
386  |     Clin Teach. 2021;18:386–390.wileyonlinelibrary.com/journal/tct

1  |  INTRODUC TION

Centralisation of health care has resulted in many hospitals offering 
access to only certain clinical specialties. Since it is not feasible to 
rotate all medical students through each hospital, this can lead to 
inconsistency in clinical exposure. This was exacerbated during the 
COVID- 19 pandemic with most institutions using online platforms to 
deliver education, often without exposure to real patients.1
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Abstract
Background: Heterogeneous access to clinical learning opportunities and inconsist-
ency in teaching is a common source of dissatisfaction among medical students. This 
was exacerbated during the COVID- 19 pandemic, with limited exposure to patients 
for clinical teaching.
Methods: We conducted a proof- of- concept study at a London teaching hospital 
using mixed reality (MR) technology (HoloLens2™) to deliver a remote access teach-
ing ward round.
Results: Students unanimously agreed that use of this technology was enjoyable and 
provided teaching that was otherwise inaccessible. The majority of participants gave 
positive feedback on the MR (holographic) content used (n = 8 out of 11) and agreed 
they could interact with and have their questions answered by the clinician leading 
the ward round (n = 9). Quantitative and free text feedback from students, patients 
and faculty members demonstrated that this is a feasible, acceptable and effective 
method for delivery of clinical education.
Discussion: We have used this technology in a novel way to transform the delivery 
of medical education and enable consistent access to high- quality teaching. This can 
now be integrated across the curriculum and will include remote access to specialist 
clinics and surgery. A library of bespoke MR educational resources will be created for 
future generations of medical students and doctors to use on an international scale.
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There is a broad evidence base for the application of extended 
reality (XR) technology in medical education including simulation- 
based surgical training,2 teaching anatomy3 and telementoring.4
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XR technology includes virtual reality (VR), augmented real-

ity (AR) and mixed reality (MR). VR involves a completely digital 
environment. AR is a real- world environment enhanced by digital 
information (e.g. holograms). MR enables users to interact with spa-
tially registered virtual holograms placed in the real environment. 
Multiple devices can be digitally linked allowing individuals to inter-
act with the visualised environment simultaneously through remote 
telepresence.5

A literature review of AR and MR in health care education found 
that beyond live- streaming surgical operations, studies did not in-
volve real patients in an authentic context, with only two including 
patient data.6

We believe we are the first to describe the use of MR technology 
(HoloLens2™) to deliver a live- streamed, remote access, interactive 
teaching ward round for medical students. We have evaluated the 
feasibility, acceptability and effectiveness of this technology for ed-
ucational purposes from the perspectives of students, faculty mem-
bers and patients.

2  |  METHODS

In June 2020, fourth- year students at Imperial College School 
of Medicine participated in a teaching ward round involving 
HoloLens2 TM technology. We recruited patients from a teaching 
hospital in London. We based the teaching on learning outcomes 
from the undergraduate curriculum. Participation was voluntary 
and we obtained consent from all participants. Ethical approval was 
granted by Imperial College London.

Our objectives for this study were to explore whether MR tech-
nology is:

• feasible for the delivery of an interactive teaching ward round re-
motely accessed by medical students

• acceptable to patients, students and faculty members
• effective for interaction between students, patients and clinicians

The HoloLens2™ is a commercially available head- mounted MR 
device developed by Microsoft Corporation (Redmond, WA, USA), 
currently costing $3500.00 (US Dollars) per headset. The headset 

provides true heads- up display functionality with the ability to place 
interactive objects within the user's field of vision, while delivering 
live bidirectional audiovisual communication. Multiple users are 
able to interact via the Microsoft Dynamic 365 Remote Assist ap-
plication, which uses Microsoft Teams, a communication platform 
combining chat, video, file storage and application integration. The 
HoloLens2™ has been used for the delivery of clinical care,7 but thus 
far not for the delivery of live bedside teaching.

The ward round commenced with an introduction to 
HoloLens2 TM technology, rules of engagement and learning ob-
jectives. During the ward round, the clinician wore a HoloLens2™ 
device (Figure 1) to live stream the clinical environment. Students 
were able to see and hear the patient, and interact with the clinician 
via voice and instant messaging. Students could ask questions, elicit 
clinical signs and discuss learning points. Patient- specific MR con-
tent such as radiographic images, laboratory results and medication 
charts placed in the user's field of view provided a multifaceted ed-
ucational experience. We met information security and governance 
requirements for handling patient data by using an institutional Wi- 
Fi network and restricted user accounts protected with multifactor 
authentication.

The ward round lasted 1 hour, was led by a physician trained in 
using HoloLens2 TM technology and involved the clinical review of 
two patients. The first patient consultation allowed students to take 
a medical history and formulate a differential diagnosis. The second 
patient consultation involved the interpretation of investigations (ra-
diographic images superimposed on the students’ field of vision as 
holograms, which they could annotate) and develop a management 
plan. The ward round concluded with key learning points and an op-
portunity for students to ask further questions.

We then asked students to provide feedback using an anonymous 
questionnaire consisting of Likert- type scale responses evaluating 
the feasibility, acceptability and effectiveness of MR technology for 
teaching ward rounds (Figure 2). Free text responses were included 
for further feedback and suggestions for improvements. Patients 

F I G U R E  1  Clinician wearing the HoloLens2 TM device to live 
stream the teaching ward round.
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and faculty members involved also provided free text feedback re-
garding their experience.

3  |  RESULTS

Eleven medical students (nine females and two males) and two pa-
tients (one male and one female) participated in the ward round. 
This was facilitated by two faculty members; a physician leading the 
ward round wearing the HoloLens2 TM device and another clinician 
running the technology. All 15 participants (students, patients and 
faculty members) provided feedback on the session.

3.1  |  Feasibility

All students (n = 11) agreed that MR technology enabled access to 
clinical teaching that was otherwise not feasible secondary to the 
COVID- 19 pandemic, and more widely, due to variable access to spe-
cialist teaching for students. Students described how the technol-
ogy enabled learning from ‘unique patients in other sites and wards 
who you would not usually have access to’ and ‘patients with rare 
diseases who we would not usually be able to see’. Faculty members 
commented on the ease with which multiple students could benefit 
from the clinical experience, which would have not been physically 
feasible in the usual clinical environment.

MR technology enabled 
access to clinical teaching 
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COVID- 19 pandemic.

3.2  |  Acceptability

All students agreed that they found the MR ward round to be an en-
joyable learning modality. The majority (n = 8) agreed that the quality 
of the holographic content used in the ward round was adequate. 
One student disagreed and felt that ‘an improvement in lighting’ was 
required and ‘the image quality was not always great’.

All students agreed that they 
found the MR ward round 
to be an enjoyable learning 
modality.

Students also elaborated on the benefits of remote MR ward rounds 
compared to traditional face to face ward rounds. They described how 
‘it's hard to hear or see things on normal ward rounds as there are so 
many people and they are so busy… it allows us to see everything on 
one screen’. Patients involved felt the experience was ‘thoroughly en-
joyable’, were ‘extremely happy to provide some help for doctors in 
training’ and ‘would definitely volunteer again’. The patient– physician 
interaction was still maintained despite the use of a headset, with one 
patient stating ‘it felt personal and like a normal consultation’ and ‘I en-
joyed watching you navigate with the holograms during the session’.

3.3  |  Effectiveness

The majority (n = 9) of students agreed that they could interact with 
the clinician and have their questions answered. Students also high-
lighted their preference for interacting with the clinician remotely 
including, ‘this encourages us to get involved and have a discussion 
which is not always possible on a normal ward round’ and ‘we could all 
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This technology has enabled access to clinical teaching I
otherwise could not have accessed

I enjoyed this method of teaching

The quality of holographic information was adequate

I was able to interact with the physician and have my
questions answered

Strongly Disagree Disagree Neither agree nor disagree Agree Strongly Agree

F I G U R E  2  Post- Ward Round Questionnaire Percentage Responses (n = 11).



    |  389BALA et AL.

contribute if we wanted to without the pressure we might get if picked 
on’. One student felt that the interaction with the physician was ‘dif-
ficult… when multiple voices’ were speaking at the same time and that 
‘background noise’ was disruptive.

4  |  DISCUSSION

This proof- of- concept study aimed to explore the application of MR 
technology to deliver an interactive, remote access teaching ward 
round. Quantitative and free text feedback from students, faculty 
members and patients deemed this educational innovation to be 
feasible, acceptable and effective. Moreover, their feedback high-
lighted how learning design enabled by this technology could po-
tentially improve an existing method of teaching (i.e. the traditional 
ward round) and facilitate new ways of interacting between teach-
ers, students and patients.

Learning design enabled 
by this technology could 
potentially improve an 
existing method of teaching.

Technology is thought to support learning in several ways, includ-
ing through active group participation, frequent feedback and connec-
tion to world experts.8 This can be linked to connectivism, the notion 
that connecting learners to each other enables collaborative learning.9 
Furthermore, multimedia learning theory proposes deeper learning 
when information is presented through multiple modalities.10

Ensuring students have a similar clinical experience has proven chal-
lenging in the past. We can now provide consistent and equal access to 
learning opportunities irrespective of where medical students are placed 
for their training. MR technology can also be integrated across the med-
ical school curriculum, using holographic technology to enable access to 
specialist ward rounds, clinics and surgery. This may range from small 
group tutorials, to an entire year group of medical students. In addition, 
these educational opportunities could be recorded to create a library of 
bespoke MR resources for on- demand use on an international scale. This 
would further support student- centred learning by conferring the flexi-
bility to learn anytime and anywhere, according to students’ own pace.

Consistent and equal access 
to learning opportunities 
irrespective of where medical 
students are placed for their 
training.

Student- centred learning by 
conferring the flexibility to 
learn anytime and anywhere, 
according to students’ own 
pace.
Limitations of this study include that it took place at the end of 

the academic year and therefore resulted in a small sample size of 
study participants (n = 11). Furthermore, while free text comments 
provide some insight into why students agreed or disagreed with 
statements in our questionnaire, formal thematic analysis of qualita-
tive data could provide more in depth explanations and is important 
future work.

Some students reported difficulty interacting when multiple par-
ticipants attempted to speak simultaneously. Possible solutions for 
this include the use of the ‘raise hand’ function on Microsoft Teams if 
someone wishes to speak. Given that this session took place in an au-
thentic, busy clinical environment, some students also reported diffi-
culty with ‘background noise’. This can be mitigated by informing those 
in the area that teaching is taking place. Other improvements include 
ensuring better lighting and higher resolution of images to improve the 
quality of holographic content.

Further research is required to develop a pedagogical frame-
work for MR teaching ward rounds and to explore the impact of this 
technology on student learning as compared to traditional teaching 
methods (e.g. in- person ward rounds).

5  |  CONCLUSION

Our results support the feasibility, acceptability and effectiveness of 
using MR technology to deliver a remote access, interactive teaching 
ward round. We propose that this technology could be implemented 
by institutions worldwide to enable consistent and equal access to 
learning opportunities. Further work is required to assess the addi-
tional value MR technology brings to students’ learning compared to 
traditional teaching methods.
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