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Today, clinical documentation is completely human-
led which led to a rising number in clinician burnout 
in recent years. 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.

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). However, medical scribes 
require extensive training before reaching their full 
potential, which is estimated to cost $6,317 (Walker 
et al., 2016) on average and require time-consuming 
training. Overall, employing medical scribes does not 
reduce the clinical documentation burden, but simply 
shifts it from clinicians to others (Dusek et al., 2021).

Digital scribes offer the potential to reduce the clinical 
documentation burden conducted by humans, by 
using Automatic Speech Recognition (ASR) and 
Natural Language Processing (NLP) technologies to 
automate the clinical documentation tasks (Coiera et 

al., 2018). Digital scribes are intelligent documentation 
systems that transform the audio recording of a clinical 
conversation into documentation, by generating 
transcripts for documenting the consultation (Chiu et 
al., 2018). 

In order to process the conversation, the consultation 
needs to be highly structured, predictable and short. 
It is also important to have a well-defined relatively 
structured desired output. Therefore orthopedic 
consultations offer a promising use case to start with 
and develop the digital scribe. Within orthopedics, hip 
arthrosis consults are homogeneous and occur in high 
volumes with a well-structured anamnesis. In medicine, 
anamnesis refers to the medical history of the patient 
by asking specific questions relevant to the specialty. 
For the hip arthrosis use case, Attendi has curated an 
anamnesis standard jointly with orthopedic surgeons.

To bring the Assistant into a clinical context, we need 
to understand the clinician perspective and examine 
the current workflow of documentation processes. This 
whitepaper outlines the findings from conducted user 
research in context.

Potential of digital scribes

Introduction
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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. In a clinical consultation, typically a 
patient explains the issue and the current state and 
the clinician asks focused questions to formulate a 
diagnosis. To process the conversation, we need to 
understand what was said during a clinician-patient 
consultation and also need to know ‘who spoke when’. 

The ASR technology can detect speakers and 
assign speaker labels to dialogue segments of the 
conversation (Kanda et al., 2019). The success of the 
technology can be calculated by the software and used 
to inform the accuracy of the transcript. Therefore, 
especially when it comes to medical conversations 
where every word counts, a well-performing speech 
processing software is crucial in healthcare.

Automated Speech Recognition (ASR)

NLP is a subfield of linguistics and artificial intelligence. 
After the ASR system transcribes the conversation, 
NLP can be used to extract and summarise relevant 
information that is to be presented to the physician 
(van Buchem et al., 2021). In order to train NLP 
algorithms, spoken language data should be gathered 
to guarantee accuracy with the software. If many 
consultations are recorded, patterns can be identified 
that enable partial automation. From the transcript, 
words can be picked out and mapped to the anamnesis 
to aid the clinician with automated suggestions.

These automated suggestions can potentially speed up 
clinical documentation. The clinician always remains the 
main decision maker of what is saved in the final notes. 
Developing NLP algorithms for healthcare comes with 
numerous technical challenges such as structuring and 
summarising clinician-patient conversations (Quiroz et 
al., 2019), literature suggests that usability problems can 
be solved by meaningful human–computer interaction 
between clinician, computer and patient (Coiera et al., 
2018).

Natural Language Processing (NLP)

Towards computer-led documentation
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If consultations are recorded, the data offers numerous 
benefits 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, 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. 

Value for hospitals

The technical aspects of handling the recorded 
consultation data raise both privacy and legal concerns 
that should be managed on an institution level. The 
recording has implications for the confidentiality 
of the conversation, therefore safely storing the 
data is paramount 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 
introducing it in clinical use. In the future, integration 
with EHR systems will be essential and require further 
technical considerations.

Obstacles for implementation

Opportunities and obstacles
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There are clear patient benefits of bringing in digital 
scribes, such as allowing the clinician to focus his or her 
attention on the patient. Undivided attention could lead 
to more time to deliver care during the consultation. 
Using non-verbal communication, providing personal 
attention and empathy makes a consultation successful 
and more valuable from a patient perspective (Bensing 
et al., 2011). In a study among patients aged 50 years or 
older (Dommershuijsen et al., 2021), more attention leads 
to improved confidence in the relationship from both 
perspectives and higher satisfaction with the treatment. 

Several studies report patients’ desire to record 
consultations either in secret or upon asking for 
permission. Interviewed patients advocated for asking 
for permission (Elwyn et al., 2015) mainly to prioritise the 
relationship with the clinician and protect trust, make 
accountability public and have an improved quality 
of recording. Having the recording is also claimed to 
empower patients and reduce power imbalance in 
terms of dynamics of the consultation (Elwyn et al., 
2015). Patients suggest to normalise the act of recording 
and make it part of usual practice (Elwyn et al., 2015). 
However, recording the consultation will lead to a new 
etiquette of clinician-patient interactions. 

The main motivations behind recording a consultation 
was found to be the ability to re-listen to information 
exchanged for better understanding since there is 
evidence that 60% is forgotten as patients tend to 
block and have difficulty storing information during 
consults (Joshi et al., 2020). Second, the option to share 
the recording with family and friends is reassuring 
to patients to make sense of the expert advice. 
Interestingly, the recording could also have therapeutic 
purposes as well such that it can enable the patient to 
feel supported by listening to the ‘tone of voice’ of the 
clinician (Elwyn et al., 2015). Also, being able to re-listen 
the conversation allows the patient to better prepare 
for the next consultation which leads to more informed 
decision-making.

Patient perspective

“So my real motivation for doing the recordings 
was so that I had a record of what was said and 
done, like a back up of my brain" 

- Interviewed patient (Elwyn et al., 2015)
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Digital scribes could enable clinicians to spend less 
time on documentation and devote that time to the 
patient (Dommershuijsen et al., 2021). Clinicians are 
open to allow recording if writing in EHR is replaced 
(Barr et al., 2018). Decreased documentation time 
could increase physician satisfaction as well as reduce 
burnout rates in healthcare. Furthermore, recording 
the consultation could serve as an incentive to 
perform better when delivering care (Tsulukidze et 
al., 2015). Motivating performance potentially leads 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). 

The primary user of the Assistant will be the 
clinician therefore semi-structured interviews with 
orthopedic surgeons were conducted to gather 
first-hand perspectives. Several Dutch surgeons 
from both academic and non-academic hospitals 
were interviewed to gain insights. It is clear that 
they value interacting carefully with the patient, but 
the computer stands between the clinician and the 
patient. Clinicians are motivated to deliver the best 
care, and always focused on their work. They are 

confident that the recorded data will also reflect the 
quality of care they deliver. 

When we start to record and transcribe clinical 
conversations, there will be both an audio recording 
and a transcription of the conversation. The interviews 
revealed 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 
transcript nor to listen back to the entire audio file.

Naturally there are also concerns towards the digital 
scribe. Clinicians fear that the system will not perform 
well if they use slightly different words for the same 
topic, that not all scenarios are pre-programmed in 
the system. Every clinician prefers their own style of 
documentation and writing up their notes. Therefore 
the Assistant should partially automate what is 
possible but always allow the option to manually edit 
the notes.

Clinician perspective

“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.” 

- Interviewed orthopedic surgeon

11
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To understand the context, job shadowing was 
performed both in an academic and a non-academic 
hospital in the Netherlands. Shadowing is a method 
where the researcher follows the end user throughout 
a day to learn from their day-to-day operations.

In an academic hospital, there are about 10-15 
consultations scheduled during a half day shift. 
Typically more complex patient cases are presented 
here therefore the consultations can take up to 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 the orthopedic 
surgeon might mostly do documentation tasks after the 
consultation which could take almost the same time as 
the consultation itself. 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 difficult for clinicians. 

Academic hospital

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 impossible to only start on 
documentation tasks after 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. 

In both contexts, the documentation tasks are the same 
for orthopedic surgeons. Since the conversations are 
more structured in an academic hospital, it is a more 
relevant use case for the Assistant. To understand the 
workflow of an orthopedic surgeon in a non-academic 
hospital, their workflow was analysed.

Non-academic hospital

Understanding the context

14
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In a non-academic hospital, there is very high pressure 
on time. Every consultation is scheduled for 10 minutes 
that must include time for documentation. This means 
that the orthopedic surgeon is required to constantly 
multitask, and switch between having conversations 
and doing documentation. There are frequent 
transitions from one activity to another. The transitions 
and constant switching lead to divided attention 
that could also result in error-prone note typing. The 
multitasking both pressures and tires the clinician.

Due to the time pressure, clinicians have to start 
writing up notes 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, and also 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 documentation tasks in the evening, 
which probably adds to burnout rates and reduces 
physician satisfaction.

If the conversations are recorded and transcribed, 
certain words can be picked out and coupled to 
features in the Assistant. During the consultation the 
surgeon informs the patient about the diagnosis and 
his or her expert advice. For example, if the outcome 
of the diagnosis is an additional lab order, the words 
‘order an MRI’ can be coupled to a software feature in 
the Assistant to speed up the follow up documentation 
tasks.

Workflow of a typical day

“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...”

16
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After analysing the workflow of an orthopedic surgeon, 
it is time to zoom into the consultation room. 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 moves 
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.

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.

The consultation

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

“The last time I ordered an MRI scan, why didn’t the 
system know that?”

18
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Next

The potential of digital scribes is articulated and the 
use case of hip arthrosis consultations is promising. 
Digital scribes combine both Automated Speech 
Recognition and Natural Language Processing 
techniques that are being developed by Attendi. Both 
technologies have design implications to translate into 
the product.

To design and build the Assistant, conducting research 
is necessary. The technologies, the user perspectives 
and the interaction in-between need to be understood 
and taken into account. To provide value for hospitals, 
recording consultations need to be organised in a safe 
way on an institution level. 

The clinician perspective was researched by reviewing 
relevant studies as well as conducting user interviews 
with orthopedic surgeons. The main conclusion is that 
if the Assistant has clear benefits for both the patient 
and the clinician, clinicians are open to allow recording 
the consultations and interested in the digital scribe. To 
win time with the Assistant, we should try to automate 
what is possible but always provide the option on the 
interface to be able to edit the notes. This way we can 

design for a collaboration between the user and the AI 
algorithms.

By performing shadowing, the existing behaviours 
were understood and analysed on a workflow 
level. The repetitive and multitasking nature of the 
documentation cycles adds to the value of bringing 
in digital scribes. Observing reality leads to a better 
understanding of what makes a good product and 
service experience. These findings were translated 
into requirements to guide the design and further 
development of the Assistant. The goal is to provide 
a better user experience than how typing is currently 
done in the EHR.

To train the algorithms, first many consultations need 
to be recorded. The more data we can gather, the 
higher accuracy we can promise. The digital scribe has 
much potential combining accurate technology with 
great user experience. Ultimately, the Assistant will 
provide a step closer towards computer-led clinical 
documentation and allow clinicians to devote more 
attention to the patients.

From research to design
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At Attendi, we believe that artificial intelligence has the 
potential to ease the administrative burden in healthcare. 
By automating administrative tasks, healthcare professionals 
regain valuable time that is essential for delivering 
personalized patient care. 

The whitepaper presents work from the Master thesis of 
Reka Magyari in collaboration with TU Delft.

Contact: info@attendi.nl
Website: www.attendi.nl
Tel: +31 (0)20 2101928
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