics are namely the influence on consultation 

style, controlling the recording, and the utility of audio 

compared to transcripts. Literature also informed 

some assumptions as well as possible biases that could 

influence the inputs. For example, the level of computer 

literacy is an influencing factor (Sutton et al. 2020). 

The understanding of the involved technologies also 

influences their attitude towards new solutions. Also, 

experience level is indirectly related to age (Goddard et 

al. 2012).

In total, 6 orthopedic surgeons were interviewed and 

two non-orthopedic clinicians for practical reasons. The 

interview participants were recruited via the network of 

the company, which could also lead to a generally positive 

attitude towards the solution. All interview participants 

were informed about their voluntary participation in the 

study beforehand and presented with a consent form so 

that inputs can be quoted in this thesis report. 

The interviews were conducted in a 1-on-1 setting, either 

in person or remotely. The recruitment was possible 

via the collaborating surgeons of the company. The 

interviews were audio recorded upon approval and 

transcribed. The transcriptions were analysed using Atlas.

ti using qualitative labelling. In the software, it is possible 

to add co-occurring codes which also show relationships 

between clusters. During the labelling, 10 clusters were 

identified as a result of the analysis. In figure 21, an 

overview of the clusters are displayed. For each cluster, 

the findings are first summarised as an explanation of 

the cluster and followed by some representative quotes 

from the interviews.

Clinicians have numerous frustrations in their current workflow and interaction with the current 

EHR system. Due to the time pressure, they typically need to start typing the documentation during 

the consultation already which leads to having to typing blindly that could lead to typing errors. 

The mentioned frustrations also influence the behaviour of the clinician as well as their interaction 

with the patient during consultations. It is clear that they value interacting carefully with the patient, 

but the computer stands between the clinician and the patient. Many questions of the conversation 

are repeated in each consultation which adds to the value of standardising the anamnesis. Having 

to ask the same set of questions does not leave room for the clinician sometimes to ask deeper 

questions to the patient. 

“I type blindly [during the consultation] not 10 fingers, but I think five 
or something.”

“Most of the time with a certain complaint, I ask the same questions. 
And so that’s not really beneficial for the consultation, [...] if you get 
more space inside the consultation, you can move focus on what’s 
really the question behind the question.“

“Sometimes I notice after a couple of seconds that my hands are a 
little bit moved off to the right or left and then it’s completely jibberish 
what I’m typing.”

“I think it would be very helpful because I am able to type and 
talk and I think my focus will be greater if I don’t have to type. So I 
only have to correct it or check it afterwards.”

Documentation style

Every clinician has their own style of documentation and writing up their notes. Due to the 

repetitiveness and time pressure, many clinicians use abbreviations in their notes for example 

PT (physiotherapist), LI (links =left), RE (rechts =right), A/ (anamnesis), O/ (onderzoek = research). 

All clinicians are aware of the commonly used abbreviations. Often they have to paraphrase their 

medical advice in simple terms to patients, but they have to do documentation in medical terms.

Figure 21: Clusters from interview analysis
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Utility of the transcription over the audio recording 

Behaviour and interaction during consultation

Implications for intelligence

If we start recording and transcribing clinical conversations, there will be both an audio recording and 

a transcription of the conversation. The two contain the same information, but they might provide 

different value to both the clinicians and patients. It was highlighted by multiple clinicians that the 

fact that you can search in the transcription file would be valuable. However, they would not have 

time to go through the entire transcription, and definitely not for listening back to the audio.

The need to carry out documentation during the consultation also hinders the behaviour as well as 

the interaction with the patient. The computer is between the clinician and the patient, requiring the 

clinician to multitask between talking and typing which divides their attention.

Clinicians wish to design the system such that it is self-learning. Also, the system could notice 

differences between behaviours, if for example the same task is done slower compared to other 

times, the system could sort of ‘check on’ the clinician to avoid error-prone notes. The preference 

was also raised to let the algorithm adapt to individual changes so that it can accommodate individual 

documentation styles.

full image picture

“And again, I can imagine that you use the transcription then you can just search 
in the transcription file, whether you already discussed it with the patients.”

“I think that’s how the computer really stands literally between me and my 
patients. And I’m looking at the screen. … and that’s why I find it interesting that I 
think I can add value to my consultations.”

“My ultimate goal would be that every clinician has a personal algorithm just 
during the whole process but when you’re doing an outpatient clinic, that 
algorithm you use is trained by adaptations you made.. because your if you have 
a different doctors, you will also get subtle changes in the way they talk or what 
they find more important.”

“ … during the conversation I’m typing, and I’m looking at the screen 
instead of the patient during the consultation.”
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Concerns about language use

Fear of control

Indifferences

Trust towards the system

Next to opportunities, naturally there are also concerns towards the system. Multiple clinicians have 

concerns to what extent the system can work for different clinicians if they use different words for 

the same topic. Also, the fact that it is a computerised system makes clinicians worried that not all 

scenarios are pre-programmed in the system. 

In addition to concerns, there are also fears. Not having control over what goes into the EHR was 

mentioned, which should be carefully considered in a hybrid scenario. Also, spreading the data 

inappropriately i.e. on the internet was a potential fear. Also, as any human being, clinicians also have 

better and worse days which might influence their consultations. In case a consultation is recorded 

that they are less confident about, it might make them feel uncomfortable.

While some clinicians have fears, others feel indifferent towards recording their consultations. Being 

indifferent was true for multiple interviewees, which could be influenced by personal characteristics 

or level of experience. Clinicians are motivated to deliver the best care, and are professional to focus 

on their work. If they focus on their work, they are confident that the recorded data will also reflect 

the quality of care they deliver. 

Trust towards the system will be built up over time. If the product has clear benefits for the clinicians, 

they are open to it and could get used to it. They will trust the system if it proves itself over time, or 

a statistical overview of success metrics would encourage them to implement it.

4.2 Job shadowing
To understand the context, job shadowing was 

performed both in an academic and a non-academic 

hospital in the Netherlands. Shadowing is a qualitative 

research method where the researcher follows the end 

user throughout a day to see and learn from their day-

to-day operations. Observing reality can lead to a better 

understanding of existing behaviours in order to design 

a product experience. The research question was the 

following:

In terms of procedure, the shadowing was arranged 

taking into account the surgeon’s availability and 

schedule. Upon agreement, the plan was to follow one 

surgeon throughout his entire shift and just observe 

without interfering. At the end of the shift, questions 

were raised in a follow-up interview.

As a preparation, the observation was planned in advance 

to make sure it will go smoothly. The main objective was to 

identify the documentation tasks that the clinician does 

during a typical shift. Also, the phases of a consultation 

were important to recognize as well as measure how 

much time is spent on each phase. From the shadowing, 

the plan was to develop a better understanding of the 

end user and also to map out his observed experience 

during the full shift and from a typical consultation. From 

a relationship perspective, it was also interesting to pay 

attention to the interaction between the clinician and the 

patient and note how documentation affects it. Mainly 

the clinician’s emotions are relevant for the journeys in 

this project. The detailed plan for job shadowing can be 

found in Appendix C.

Job shadowing was performed in two hospitals: at the 

University Medical Center Groningen (UMCG) and at the 

Elisabeth-TweeSteden Ziekenhuis (ETZ). At each hospital, 

one day was spent following the same shadowing plan. 

From the shadowing activity, differences were identified 

between academic and a non-academic hospital. The 

next table (figure 22) highlights these differences.

RQ1. What is the full cycle of clinical documentation in hip arthrosis 
consultations and how can it be automated using NLP technologies?

 1a. Which documentation tasks in hip arthrosis are time consuming/
frustrating/sensitive to errors and technically feasible to automate?

“So that’s a concern of mine that it’s not optimal for things that are just outside of 
what is known to the computer. You know, if I say something slightly different or 
use another word then it doesn’t fill in anything”

“It’s an interesting question. I don’t know. I think that if you do what you do well 
and do it conscientiously then I would let you do it [recording the consultation] 
without any problem”

“If It proves itself over and over again. Okay, I have to have successful 
experiences a couple of times, and then I would trust it.”
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In an academic hospital, there are about 10-15 

consultations scheduled during a half day shift. Here 

typically more complex patient cases are presented 

therefore the consultations can take longer varying 

between 10-30 minutes. The complexity of the case also 

influences the flow of the conversation. Consultations in 

an academic hospital are less homogeneous therefore 

more challenging to automate with NLP. Here an 

orthopedic surgeon might mostly do documentation 

tasks after the consultation (figure 23) which could take 

almost the same time as the consultation itself (46%). 

Since more time passes from the conversation until 

documenting the exact content, it is possible to forget 

what to document in the notes which is a challenge for 

the clinician.

4.2.1 Academic hospital

4.3 Synthesis

In a non-academic hospital, it is usual to have around 

30 consultations scheduled in a day at an outpatient 

clinic. These patient cases are more simple, therefore 

the consultations are shorter (5-10 minutes). The flow of 

the conversation follows a typical order of questioning 

which makes these consultations much more 

homogeneous. In this context, it is not possible to not 

start on documentation tasks during the consultation 

time. There is a very high pressure on time and a strict 

schedule to follow. If for any reason there is a delay in 

time, the surgeon needs to finish the documentation 

tasks after the entire shift. 

Based on the user research activities, two types of 

clinicians were identified that were translated into user 

personas. Personas are a representation of the target 

user profile which summarises the key characteristics, 

motivations and frustrations of the end user of the 

product. The two types of user personas were named as 

The multitasker and The balancer (figure 24). 

The names were inspired by the nature of the repetitive 

documentation cycle that requires orthopedic surgeons 

to juggle between a variety of tasks. The key difference 

is whether the clinician does the documentation during 

or after the consultation. The balancer mostly does 

documentation after the consultation that typically takes 

almost as much time as the consultation itself thus trying 

to balance the time between caring for the patient and 

documentation. In comparison, The multitasker mostly 

does documentation during the consultation while 

constantly multitasking between talking to the patient 

and note taking.

4.2.2 Non-academic hospital

In both contexts, the documentation tasks are the same 

for orthopedic surgeons. Since less complex cases are 

typically presented in a non-academic hospital, the 

conversations are more structured in those consultations. 

For this reason the more structured conversations are a 

better use case for the digital scribe to automate with 

NLP. Last but not least, since there are many more non-

academic hospitals in the Netherlands, there is also 

bigger market potential for the Assistant. 

4.3.1 Personas

Figure 22: Differences between academic and non-academic hospitals

Figure 23: Length of consultations in an academic hospital

Figure 24: User personas
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4.3.2 Journey maps

The multitasker (figure 25) typically works in a non-

academic hospital responsible for both orthopedic 

surgery and seeing those patients in an outpatient 

clinic. He gets 10 minutes scheduled for every single 

consultation according to schedule. He is motivated to 

help each patient in the given time but already gave 

complaints to the hospital that it is almost impossible to 

help the patient in such a short time. He does his best to 

stick to a fast-paced schedule throughout the day and 

stay professional in all situations. 

Patients are human beings therefore all are different 

in a way. Since some patients require more time than 

others, it is likely that there is not enough time to finish 

documentation for each. Therefore every evening he 

has to spend an hour to finish documentation, which is 

one of his main frustrations. Due to the time pressure 

sometimes he has to type blindly. He is really frustrated 

with the information architecture of EPIC.

The balancer is an orthopedic surgeon who typically 

works at an academic hospital.  The balancer persona 

can be found in Appendix F. In an academic hospital 

there is less stress on the schedule, he can take the 

time to answer all individual questions of each patient. 

That means that he usually does documentation tasks 

in-between consultations. He is motivated by perfecting 

every ‘Conclusion’ of the notes. In an academic hospital 

a diverse range of patients occur from simple to complex 

cases, which means it is different to empathise with all of 

them. 

From the job shadowing activities, two journey maps 

were made: one for the entire day and one for a typical 

consultation cycle (figure 27). The shadowing activity 

made it possible to understand existing behaviours of 

the end user and journey maps visualise the observed 

user experience. 

Name: Stan Koppelmans
Age: 35 years
City: Eindhoven, Netherlands
Occupation: Orthopedic surgeon
Hospital: Elisabeth- Tweesteden Hospital (non- academic)
Membership: Data Science Center in Health

Motivations
spend 10 minutes on each consultation
help each patient in the given time
stick to fast- paced schedule throughout the day
stay professional in all situations

Frustrations
every evening he has to spend an hour to finish 
documentation
constant multitasking between patients and documentation
blind typing during consultations
some consultations take longer than others that makes him 
rush for the rest of the day
information architecture of EPIC

Bio
Stan lives in Eindhoven, completing his orthopedic surgeon 
training in Tilburg. He specialises in fractures and does hip, knee 
and shoulder consultations. He also attended healthcare 
management course, where he got enthusiastic about big data. In 
his free time he likes to go travel with a camper van.

"I already gave 
complaints that I 
can not help the 

patient in 10 
minutes"

'The multitasker' - non- academic orthopedic surgeon

The balancer is frustrated by the constant switching 

between the notes and the Electronic Patient Dossier. 

Also, he is irritated by the fact that he has to search for 

the MRI scan of each patient while it is relevant to show 

in every single consultation. He needs to send each 

referral separately in the EHR for which he is always 

copy-pasting text from the notes.

The Assistant could be of value to 

both types of clinicians, but the 

implications are different (figure 

26). For The Multitasker, the 

speed for documentation needs 

to be much higher. For him, the 

probability of making errors is high 

due to time pressure and blind 

typing. For The Balancer, there is 

a chance that he forgets content 

to document by the time he 

starts doing documentation since 

more time passes. For both, it is very challenging to 

improve documentation at the end of the shift. 

Figure 25: The multitasker

Figure 27: Journey mapping methods

Figure 26: Implications of the solution for both user personas
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#1

8:30

#3

9:00

#5 #6

9:30 10:00 10:30 11:00 11:30 12:00

#7 #8 #9 #10 #11 #1 2 #13 #14 #15 #16 #17

12:30 13:00

#19

13:30 14:00

#20

14:30 15:00

#21 #23 #24

15:30 16:00

#25 #26 #27 #28 #29

"I spent more 
time on 

preparing than 
I wanted to"

"I am 20 
mins late"

"Uh, 4 more until 
lunchtime..."

"I find it annoying 
that some take 

longer than others 
then I have to rush"

“Hmm, I 
should have 

called another 
patient  
earlier”

“Ah I 
thought it’s 

the last one”

"So now I type the 
main things, but the 

next patient is already 
there so I will finish it 

in the evening and 
make it longer"

“I am one 
consult behind, 

so I have to 
work faster”

preparation for the shift

evening/next day
day before/morning

finish documentation of the shift

"Hmm, I don't 
remember 
details..."

“I can't find the 
nurse to update 

her about the 
consult. Whatever, 

we have to 
continue”

4.3.2.1. Workflow of a day

From the job shadowing activities, two journey maps 

were made: one for the entire day (figure 28). and one 

for a typical consultation cycle The shadowing activity 

made it possible to understand existing behaviours of the 

end user and journey maps visualise the observed user 

experience. 

The transitional journey map is a visual representation of 

a typical day of an orthopedic surgeon in an outpatient 

clinic scheduled with ~30 consultations. In figure 29, a 

legend for interpreting the map is shown.

Before a working day, there is already time spent on 

preparing a day at the outpatient clinic. On a typical 

working day, consultations are scheduled between 8 and 

5. The consultations are mapped out throughout the time, 

of which some of them were phone consultations. For each 

consultation, the time snippets spent on talking to the 

patient and spent on documentation is visualised. There 

are constant transitions from one activity to another. 

The transitions and constant switching lead to divided 

attention that could also lead to error-prone note typing. 

The multitasking both pressures and tires the clinician.

Due to the time pressure, starting on documentation 

is inevitable during the conversation already. The 

documentation is focused on the main points and formed 

by the clinician’s preferences and documentation style. 

Typically, physical examination takes the most time 

during consultations which is more relevant for new 

patients (patient intakes) or if the patient state worsened. 

Overall, the documentation cycle is very much repetitive 

throughout each consultation.

Between the consultations some time is always spent on 

finalising notes of the consult, while already preparing 

for the upcoming consultation. If one consultation takes 

longer due to the patient being more difficult, that 

requires more attention and all the next consultations 

are delayed, which stresses the clinician to speed up. 

If making up for the delay is not possible, the surgeon 

needs to finish doing the documentation in the evening 

which adds to burnout rates and reduces physician 

satisfaction. The quotes give contextual understanding 

of the workflow of an orthopedic surgeon, that was 

collected via asking questions in the meantime. 

Figure 28: Transitional journey map (non-academic hospital)

Figure 29: Legend to interpret the journey

“So now I type the main things, but the next 
patient is already there so I will finish it in the 
evening and make it longer...”
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4.3.2.2. The consultation

After analysing the workflow of an orthopedic surgeon, 

it is time to zoom into the consultation room. A journey 

map for a consultation cycle was created (figure 30 and 

31). The cycle of documentation starts before the patient 

enters with a quick preparation of the patient file. In this 

step, the surgeon looks back on the conclusion of the 

previous consultation and checks on any update.

Typically each consultation starts with a general check 

to find out the current state of the patient and the 

reason for visiting. Next, during the evaluation phase 

the surgeon checks if the treatment is working (in case 

of recurring patients) with more focused questions. 

The patient explains the complaints and pain (s)he is 

experiencing and gives an update about physiotherapy 

if applicable. In case of pain, then comes the physical 

examination phase where both the surgeon and the 

patient move to the examination table. Here the surgeon 

assesses the range of motion and the patient’s capacity 

to move and find the source of pain. The physical 

examination takes the most time of a consultation 

which needs to be accurately documented, but in the 

meantime it is impossible for the clinician to take notes. 

In the last phase, the surgeon formulates the diagnosis 

and responds to the patient’s individual questions.

phases

check previous 
conclusion of the 

patient

general check

check if the treatment is working 
with focused questions

physical examination

assess range of motion; observing patient's capacity of 
walking, sitting, standing, bending etc.

evaluation

actions

"I wonder what 
happened with 

the patient 
since"

for what is 
the patient 

coming?

"what did the 
physio say?"

Do you have 
any other 

questions?

"EPIC is not 
intuitive"

send referrals to 
colleagues 

"Correspondentie"

write a letter to GP

fill out 
EPD form

looking at MRI 
scan of patient

tell nurse 
to 

schedule 
next visit

"counseling"

description: goal of 
the pase

thoughts

“The last time I 
ordered an MRI 

scan, why does not 
the system know 

that?"

open 
patient file

sign 
patient 

file

emotions

respond to patient's individual 
questions

preparation     

quick prep of patient's file
type in EHR system the medical outcomes; the expert 

conclusion; and relevant next steps
find out the general 
state of the patient

have a conversation with the patient perform physical examination

"Your lab results 
are..."

discuss next 
steps

2. 'Onderzoek / Inspectie' 3. 'Aanvullend 
onderzoek'

1. 'Anamnesis'

"it is a lot, 
but I can’t 

make it 
shorter"

why do I 
have to type 

the same 
information 

again?

"how does 
this feel?"

I click on it and 
can not find it, 

why is that?

+

_

irritated

annoyed

thinking

caring

focused

fulfilled

focused

inspect 
body parts

palpation

pressured

overwhelmed
annoyed

frustrated

bothered

accomplished

type out notes of the consult place orders

"I have to 
remember to  
inform the GP 

about this!"

conscious

"does this hurt?"

"I have to 
remember x 

degrees 
rotation"

frustrated

clinician

patient

enter

explain the 
status

update on 
physio

explain 
pain level

undress dress up
undergo physical 

examination ask clarifying 
questions

sit 
back

5. 'Beleid'

Last week was 
quite bad, my 

complaints are...

~10 mins

consultationpre- - post

~2 mins ~3 mins

wrap up documentation

welcome 
patient

let 
patient 

out

finalise conclusion

4. 'Conclusie'

doc

"if I look at a scan, 
I immediately 
know which 

patient it is since I 
am very visually 

driven"

interaction

I have this pain...

"where is the 
pain?"

Auch!
There is 
the pain!

"Please turn 
around"

Yes!

conversation

leave

read letter 
from GP

"What we are 
gonna do..."

"I will just copy- 
paste this in my 

notes"

“I always struggle 
with this because 
I really want the 
conclusion to be 

perfect."

"I have to send 
an order for a 

new MRI"

excited

focused

"Ah, I have to 
multitask!"

"how are you 
doing?"

“The conclusion 
should be perfect 

because that is 
going in a letter to 

the GP"

concentrated

"It is really 
annoying, all the 
clicks I have to 

do"

searching for 
previous lab 

results

"I think it is 
beautiful, to 
give back the 
freedom to 

move again"

“I don’t do 
anything actually, 

all I do is 
counseling”

Figure 31: Consultation journey (non-academic hospital)

Figure 30: Legend to interpret the journey

After the patient leaves the consultation room, the cycle 

of documentation continues since the notes need to 

be formulated and finalised. The ‘Conclusie’ is the most 

important part of the notes and can be reused for follow 

up documentation tasks such as sending a letter to the 

GP or placing an order for a lab.

“I always struggle with this because I really want 
the conclusion to be perfect.”
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RQ1. How can the full cycle of clinical documentation in hip arthrosis 
consultations be automated using NLP technologies?

 1a. Which documentation tasks in hip arthrosis are time consuming/
frustrating/sensitive to errors and technically feasible to automate?

Opportunities

The full cycle is illustrated in the journey map. From 

the experience line, the negative emotions can imply 

opportunity areas to improve with the Assistant. For 

example, reading a letter from the GP causes frustration. 

Some part of the content is often reused in the notes of 

the clinician. Since that is text, that can be also utilised as 

a data source to help the clinician. Also, during physical 

examination there are a lot of details to remember which 

leads to frustration. Physical examination is the longest 

part of the consultation during which it is impossible 

to type notes. The intuitiveness of the EHR leads to 

annoyance which provides an opportunity to improve 

the user experience. Follow up documentation tasks 

can also be automated by picking out certain words 

from the conversation. However to automate that, an 

integration with the EHR will be required.

Chapter 4 takeaways
• Both interviewing and shadowing helped to empathise with the end user.

• Qualitative insights made me understand that each clinician has their own 

documentation style which they are also proud of. It will be a challenge to 

design an interface that fits all the needs and standardise data entry. 

• Journey mapping helped to identify the phases of the consultation and see 

how they are connected to the sections of the notes.

• It was an unexpected finding that there are differences between academic 

and non-academic hospitals. Due to the homogeneity of the conversation, 

together with the company we decided to focus on the non-academic 

context in the project.

• Shadowing in a non-academic hospital showed the very repetitive routine to 

help by developing the Assistant. 

• The multitasker persona has a very high-paced schedule and many 

frustrations that could potentially be improved.

Image: Context
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Chapter 5
From research to design
This chapter bridges the research phase with the design phase. 
The vision of the  product is introduced to scope the design 
space. The product roadmap for the Assistant is revealed in 
detail with the implementation steps and corresponding value 
propositions. In light of that, the design goal is defined and a 
concluded list of user requirements is presented.
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5.1 Product roadmap

5.1.1 Design goal

Vision of the Assistant
To win time with the Assistant, we should try to automate 

what is possible but also provide the flexibility to edit the 

notes. In order to automate note taking, the text entry 

needs to be structured through the anamnesis standard 

(figure 32). Structured data enables partial automation 

and can be organised into templates.

By introducing the Assistant, the value proposition 

has multiple pillars. On one hand, the Assistant aims 

to provide a much better user experience than how 

typing is currently done in the EHR. As of today, typing 

free text in the EHR is limited to that person and time 

and is not stored in a transferable data format. Without 

structuring the data entry, documentation tasks can 

not be automated. Through the Assistant, we also 

standardise structuring data entry through design. 

That is why the design phase focuses on designing 

for template completion where the data input is as 

structured as possible but free text input always remains 

possible. The Assistant will be a web-application since in 

the beginning of the implementation it is risky for EHR 

vendors to integrate third party products.

The Attendi Assistant will offer a part of the total 

data collection: the consultation anamnesis. For the 

anamnesis, templates are built by clinicians in their 

specific domain and will be reused by all users. In the 

future, the Assistant will expand its offering, and gather 

data throughout the entire patient journey pre- and 

post-consultation.

A roadmap for implementing the digital scribe was 

provided by the company (figure 33). The Assistant 

is planned to be implemented in hospitals in 3 steps: 

1) establishing a recording infrastructure 2) providing 

an application for template completion 3) scaling the 

template options and finalising integration with the 

EHR system. Each step leads to a value proposition and 

product features. To support the value proposition, the 

design phase was informed by extracting UX features 

from Step 1 and Step 2 (Figure 33). so that they are 

considered.

Partial automation also implies that the clinician has full 

control over the text entry. That is how the theory of the 

collaborative aspect between the user and the algorithms 

translates into designing the interface. To provide value 

to clinicians, automated suggestions could potentially 

speed up clinical documentation. Using the Assistant 

should allow for flexibility where the clinician can always 

edit the notes to fit individual documentation styles. 

The interface should support system transparency to 

increase trust towards the system. By displaying where 

the suggestions come from, the clinicians can also judge 

whether to accept, reject or edit the suggestions and 

add their own notes.

Scale templates &
enable data sharing for 

output

Implementation step

Value proposition

Step 1 Step 2 Step 3

Consultations can be recorded, 
data becomes accessible

High quality anamnesis completion in 
terms of completeness and data 

structuredness.  Templates will always 
be suggested based on the transcript

Computer- led clinical documentation 
system which is better compared to 
the anamnesis in the EHR. Over time 

the amount of templates will increase.

Product goal

Recording Infrastructure /
Data sharing engine

Template completion 
application

- Web- based application
- Option to record a consultation
- Option to save with patient credentials: audio, 
transcript
- Option to query all consultations and matching 
files
- API behind the files to share the files

- After recording: relevant template is suggested
- Template with standardized set of information 
fields required for type of anamnesis
- After selecting template, transcript is analyzed 
and template is partially filled with data
- Click and type to complete anamnesis as fast as 
possible with minimal free text
- Template is aligned with information standards 
as much as possible
- Data is saved and can be Ctrl+C as text

- Integration with patients through EHR system
- Save button automatically shares the data with 
EHR

+

+

Key product features

UX features
- record consultation
- save files
-  query all files
- search within transcript

- select a template
- fill in input fields
- copy text
- save template

- save notes in EHR

Scale templates &
enable data sharing for 

output

Implementation step

Value proposition

Step 1 Step 2 Step 3

Consultations can be recorded, 
data becomes accessible

High quality anamnesis completion in 
terms of completeness and data 

structuredness.  Templates will always 
be suggested based on the transcript

Computer- led clinical documentation 
system which is better compared to 
the anamnesis in the EHR. Over time 

the amount of templates will increase.

Product goal

Recording Infrastructure /
Data sharing engine

Template completion 
application

- Web- based application
- Option to record a consultation
- Option to save with patient credentials: audio, 
transcript
- Option to query all consultations and matching 
files
- API behind the files to share the files

- After recording: relevant template is suggested
- Template with standardized set of information 
fields required for type of anamnesis
- After selecting template, transcript is analyzed 
and template is partially filled with data
- Click and type to complete anamnesis as fast as 
possible with minimal free text
- Template is aligned with information standards 
as much as possible
- Data is saved and can be Ctrl+C as text

- Integration with patients through EHR system
- Save button automatically shares the data with 
EHR

+

+

Key product features

UX features
- record consultation
- save files
-  query all files
- search within transcript

- select a template
- fill in input fields
- copy text
- save template

- save notes in EHR

Figure 33: Product roadmap based on company input

Figure 32: Data structuring through the Assistant
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5.2 User requirements

5.2.1 Scope

To guide both design and development, a list of 

requirements were collected from a clinician perspective 

(Figure 34) as one of the deliverables. The requirements 

are extracted from the findings from literature research, 

user research and product roadmap and separated on 

UX and service design (SX) level. The requirements were 

prioritised using the MoSCoW method and first discussed 

with the medical lead. MoSCoW is a prioritisation 

technique used to reach a common understanding with 

stakeholders on the importance of each requirement. 

In the process, many requirements were influenced 

by technical considerations and also product strategy. 

For this reason, the final list was consolidated together 

with the product manager and the CTO of the company 

(figure 35). For example, the decision had to be made 

whether we process the speech real-time during the 

consultation or only at the end of the consultation. We 

made the decision that during the first build we will not 

process the conversation real-time, so voice commands 

from the requirements were eliminated. Also, advanced 

features (i.e. personalise suggestions) were deprioritized. 

At this stage it was important to define the scope for 

the prototype (figure 36)that will also shape the design 

process. In light of that, the prioritisation of the MoSCoW 

method was also influenced. To provide the most value 

to the company, the decision was made to design for 

the first build and leave out features that will only be 

technically feasible in some years. 

Prioritisation

User requirements

UX level Task type Group # Requirement Source

UX Note taking 

General

1
Using the assistant can be 
initiated from the EHR system of 
the hospital

Shadowing (Participant #4, Participant #6)

2 Using the assistant has a minimal 
learning curve Shadowing (Participant #4, Participant #6)

3
Display patient credentials for 
each transcript: Name or patient 
ID [Open text field], Date & Time

AI Design Guidelines G2: show contextually relevant 
information

State of 
recording

4 Visual feedback of the system 
listening

Voice-user interfaces (VUIs) need to know when a user starts 
speaking as well as when the speech has ended (Pearl, 2016)

5 Visibility of system status: 
recording started/listening/ended Nielsen’s usability heuristics (Nielsen, 1994)

6 Be able to manually start the 
recording

physicians stated that they might agree to record only part of 
the visit, provided they could control the process (Joshi et al., 
2020)

Be able to manually pause the 
recording Roadmap, user control

7 Be able to manually stop the 
recording Roadmap, user control

8 Receive warning if recording goes 
into a technical error Nielsen’s usability heuristics

STT

Transcript

9 Be able to search in the transcript

Quote 11: And again, I can imagine that you use the 
transcription then you can just search in the transcription file, 
whether you already discussed it with the patients. (Participant 
#4)

10 Display separately who said what 
according to the dialogue

Quote 12: It's very important to see what the patient said, 
whether it was a day or two weeks or two years before, to see 
what they said then, even if it's again and repeat it and focus on 
where they are now. (Participant #3)

Notes

11 Option to export/copy/print the 
notes Roadmap

12

Summary to be structured: 
'Anamnesis', 'Onderzoek', 
'Aanvullend Onderzoek', 
'Conclusie', 'Beleid'

Shadowing (Participant #4, Participant #6)

13 Option to copy 'Conclusie' text Shadowing (Participant #4, Participant #6)

Audio

14 Option to listen back to the audio

Quote 12: It's very important to see what the patient said, 
whether it was a day or two weeks or two years before, to see 
what they said then, even if it's again and repeat it and focus on 
where they are now. (Participant #3)

15 Match audio with transcript as 
you play the audio

Quote 12: It's very important to see what the patient said, 
whether it was a day or two weeks or two years before, to see 
what they said then, even if it's again and repeat it and focus on 
where they are now. (Participant #3)

Template

During 
interaction

16
Enable the user to accept 
suggestions for template field 
completion

AI Design Guidelines G8: Support efficient dismissal: Make it 
easy to edit, refine or recover when the AI system is wrong

17
Enable the user to accept 
suggestions for template field 
completion

AI Design Guidelines G8: Support efficient dismissal: Make it 
easy to edit, refine or recover when the AI system is wrong

18
Enable the user to edit 
suggestions for template field 
completion

Quote 31: So if it then goes into error, I have to do it myself 
anyway. So that's that's a concern of mine that it's not optimal 
for things that are just outside of what is known to the 
computer, you know, yeah. I say slightly different or use another 
word, that it doesn't fill in anything.  (Participant #5)

19 Option to sign off patient file 
before exporting to EPD

A digital scribe by definition would thus always require a 
clinician to sign off on the final document, and patients might 
need to explicitly consent to have their record created in such a 
way (Coeira et al., 2018). 

Over time

20 Enable the system to learn from 
the changes the user make

Quote 12: My ultimate goal would be that every clinician has a 
personal algorithm just during the whole process but when 
you're doing an outpatient clinic, that algorithm you use is 
trained by adaptations you made.

21 Personalize automated 
suggestions to each clinician

Quote 13. because your if you have a different doctors, you will 
also get subtle changes in the way they talk or what they find 
more important.

SX
Follow-up 

documentation 
tasks

22
Suggest actions for follow-up 
documentation tasks i.e. place a 
lab order  

Shadowing

23
Suggest actions for follow-up 
documentation tasks i.e. send a 
letter to GP

Shadowing

24
Suggest actions for follow-up 
documentation tasks i.e. send a 
letter to colleague(s)

Shadowing

UX Product 
manager

CTO

Medical lead

Lastly, the features that depend on EHR integration 

became less important in terms of priority.

Figure 35 Collaboration

Figure 36: Product development approaches

Figure 34: List of user requirements
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5.3 Trends

5.3.1 NLP

5.3.2 Healthcare

To inspire the design phase, trends from both NLP 

and healthcare were considered. The trends provide 

knowledge for applying the technologies in the product.

Natural language processing is increasingly employed 

in the form of chatbots, text assistants and information 

extraction (Websfarm, 2021). There is a trend for NLP-

enabled functions such as auto-complete, spell check 

and auto-correct. Also, NLP allows for speeding up search 

results so that users can get faster results. The main 

power of NLP lies in its ability to extract and combine 

information from text sources. The algorithm can use 

the information it gathers and also make decisions if 

applicable as the technology advances.

The healthcare sector is driven by four pillars to 

innovate: improving patient and clinician experiences, 

reducing the costs of care and achieving better health 

outcomes (Sinsky & Bodenheimer, 2014). More and more 

innovations pitch value propositions around patient 

centred care that requires an understanding of what 

patients value. To measure patient experiences, PREMs 

and PROMs (Patient Reported Experience/Outcome 

Measures) are increasingly utilised (Weldring & Smith, 

2013). These measurements can also serve as a data 

source to complement the recorded consultation.

Chapter 5 takeaways
• Partial automation and flexible editing will be key aspects to pay attention to during 

the design phase.

• Understanding the product vision helps to translate the value in a bigger picture. The 

Assistant also contributes to data standardisation through structuring the notes.

• The roadmap visualises the steps that will be taken to implement the digital scribe. 

From each step, UX features could be extracted to support design decisions.

• The design goal was formulated in light of the user research and key concepts from 

theory: design the interface for a hybrid scenario where partial automation and human 

control is combined.

• By going through the user requirements collaboratively with the company, the strategic 

decisions and technical limitations were understood. To aid the company, the decision 

was made to design for the first steps in the roadmap.

• Reviewed trends from NLP and healthcare provided know-hows to apply the 

technologies into the product. For example, NLP can support auto-complete options 

that could aid clinicians to search in the transcript. As the product will evolve, PROMs 

and PREMs can be added to complement the anamnesis data.
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Chapter 6
Envisioning the Assistant
To realise the interface of the Assistant, a service blueprint 
was made to map out both the user processes as well as the 
software processes based on the gathered requirements. The 
service blueprint serves as the envisioned user journey with 
the Assistant to guide both design and product development. 
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Service blueprint
A service blueprint was made to visualise the user 

steps as well as the software processes throughout a 

consultation cycle. The service blueprint represents 

the envisioned user journey with the Assistant. With this 

method the relationships between service components 

are visualised to support communication with diverse 

stakeholders and understand how the software 

processes are related to the user steps. To highlight 

the experiential aspect of the service blueprint, it was 

combined with a storyboard for both the clinician and 

the patient. To read the blueprint, an illustration is 

provided in figure 37.

6.1 User actions

6.2 Software processes

On the top, the envisioned patient journey is visualised. All 

efforts are for the patient therefore the key moments are 

highlighted. It is logical that the patient is only included 

in the journey throughout the consultation time. Under 

it a detailed clinician journey is highlighted as (s)he is 

the primary user of the digital scribe. The moments in 

the clinician journey are connected to corresponding 

user steps. In this service blueprint the touchpoints will 

take place on the interface of the Assistant, but some 

of them have implications (under Line of interaction) 

for the hardware set up. During recording, the user 

interactions will control the hardware set up so turning 

the microphone on and off. The hardware component 

only gathers the audio data and then the software 

handles it further (under Line of visibility). 

The software processes (Backstage) are 

mapped out from processing the audio data 

through automated speech recognition to 

NLP processes. As a result of the software 

processes, some actions have implications 

for the user actions (Frontstage). Throughout 

processing the speech (figure 38), with 

Attendi’s technology multiple APIs (Application 

Programming Interface) are combined. The 

ASR results in a transcript with timestamps which is 

further processed with speaker segments. Based on 

the transcript, a relevant template is suggested for the 

anamnesis. The segmented transcript (figure 39) goes 

into the NLP module, where the information is classified 

into categories and keywords. These words are mapped 

to the anamnesis standard and a score of confidence 

(%) indicates the certainty. Above a set threshold, the 

classified words become automated suggestions that 

are presented on the interface. The clinician can accept, 

reject and edit these suggestions during template 

completion. The NLP processes and the clinician input 

is part of a training loop that allows the software to learn 

over time.

Upon completing the template, it is saved and the 

text can be copied into the EHR or used for follow 

documentation tasks. The Assistant also offers the option 

to search within patient files in the database that stores 

the audio recordings, the transcripts and the anamnesis 

templates.

Figure 37: Simplified depiction of the service blueprint combined with storyboard

Figure 38: Processing the speech

Figure 39: Segmented transcript
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Figure 40: Service blueprint for the Attendi Assistant
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Chapter 6 takeaways
• Translating the technology into the service blueprint was a detailed process during 

which multiple discussions with the CTO served as important inputs.

• The combination of the service blueprint and the storyboard was a new method I 

learnt. The storyboard illustrates the steps that the user goes through, so anyone 

can understand it visually. On the other hand, the backstage part of the blueprint 

is flowchart scheme that also works well with technical people. Together, the user 

perspective and the technical considerations can be connected to see how one 

influences the other.

• During the process, the service blueprint was useful to have one overview at hand 

and facilitate discussions. The steps also informed the interfaces that should be 

implemented in the prototype.

Image source: Pexels
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In this chapter, the design approach is explained 
zooming into the interface development. For the 
concept, different approaches are considered with 
its implications. To design the anamnesis template, 
certain elements need to be defined to aid the 
design process and discussions. From the blueprint 
three core user flows are presented.

Chapter 7
Ideation
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It was critical to discuss the utility of providing the 

transcript of the conversation in comparison with a 

summary (figure 42). Although summary sounds 

like a great promise, it is really hard for NLP to 

summarise the notes based on the transcript. 

The reason for that is that the computer is good 

at analysing text within a sentence such as 

the syntax, but to comprehend logic behind a 

full paragraph is very challenging. A computer can not 

summarise a conversation the same way as a human can.

Design approach 7.1 Concepts
An iterative design approach was used for ideation where 

both the product manager and the Medical lead of the 

company was involved during multiple discussions. The 

plan for prototyping was to start with low fidelity sketches 

and go higher fidelity. Furthermore since the defined 

scope guides the design phase during this thesis time, 

the decision was made to design for scale. To do so, a 

component library was considered to define interface 

elements that are reused throughout digital product 

development. This means the components that are used 

in the prototype can be reused in future development of 

the Assistant when adding new features.

To start  low-fidelity, some sketches were made using 

pen and paper. Paper prototypes 

help designers to iterate fast and 

communicate ideas early in the process. 

During this phase many points were 

discussed internally that helped to 

establish a common terminology.

For example, it was important to agree 

on what to include in the navigation 

panel before going higher fidelity (figure 

41). Also, templates were still up for 

interpretation so different layouts were 

considered.

To design a template-based system, several approaches 

to the concept were considered. After the conversation 

is recorded and transcribed, we have the entire 

consultation text 

to work with. That 

means that we 

can organise the 

conversation text 

into templates 

(figure 43) 

however that 

means clinicians 

would start editing text and we do not win time with that. 

Also, for the software, it is hard to segment the transcript 

and know which part belongs to Anamnesis, Onderzoek, 

Aanvullend onderzoek etc sections since certain 

sentences in the conversation could belong to multiple 

sections due to the non-linearity of doctor-patient 

conversations (Kocaballi et al.,  2020). Next to that, the 

templates can be organised into a menu-like clickable 

format (figure 44) which also allows for structuring the 

data. Each approach has advantages and disadvantages 

which were discussed internally with the medical 

lead. Logically, it is also possible to combine the two 

approaches which could allow for both speed and adding 

detail (see Design 

goal in chapter 

5.1.1).

To conclude, a combined approach 

(figure 45) is preferred by surgeons 

that requires the least amount of 

clicks to go through the anamnesis. 

Next to clicking, they should have the 

option to type as well but should not 

start editing the transcript. For system 

transparency, the transcript can be 

provided on a subtab of the interface.

Figure 41: Early sketch for overview of templates

Figure 42: Comparing transcript, summary and template fields

Figure 43: Textual template approach

Figure 45: Combined approach

Figure 44: Menu-like template approach
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7.2 Anamnesis template
To structure the data, an anamnesis standard was 

provided by the company which was curated by 

collaborating orthopedic surgeons. In the anamnesis 

standard, questions relevant for hip arthrosis 

consultations are listed along with possible answer 

options (Appendix E). In the anamnesis standard, the 

questions follow the mentioned sections that clinicians 

use during their note-taking (Journey map in 31). Each 

section has a typical content that is summarised in 

figure 46.

To further design and also guide design discussions, 

some definitions had to be clarified. Simplified visuals  

(figure 48) were used to have these discussions and find 

a common terminology with the product manager.

The template fields are ordered by the 

questions from the anamnesis standard. 

From the transcribed transcript, words 

can be picked out and used as a data 

point (figure 49). The Assistant can provide 

automated suggestions to add value with 

NLP. To allow the clinician to have control 

over the automation, the non-suggested 

options are also clickable but not highlighted. Next to 

both, text input in each template field should be possible. 

To design for an anamnesis template, the questions 

in the anamnesis standard need to be looked at. Each 

question leads to a certain data input and also should 

have a consistent interaction type. There are 4 question 

types in the anamnesis standard: yes/no questions, 

multiple choice questions, checkboxes with multiple 

options and also open questions (figure 47).

7.2.1 Definitions

Figure 46: Identified notes sections from the shadowing activity

Figure 47: Question types from the anamnesis standard

Figure 48: Simplified visual to discuss definitions: elements

Figure 49: Simplified visual to discuss definitions: result
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7.3 User flows
Next, it was time to start mapping out user flows. A user 

flow is a series of steps a user takes to achieve a task on 

a digital interface (figure 50). In terms of structure, a user 

flow should have a purpose and go only in one direction. 

User flows help to communicate how the technology 

works and how it affects users while interacting with it. 

Since it is a flowchart, it is also helpful to communicate 

with non-designers. User flows also help to go higher in 

terms of prototype fidelity. 

After clarifying the software processes and what the 

user steps are, three user flows were extracted from the 

service blueprint: 

1) Record a consultation

2) Fill out the anamnesis template

3) Query specific patient file from the database.
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Figure 50: User flow in simple terms

Figure 51: Flowchart for user flow 1

Image source: Pexels
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Chapter 7 takeaways
• In many rounds, design decisions were made by reviewing ideas internally with the 

product manager.

• The most interesting discussions were around the summary. Clearly, getting a 

summary from the entire conversation with one click would be desired. However, 

from a technical perspective it had to be understood that it is not very feasible. 

As a designer, this was an important moment to balance between user wishes and 

technical considerations.

• It took time to clarify the definition of a template and its elements. Using visuals 

helped to manage these discussions.

• The design aim with the interface should be speed and the ability to add quality 

details as a clinician, therefore a combined approach was chosen for the template. 

On one hand, a menu-like clickable format and next to it providing the transcript 

for system transparency.

• Looking into the anamnesis template was a relevant step to understand the type of 

questions. Each question type should lead to a consistent interaction.

• From the blueprint, three user flows were extracted to aid the UX design process 

and develop the interface.

Figure 52: Flowchart for user flow 2

Figure 53: Storyboard - accept/reject/edit suggestions

Figure 54: Flowchart for user flow 3
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This chapter discusses the interface of the Assistant 
starting with the use case. The interface screens 
are explained which is illustrated by the storyboard 
from the service blueprint. The three user flows are 
realised: recording a consultation, completing the 
anamnesis template and looking up a patient file 
within the application.

Chapter 8
Meet the Assistant

The data in the demonstrator is fictional and 
does not claim any proved health outcomes. 
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The interface
8.1 The use case

8.2 Storyboard

Using the Assistant will be initiated from the EHR system 
that is in place in hospitals (Requirement #1). Upon 
opening the patient file, typically clinicians already have 
the ‘Notes’ panel open ready to type. In this panel, a button 
could be potentially integrated to initiate recording with 
the Assistant. The button opens the web-application in a 
new tab where the recording can be started.

During the consultation the Assistant is listening to the 
conversation between the clinician and the patient. In 
case it is necessary, the recording can be paused or 
restarted. From the shadowing activity it was witnessed 
that clinicians still need to have the EHR open to search 
for lab results for example, therefore a widget is proposed 
(figure 55) that could still keep the user informed about 
the state of the recording. In the Assistant web-app, the 
same listening screen is available.

Recording a consultation can also be started from the 
Assistant interface. Upon clicking the Start button (figure 
56), the automated speech recognition is in progress.

The user has three options during recording: to restart, 
to pause or stop it. Providing the option to pause is 
necessary in case of any ad hoc event, when for example 
a nurse enters the consultation room. In that case, the 
system should not pick up the third person’s voice and 
the clinician also wants to control that. The icons for the 
control actions are informed by common voice recording 
and music player interfaces.

1. Record a consultation

During the recording there is an indication that the 
system is listening with the concentric circles around 
the pause button. The circles dynamically change as 
the voice changes to give visual feedback (figure 57) to 
the user. Own testing with several laypeople confirmed 
that visual indication is straightforward.

Once the consultation is over, the recording should 
be stopped by the clinician. Stopping the recording 
immediately initiates processing the conversation.

Figure 55: Widget

Figure 56: Start of the recording

Figure 57: Recording in progress: pause or stop
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When processing the conversation is done, the most relevant template option is suggested 
based on the transcript. In this case, a template for hip arthrosis is suggested. By confirming the 
template, the software knows which algorithms to use for the template type.

Here the hip arthrosis template is presented to the clinician, and partially filled in with data. 
To mimic real-world medical notes, the template is placed on a piece of ‘smart paper’ inspired 
by skeuomorphism. Skeuomorphism is a design concept in interaction design of making 
interface items mimic real-world objects. For each anamnesis question, a suggested option is 
automated using NLP from the conversation. Many recorded consultations allow the system 
to come up with accurate suggestions compared with the transcript of the consultation. All 
the answer options are clickable, but the automated suggestion is highlighted. Also, in each 
line it is possible to add own text as a clinician. By this 
way the clinicians are able to accept, reject and edit the 
suggestions (Requirements 16-18). For each user action, 
it requires one click from the clinician and they can also 
navigate with the keyboard.

To be transparent of where the suggestions come 
from, upon clicking on the anamnesis question, the 
transcript is displayed with a highlight of the relevant 
part of the text. While filling out the template, at any 
time the user also has the option to check the transcript 
for transparency (figure 58) where it is also possible to 
search for keywords. While typing in the search field, 
NLP can enable auto-complete to help the user.

After the several template fields are completed, upon 
hovering on 
the text it is 
possible to 
copy the text 
and place it 
in the EHR 
system. 

2. Fill out anamnesis template

accept by 
clicking on it

reject by clicking on 
any other option

edit by clicking on 
the + button and 
type in own text

Figure 58: Switch to transcript

Image: Interface for anamnesis template
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3. Query specific patient file

In the Assistant, an overview of the recorded 
consultations are provided per patient. For each patient 
file, the audio recording, the conversation transcript and 
the anamnesis template is provided. Since it is possible 
to save unfinished templates, the files can be filtered 
as per drafts and finished notes as well. If needed the 
files can be exported from the system or sent as a letter 
(figure 59).

Figure 59: Interface for recorded consultations Image: Transcripts from many recorded consultations
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Chapter 8 takeaways
• Designing the interface was an iterative process and a result of multiple discussions, 

internal reviews and testing.

• A widget is proposed to be overlaid on the EHR during the recording. It makes sense 

for the use case as the Assistant needs no interaction during the consultation, however 

implementing it technically will require an EHR integration.

• Processing the speech is an important step of the journey, but without real data it is 

hard to claim its duration and impact on the user experience.

• The list of questions are informed by the anamnesis standard to integrate the medical 

expertise in the project.

• Use of icons are informed by existing interfaces that the users are already familiar with 

so they don’t have to learn their meanings.

• During template completion the buttons indicate that they are clickable, but it is not 

clear that you can also navigate through with the keyboard.

• Transcript is provided in case the clinician wants to check it but they don’t have time 

to do that during documentation.

• Providing an overview of the recorded consultations is in line with the roadmap (Step 

1), but organising safely storing the data is not considered in the scope of this thesis.

RQ2. How can we design a clinically valuable, trusted and ethical digital scribe interface to aid computer-

led documentation from a clinician’s perspective?  

 Value - The value lies in speeding up note taking with NLP along with providing the option to add 

nuanced details. This way partial automation and human control is combined in a hybrid documentation 

scenario.

 Trust - To improve trust towards the system, increasing transparency is implemented. In the 

transcript, it is highlighted from where the automated suggestions come from. Trust will build up over time 

when using the product.

 Ethics - For maximum human control, the clinician can accept, reject, and edit the suggestions for 

each question. Ultimately it is the clinician’s decision to sign off the final text and place it in the EHR. Further 

ethical implications are suggested to consider.

Image: Context
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In this chapter inputs from end users are discussed. 
Throughout the project a surgeon gave weekly inputs, a 
focus group session was held and a final user testing round 
was organised with orthopedic surgeons. The qualitative 
results are discussed in order to understand the potential 
value that the Assistant can provide. The project is evaluated 
from a desirability, feasibility and viability aspects.

Chapter 9
Validation
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Validating the design
9.1 Involving users
9.1.1 Weekly input

9.1.2 Focus group session

Throughout the project, it was extremely useful to 
have direct contact with a surgeon. With his expertise 
the anamnesis standard could be translated into the 
interface. The weekly medical input helped to make 
smaller decisions and faster until showing the work to 
more orthopedic surgeons. The main learnings from this 
collaboration was to implement interaction types that 
surgeons already use for i.e. clicking through buttons 
(figure 60) or formatting text. Also it was very important 
to design the template completion with the goal to finish 
it with the least amount of clicks possible.

Furthermore, an inspiration session was organised at 
the ETZ hospital where the shadowing was performed. 
In a presentation, the findings from research were 
presented (figure 61) to an audience of about 10 
orthopedic surgeons. The members were very diverse, 
from young to older surgeons. As mentioned before, age 
and experience is relevant towards the attitude of the 
solution. Each surgeon was specialised in an area, not 
only hip arthrosis consultations.

The presentation was used to facilitate a table discussion 
around the topic. The audience was triggered by seeing 
the activities visualised and raised many questions 
for example if using the Assistant requires to follow a 
specific list of questions in order to get it working. Also, 
the learning curve is important for clinicians in order to 
adapt to the new way of working. 

Also, concerns were raised that they will be busy editing 
and lose time. This aspect had to be clarified explaining 
the utility of the template over transcript concept. 
Clinicians care about time and speed, less about data 
structure.

“Do you have to follow a specific list of questions in 
order to use the Assistant?” 

“My hunch is that it might be very 
useful when doing history taking only 
[Anamnesis]… because my history taking 
is always different, my physical exam is 
sort of smart text, and my conclusion 
and way of treatment [policy / beleid] is 
always the same.”

“I don’t use smart phrases at all.”

“I am very fond of smart phrases, but the thing is, if we use them 
a lot we do not recognize our patients [in the notes] anymore. 
That’s why I want some flexibility in my history taking, but my 
decision taking for treatment is always the same.”

“You want to be really complete, so you write 
down everything and the risk is that you are 
busy editing. But I think this is a system that can 
evolve and solve that.”

“Did you do any investigation into the learning curve 
of using this stuff? Because we as doctors are very 
conservative, so if we adapt a way of working we 
stick to it. So your line of emotions would go down 
very much, I think you have a challenge there.”

Figure 60: Clickable buttons

Figure 61: Presentation at ETZ, February 11 Figure 62 Physical examination bed

Furthermore, they were asking if it is possible to couple 
the Assistant to features in the EHR to allow them 
to decide which one to use for each section of the 
consultation. During physical examination (figure 62) 
smart text is favoured.
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9.1.3 Final user testing

Lastly, a final user testing was organised. The prototype 
was tested with 4 orthopedic surgeons who were also 
interviewed earlier in the project. The goal of the testing 
was: Evaluating the flexible ease of use of anamnesis 
template completion

As preparation, the users were informed about their 
voluntary participation. The testing was organised 
either remotely or in person based on the participant’s 
preference and availability. Upon consent, the prototype 
was presented. In the prototype, no data input is logged 
and was told to the participants. 
In the test the participants were asked to interact with 
the prototype (figure 63) and fill out the presented 

template. They were asked to talk out loud during 
testing to understand their perceived experience better.
Regarding qualitative insights, the expectations of 
getting a summary of the conversation in one click were 
high. It implies that explaining the technology to end 
users is advised.

Surgeon 1 is from a hospital, where recently auto-
anamnesis was introduced in which patients fill out 
PREMs before the consultation. Depending on the 
hospital, this aspect also influences the value. What is 
general, that during physical examination logically it is 
impossible to type notes and there are many details to 
remember.

Regarding flexibility, the buttons are easy to click. 
Throughout completing the template, questions should 
be possible to skip. When clicking on a suggestion, a 
commonly used phrase is displayed. According to even 
this small sample size, the preferences are different.

Furthermore the user test was combined with 
a questionnaire informed by the Technology 
Acceptance Model (TAM). TAM scale is a validated 
questionnaire from the healthcare domain that 
focuses on measuring the perceived Usefulness 
and Ease of Use. To determine the perceived 
usefulness of a product, users are asked to rate 
the product on six points using a Likert scale. The 
averaged results are as follows:

1. Using this product at work would help me 
complete tasks faster.

2. Using this product would improve my job 
performance.

3. Using this product would increase my 
productivity.

4. Using it would increase my effectiveness at 
work. 

5. Using this product would make it easier to do 
my job.

6. I would find this product useful at work.

“Can we skip the template completion step 
and get a summary?” - Surgeon 1

“I would expect the system to create a nice 
note with one click” - Surgeon 3

“To be honest, I don’t see much value in filling out this template 
than the patient. But during physical examination, it would be 
very useful because my hands are occupied” - Surgeon 1

“What if I want to skip this question?” 
- Surgeon 3

“For me a list is fine, I don’t care if it is a sentence 
or a list. But maybe my colleagues will not agree” 
- Surgeon 4

“It is very important to be able to click 
on the other options as well. Oh, these 
are clickable.” - Surgeon 2

5.75

5.75

5.75

5.75

6.0

5.75

Perceived Usefulness

Figure 63: User test
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9.2 Evaluation

7. Learning how to handle the product would be easy for me.

8. I would find it easy to let the product do what I want it to. 

9. My interaction with this product would be clear and smooth.

10. I would find this product flexible to work with.

11. It would be easy for me to become faster at my work with the product.

12. I would find it easy to use. 

5.0

4.25

4.25

5.75

5.0

Perceived Use of use

5.25

9.2.1 Desirability

9.2.2 Feasibility

9.2.3 Viability

From a human-centred design perspective, desirability 
translates into user value. The desirability aspect of the 
product was in the core of the project throughout the 
entire graduation project. User research was carried 
out to understand the current workflow of orthopedic 
surgeons as well as their attitude and wishes towards 
the system. Findings were translated into requirements 
that informed features in the prototype. The value 
that the Assistant provides is speeding up the clinical 
documentation with automated suggestions through 
NLP. Also, the option to add nuanced details in an easy way 
is valuable for the clinician. Ultimately, partial automation 
and human control is combined. Apart from testing with 
end users, an expert in Human-AI collaboration was also 
consulted for feedback.

In terms of technology, internal collaboration was carried 
out with the CTO of the company. With his inputs, the 
service blueprint could be finalised. An internal validation 
was organised with all the developers in the company 
to discuss the technology aspect. The integrated 
features for recording the consultation (ASR) is already 
feasible. The designed features for the Assistant will 
only be feasible after many consultations are recorded. 
Organising the recordings on an institution level takes 
time, therefore can not be concluded yet. 

The service blueprint was praised by the tech team to 
combine the user steps and the technology. From the 
service blueprint, the extracted user flows are also input 
for feasibility to show which wireframe leads to another 
aiding developers to build the product. Usually user 
flows are handed over for developers in order to make 
sense of connections between wireframes as well as 
interactions.

For viability, the financial aspect was not relevant from the perspective of this thesis. 
To aid the company, the design phase was scoped with the first implementation 
steps. The initial plan was to implement a design system (component library) to 
design for scale. In the end it was more realistic to learn from existing design 
systems and start building up the company’s own. A design system is a set of 
components and guidelines that aid digital product design and coordinating 
development. For the template completion interface, a set of components are 
designed with each interaction state so that buttons only need to be coded once 
and can be replicated throughout development time. To implement the Assistant, 
first awareness should be raised about its value in order to start setting up 
collaboration agreements with hospitals. To contribute, a whitepaper was written 
to support company communications. 

“This is a very practical example of human control.” 
- PhD Candidate in Human-AI collaboration, Philips Design

“It is really interesting to see how the software 
processes influence the user” - CTO

“The storyboard is such a great fit with the healthcare industry. It is 
immediately clear how the solution works” - Product manager

Image: Internal presentation to the company
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Chapter 9 takeaways
• User inputs gathered throughout the project influenced many design decisions.

• Presenting to multiple surgeons was an interesting experience to get immediate 

reactions, hear diverse opinions and facilitate the discussion. Opposing views from 

users are always hard to deal with as a designer.

• Final user testing was performed with the surgeons I interviewed. Since it is a small 

sample size, it is advised to take the results as qualitative insights and not draw 

plain conclusions from the averages.

• For evaluation, all three aspects were considered. Desirability was in the core 

throughout the project therefore is integrated. The feasibility aspect was validated 

through an internal presentation and discussions with the technical team. The 

viability aspect was not central in this project. 

• Wrapping up, all the takeaways lead to the final chapter.
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The final chapter discusses the project and the presented 
results. Furthermore limitations are addressed for the 
interpretation of the project results. Based on the results, 
recommendations are provided to the company from a UX 
perspective. Directions for future work are given to build upon 
the findings. Lastly, the thesis ends with personal reflections.

Chapter 10
Discussion & the future
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10.1 Discussion

10.2 Recommendations
10.2.1 Future features

10.2.2 Future research

The digital scribe has great potential in order to shift 
from human-led documentation towards computer-led 
documentation. The administrative burden is indeed 
high according to both literature as well as carried out 
user research. There is a lot of interest in academia 
about bringing in the technologies into the context, but 
little exploration on developing the interface of digital 
scribes. The answeres for the research questions can be 
found at the end of the relevant chapters.

This Master thesis concludes that combining partial 
automation with human control is a promising step 
towards digital scribes. The interface is a proposed 
way for anamnesis template completion that aids ease 
of use as well as usefulness. However, fitting individual 
documentation styles and convincing hospitals for 

implementation will be a very challenging process. Part 
of the value proposition is establishing a recording 
infrastructure which indeed results in many benefits for 
hospitals, clinicians and patients. Following a step-by-
step implementation, through recording consultations 
value can already be provided as well as it serves as data 
gathering purposes to further develop the software. The 
designed interface can already support this step. 

For the Assistant, the most value could lie in scoping the 
digital scribe capabilities into the physical examination 
part of a consultation. If it is technically feasible, 
integrating with the EHR is favoured. Providing a portal 
to the patient to complement the data collection could 
be valuable to save more time in the consultation, and 
allow clinicians to spend less time on documentation.

The concept of the digital scribe has great potential 
but still very futuristic for the healthcare industry. Also, 
dealing with sensitive data in healthcare always leads to 
challenges. Organising that aspect and arranging safety 
aspects of the solution was outside of this thesis scope.
It was not anticipated that shadowing in an academic and 
non-academic hospital will lead to different results. From 
many discussions, I learnt that the medical community 
is interested in seeing the differences. The qualitative 
insights of the consultations could also serve as input 
for future collaborations.

Throughout the project, a small number of users 
were involved during user research as well as user 
testing. Increasing the sample size with a diverse 
group of surgeons could lead to different results. 
From many impressions it was understood that age 
and experience level also influences the attitude 
towards the solution. Furthermore, most of the 
involved surgeons were familiar with the anamnesis 
standard. If a surgeon is not familiar, he or she might 
be more reluctant towards the template completion 
in general. For this reason, consider the presented 
averages from the measured ease of use and 
usefulness with caution.

From literature it was clear that part of the problem is 
that clinical notes today are unstructured. In the product 
vision, the Assistant also aims to structure the notes in 
order to enable partial automation. However, clinicians 
are more concerned about speed and less about data 
structure. They are also a bit stubborn to adjust their 
way of working, even if it is “claimed” to be fitting into 
their workflow. Fitting individual documentation styles 
with standardised templates is a difficult aspect of the 
solution. This leads to a tension to expect during future 
implementation.

The digital scribe is a futuristic concept for end users. 
Through many discussions I got the impression that part 
of the implementation will be to communicate the value 
of the solution, translating it into clear benefits for both 
the clinician and the patient. Also, since it is a complex 
technology, it needs careful explanations of what the 
technology is capable of doing and how it could help 
during consultations.

As the Assistant evolves, personalising suggestions 
as well as adding adaptive features are advised. By 
making it personalised, ideally it could fit individual 
documentation styles. Once real-time speech 
processing is possible, the picked up conversations 
can enable voice commands or voice interactions. 
During physical examination (figure 64) that could 
be especially valuable. In the future, keywords should 
be gathered to aid the development.

With an EHR integration, follow-up documentation 
tasks could also be addressed. This thesis also 
presents inputs into what those tasks are. The 
recorded conversation could serve as a data source 

to design for an improved workflow and improve the 
repetitive follow-up tasks (figure 65).

These features are not yet realistic to map out on a 
roadmap, since it is challenging to estimate how long it 
will take to get there both from an organisational as well 
as a technical perspective.

This thesis focused on the clinician perspective of the 
digital scribe. From a design research perspective, it 
could be interesting to investigate and understand the 
patient’s perspectives. By providing the transcript and 
audio, the data is already of value to the patient. Possible 
more values could be researched to complement this 
work.

More research is advised to dive deeper into the trust 
and ethical aspects of the digital scribe. Trust will be 
built over time, therefore should be carried out in a 
longer study. The ethical aspect has a vast theoretical 
foundation in literature to build upon, but little applied 
research on the topic.

Above a certain confidence score (figure 66), the 
Assistant can produce automated suggestions. Future 
research is necessary to set the threshold for the 
confidence score. It is also advised to research how the 
technology influences the user experience with high-
fidelity prototypes.Figure 64: Physical examination Figure 66: Confidence score from service blueprint

Figure 65: Follow-up documentation tasks
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10.3 Reflections

Growth

Process

I entered the Masters with a vision to combine user-
centred design and data science with a focus on medical 
design. I truly think this project is a manifestation of my 
design studies and old and new learnings. Therefore, 
I am grateful for all the coaches who shaped my path 
during the past 5 years.

 

During this project I wanted to grow skills in service 
design. Job shadowing was a chosen method I wanted 
to experiment with. It was quite a challenge to figure out 
what to look for in order to visualise “useful ”observed 
behaviours. Second time I did it, I could be more strategic 
with note taking and what to pay attention to.

I am proud of the service blueprint and the fact that it is 
complex. In the beginning I thought it would just become 
a flowchart. The tip to combine it with a storyboard 
made a big difference in the work I delivered and final 
feedback I got. It is a good lesson to be creative with 
design methods as well and make it fit with any project I 
might work in in the future.

This project intensively combined both service design 
as well as UX design. While both are useful to be skilled 
at, I feel like my heart is closer to hands-on interface 
development than journey mapping which clarified 
throguhout the process.

I wanted to combine UX with AI, and I had to make sense 
of the complexity. AI is such a dynamic technology to 
design with and for that excites me. However, innovating 
in the healthcare context is incredibly hard.

When I started my design studies, one of my goals 
was to become a designer who is confident in juggling 
between various design tools. This project required that 
intensively.

This was the first ever project where I could get medical 
input every single week, which was a huge help. Initially 
I planned two rounds of user testing, but I had to be 
realistic.  Clinicians are super busy people so whenever 
I got the opportunity to meet any, I had to be very 
straightforward. 

During the process sometimes I made decisions without 
documenting them. I could have saved time at the end if 
I pay attention to it throughout the process.

I had to give many presentations to different audiences. 
I was not happy with how my midterm presentation went. 
It was a good lesson to learn how to filter per audience 
and tailor the message accordingly. 

The role of design in this product is crucial and I think 

there was a lot of responsibility on me. People thought 
I will jump into designing the interface right away which 
was not the case. The challenging aspect is that people 
want to see things but the biggest part of the job is 
synthesis.

I truly think good design lies in the details. However, as 
a designer it is really challenging to know when to stop 
diving deeper in an activity and switch to another. To 
be specific, I really wanted to do the service blueprint 
‘correctly’ which got me lost in details. Some feedback 
and reactions made me realise it probably was not 
necessary and I lost time with it.

I could have gone deeper into the ethical aspect of the 
project. I find the angle very interesting and crucial for 
the topic. However I had to prioritise my to-do list.

There was no other designer in the company which 
challenged me on a new level and my role in many 
aspects. I actually enjoy interdisciplinary settings where I 
learnt that terminology is key to collaboration.

I learnt a lot from working with technical people. It is both 
super challenging and rewarding to show the value of 
design (researc). I often realised that I was explaining 
design methods while other times I was using a lot of  
design jargons without even noticing.

In my opinion a good UX designer does more than 
making products look pretty. Yes, it has to look pretty. 
Personally, I want to produce work where reactions go 
beyond “It looks good”, to a point where clients admit “...
and it actually makes sense.”

Talking about design is hard. Talking about design with 
non-designers is even harder. At some point I decided 
to read the book “Articulating design decisions” which 
was a game changer during the process. By showing 
my thinking process and coming up with supporting 
examples for design decisions, meetings became much 

smoother. I learnt how to steer conversations from 
subjective aesthetics to objective functionality.

Over time I built resistance to not get attached to 
anything I design because design is so subjective. It 
can always be better and is never really done. You have 
to embrace that people will critique your work and 
somehow learn how to enjoy it. I think it is a core skill to 
develop, to be able to objectively judge your own design 
and decide on improvement points.

Looking back it gave me a lot of energy to work in a 
small company and see the immediate client reactions 
to my work. During this thesis two things motivated me: 
to provide value to the company and be proud of what I 
did at the very end. 

Collaboration
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Personal
To me design means translating: between user, technology, and 
business - and that is what I did here and aim to keep doing.

I sincerely hope that this work will inspire both the design and the 
medical community, lead further development of digital scribes and 
spark discussions around the topic. There is soo much potential, yet 
still so much to do! Anyway, I am curious to hear any opinions on this 
project once it is not only me reading these words.
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