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Background:An animated, video-based, virtual patient (VP) has been developed to allowpharmacists to learn how, and
practice how, to advise patients taking non-vitamin K oral anticoagulants, a group of high-riskmedicines. VPs are well-
established resources but have historically only been accessed within specific online teaching sessions or at university
sites; this new VP represents a mobile design that can be accessed from anywhere.
Objective: To investigate the usability and acceptability of the VP application with a focus on exploring perspectives on
accessibility.
Methods: The study used an exploratory sequential mixed method design consisting of a satisfaction survey and inter-
views. Survey data were analysed descriptively to assess satisfaction with the application and to identify interview dis-
cussion areas. Interview data were analysed using the Framework Approach to thematic analysis. Participants were
hospital or community pharmacists, or pre-registration pharmacists.
Results: A total of 94 survey responses were collected and 22 respondents went on to take part in an interview. Partic-
ipants reported liking the concept and delivery of the VP, particularly the high-quality technology. They also reported
finding it usable, and appeared to favour its mobility and accessibility, particularly as the VP can be used on any inter-
net accessible device, including mobile phones, with no specific requirements. Amendments that were suggested in-
cluded quickening the delivery of some animations and improving navigation within the application, possibly
through a button to return to the previous step should a mistake be made.
Conclusions: Themobile VP appeared to be functional and usable, with themajority of users reporting satisfactionwith
use across a range of devices. Users reported positively about the VP's remote access, but navigation around the appli-
cation requires development.
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1. Introduction

Virtual patient (VP) technology is an evolvingmethod of simulation that
has benefits in delivering remote experiential learning across health
professions.1–3 Good user satisfaction has been reported in previous studies
that have evaluated both older and newer types of VP technologies.4–6

However, VPs have been defined in various ways, which is reflective of
their many uses, particularly as there are various ways of designing them
and VP technology can incorporate various modalities such as animation,
voice recognition and video technology.7 Therefore, for clarity, the follow-
ing definition of VP was adopted in this study8,9:

“A virtual patient is an interactive computer simulation of a computer
programmable patient (or avatar) in a real-life clinical scenario for the
t; IQR, interquartile range; NOAC, non
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purpose of medical training, education, or assessment that will respond
to learner decisions.”

VPs are usually highly individualised tools that incur significant design
costs, and so historically, they have only been accessible online from links
in specific courses, such as degree programmes and modules, or they
have been developed as pieces of equipment that require dedicated physi-
cal teaching spaces. Even the online types of these VPs have often required
particular software or hardware for use.10 This has meant that the accessi-
bility of such resources has been limited and there is a lack of VPs that
are more widely usable and accessible within the pressures of daily profes-
sional practice and clinical environments.11,12 Increasing the accessibility
of VPs seems germane, given the broadmove towards increased use of tech-
nology for health professional education, training and continuing profes-
sional development (CPD).10,13–15
-vitamin K oral anticoagulant; VP, virtual patient.
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Non-vitamin K oral anticoagulants (NOACs) are deemed to be ‘high risk
medicines’,16,17 which require extra advice and support to be given to pa-
tients about taking the medicine and on the risks and benefits of use.18,19

To our knowledge, VPs have not previously been developed that concern
NOACs, although other VP programmes are available for broader topics
such as ‘medication reviews’ and also for some formulations of medicines,
such as inhaled formulations. At present, pharmacists may undertake addi-
tional learning or CPD on NOACs use, but typically this is factual and clin-
ical, usually without applying the knowledge or practicing how to
communicate this information to patients. A VP programmewas developed
to offer the opportunity to learn the same clinical information relating to
NOACs, but in such away that the pharmacist can see, experience and prac-
tice communicating in a patient interaction. In this paper the evaluation of
the VP is discussed in terms of its design, functionality, and perceived ac-
ceptability and usability, rather than its educational merit which will be re-
ported elsewhere.

1.1. Aim

The aim of this study was to investigate the usability and acceptability
of a new style of VP; explore the perspectives of pharmacists and pre-
registration pharmacists on the VP's accessibility; and identify ways in
which the VP can be improved.

2. Methods

2.1. The VP design

In this study the VP was developed to be mobile (it is accessed via a
purpose-built website) and widely accessible (there are no specific or
specialised requirements for use, only log in details and an internet connec-
tion) for use in education and training courses or for individuals to use as
part of their CPD. A learning topic was chosen that was well-suited to expe-
riential learning (i.e. applying knowledge gained and practicing skills
rather than purely knowledge increase) and on a clinically important
medicines-related topic to maximise benefit for patients (NOACs).

The VP application was developed by Keele University and Bayer AG20

and it aims to teach the user (pharmacists or pre-registration pharmacists;
pre-registration trainees are trainees within the UK that are in a training
year between graduation from university and qualification to the pharma-
cist register) how to advise patients on safely taking NOACs (Fig. 1.). The
intended learning outcome of the application was that after having worked
through the VP programme, users should be able to: “demonstrate how to ad-
vise a new patient on rivaroxaban”. The VP used sophisticated, animated
Fig. 1. The virtual patient
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video technology to deliver a simulation that aimed to develop consultation
skills, where specific but tailored information should be effectively given to
a patient in a way that accommodates their needs.

The design used a decision tree to present multiple choice options to the
user for them to steer the consultation in the way they wanted. The VP
consisted of computer-generated, animated, videos that played a relevant
animation, depending on the decision made. The systems used Hypertext
Mark-up Language (HTML), cascading style sheets (CSS) and JavaScript
video renders that allowed the VPs to work on mobile phones, tablets,
and desktop devices.

At the end of using the programme, the user received personalised feed-
back on their performance in terms of both factual-clinical aspects and com-
munication skills. Users were free to use the programme as many times as
they wished, but it was anticipated that use of the VP from start to finish
would, as a minimum, take 15 min. However, users' actual duration of
use would depend on factors such as their style of use, their available
time, and their foundation of knowledge on the topic.

2.2. Study design

The study used exploratory sequential mixed methods, which involved
conducting a satisfaction survey followed by qualitative semi-structured in-
terviews. This designwas novel compared to previous VP evaluations, since
the majority of previous VP studies have used quantitative methods
alone.21–24 The semi-structured interviews with consenting survey respon-
dents were intended to further explore and contextualise the survey results,
particularly unexpected findings.

2.3. Recruitment and participation

The interview sample was estimated to be 15–25 participants based on
the homogeneity of the sample and the small number of characteristics rel-
evant to the study aim.25 Based on the need to recruit a large enough sam-
ple for the interview phase, the target sample size for the survey was
estimated to be 80–100 respondents using a 20–25% sequential approach
to sampling26; Use of a sample size calculation was not appropriate. Ethical
approval from Keele University (ERP1361) and UK Health Research Au-
thority approval (Ref 23,513) was obtained.

Participants had to be practising pharmacists or pre-registration trainee
pharmacists working at one of the study sites (n = 14). Sites covered geo-
graphical regions of community pharmacies or hospital trusts across En-
gland. The study was promoted via UK Clinical Research Networks to
recruit a mixture of sites from across England. Identification and recruit-
ment of individual participants from these sites used a mixture of email,
programme interface.
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social media and word of mouth to identify a range of potential partici-
pants. There was no monetary incentive to take part other than to gain ac-
cess to a novel educational tool which offered a CPD opportunity.

Consenting participants were initially recruited to the survey phase of
the study where they were provided with access to an online survey that in-
cluded access to the VP and instructions for use. As part of the survey, par-
ticipantswere asked for their interest in taking part in a follow up interview
and following the survey phase of the study a varied group were followed
up and interviewed. Interview participants were selected based on their
range of views including selecting those with responses which deviated
from the majority of responses within the survey, and based on respondent
demographics (e.g., age, gender and sector of practice) to obtain a varied
sample for the interview phase. This was possible as one researcher (CR)
had access to deanonymized consent form information that enabled identi-
fication of participants for follow up. Interview participants were contacted
around oneweek prior to the interview, providedwith access to the VP and
asked to re-familiarise themselves with it before the interview.
2.4. Data collection

The satisfaction survey was a subsection of a wider questionnaire ex-
ploring a range of factors associatedwith use of the VP. The satisfaction sur-
vey was made up of Likert questions addressing the VP's acceptability and
usability to the participants. These questions captured the VP‘s perceived
usefulness, enjoyment in use, difficulty in use, comfort in use, likeliness to
use again and likeliness to recommend it to others. The survey also asked
a series of questions including about respondents’ demographics. Where
possible, satisfaction questions (5-point Likert scales) from other VP
evaluations were used to contribute to the quality and rigor of the
instrument.5,14,21,24,27,28 No complete pre-existing tool could be identified
for use in this study. The tool was piloted with 12 participants prior to
use to assess its understandability and ease of completion; minor amend-
ments to the wording of some questions were made following this.

The interviews used a semi-structured approach to further explore the
use of the VP in practice and were conducted via a mixture of media
namely, face to face, telephone and video calling. The interviews used an
interview guide that was iterative as interviews progressed (supplementary
file 1). The interviewer (CR) was trained to conduct interviews and
underwent a process of reflexivity throughout the research. This included
discussing and reflecting on the process and conduct of interviews and
the analysis with other members of the research team, particularly in rela-
tion to ways that the research team's characteristics may have affected the
construction of the data; a reflexive diary was also kept by CR for this
purpose.
Table 1
Respondent demographics.

Whole sample Pre-registration pharmac

Gender
Male 24 (25.5%) 1 (4.3%)
Female 70 (74.5%) 22 (95.7%)

Age group
20–29 years 48 (51.1%) 22
30–39 years 29 (30.8%) 0
40–49 years 13 (13.8%) 1
50–59 years 4 (4.3%) 0
Older than 60 years 0 (0%) 0

Qualification status
Pre- registration pharmacists 23 (24.5%)
Registered pharmacists 71 (75.5%)

Sector of practice
Community 26 (27.7%) 3
Hospital 61 (64.8%) 18
Other (e.g. general practice) 7 (7.4%) 2

3

2.5. Data analysis

Survey data were anonymised by the lead researcher (CR), which in-
volved assigning each participant an identification number and then delet-
ing personally identifiable information from the database of responses used
for analysis. The data were initially analysed using descriptive statistics,
which involved calculations of medians and interquartile ranges (IQR) to
consider the average and spread of the data across the Likert scales;
means were not used due to the ordinal nature of the data.

Interviews were audio-recorded and transcribed verbatim before being
analysed using the Framework Approach to thematic analysis to identify
themes within the data.29–31 The analysis followed the stages of the frame-
work approach as discussed by Pope et al. and Gale et al., including
familiarisation with the data, coding of the data, development of a frame-
work, and mapping of the codes to the framework.30,31 From the frame-
work that was developed, emergent themes were identified and refined
by comparison with other themes and the transcripts, and discussion be-
tween members of the research team about meanings in the data.
3. Results

3.1. Survey

A total of 94 participants completed the survey between November
2018 and August 2019 (Table 1). This included participants from hospital
(n = 61), community (n = 26) and other (n = 7); and of pre-registration
pharmacists (n=23) and registered pharmacists (n=71). Further analysis
was undertaken to explore possible differences between those from the hos-
pital versus the community sector and between pharmacists and pre-
registration pharmacists, but no such differences were identified.

The Likert questions regarding satisfaction and the VP's usability
(Table 2. And Fig. 2.), used a scale of 1 “not at all” to 5 “extremely”. For
the questions regarding enjoyment, comfort, usefulness, likeliness to use
again and likeliness to recommend it, the median scores were “quite” (me-
dian 4; IQR = 1, except questions concerning repeated VP use and
recommending it where IQR = 2).

Despite the samemedian (median 4), there were some differences in the
spread of results across the Likert scales (Fig. 2.). Enjoyment using the VP
had 73.4% of responses for “moderately” or “quite”. The question regard-
ing the usefulness of the VP was more positive as 80.9% of responses
were for Likert scores of “quite” and “extremely”. For the question regard-
ing difficulty using the VP, themedian scorewas “not at all” (IQR=1), sug-
gesting that the majority of respondents (86.2% for “not at all” and
“slightly”) did not find the technology difficult to use. These usability
ists Registered pharmacists Community Hospital

23 (32.4%) 8 (30.8%)⁎ 13 (21.3%)⁎
48 (67.6%) 18 (69.2%) 48 (78.7%)

26 11 33
29 8 18
12 4 9
4 3 1
0 0 0

3 18
23 43

23
43
5



Table 2
Median responses to questions relating to the usability of the virtual patient
programme, measured on a scale of 1 “not at all” to 5 “extremely”.

Question
(all measured on a Likert scale of 1 not at all to 5 extremely)

Median IQR

How enjoyable did you find using the virtual patient programme? 4 - quite 1
How comfortable were you using the virtual patient technology? 4 - quite 1
How difficult did you find the virtual patient programme to use? 1 – not at

all
1

How useful did you find the virtual patient programme? 4 - quite 1
How likely are you to use the virtual patient programme again? 4 - quite 2
How likely are you to recommend the virtual patient programme to
a colleague?

4 - quite 2
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questions indicated that respondents, found the VP usable and would use it
again and/or recommend it (72.4% agreed or strongly agreed they would
recommend to a colleague; 62.7% agreed or strongly agreed they would
use again).

3.2. Interview results

Interviews provided further insights by directly exploring the results of
the satisfaction survey with participants. A total of 22 interviews took place
with an average duration of 31 min (Range 19–43 min). Two themes relat-
ing to usability and the VP technology emerged from the data: ‘running of
the VP’ and ‘technological improvements’ (see supplementary file 2 for fur-
ther detail).

3.2.1. Running of the VP
The VP technology appeared to be functional, and most users reported

good access and usability although a minority of participants did report en-
countering varying technological issues. These included problems
accessing and running the VP, although it was not clear in some cases
why this had occurred.

“So, thefirst time I did it, it was absolutelyfine. Er, it worked like a treat.
Erm, however, when I... went back on that same computer to use it, it
did freeze, and it kept freezing which was frustrating...”
Fig. 2. VP usability accessed via six questions each qu
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[[P35, hospital pharmacist]]

Some participants also reported parts of the VP being slow, which ap-
peared not to be due to the technology, but rather the design and the
speed at which the application had been programmed to deliver the ani-
mated responses.

“I think it was more that the patient was talking slow and…everything
else was fine and the whole programme went fast and everything….”

[[P50, hospital pre-registration trainee]]

The nextmost common discussion area concerned access to the VP. This
was not raised by all participants, but of those that did, all said that access to
the VP was at least adequate.

A group of participants accessed the VP via a mobile telephone, these
participants spoke in overwhelmingly positive terms about this mobility.

“I thought it was good that it works on my mobile. I didn't think it
would.”

[[P57, hospital pharmacist]]

Furthermore, a number of participants explicitly expressed that they
thought the VP was user-friendly.

“Yeah, I mean because it's digital, you can use it anywhere really, bot-
tom line…I think it's fantastic. I think I love howyou can get it up on dif-
ferent devices, like iPads.”

[[P17, mixed hospital and general practice pharmacist]]

3.2.2. Technological improvements
All participants suggested some form of technological amendment to

improve the user experience. These ranged from minor adjustments
where the experience was thought to not be optimum, to more significant
changes that could affect technological delivery of the VP. However, most
participants appeared to have still found the VP to be useable without the
suggested changes being made.
estion is across a Likert of not at all to extremely.
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“I think it's [the VP] a very good idea… I'm highlighting issues that it
can improve...It's constructive criticism”

[[P35, hospital pharmacist]]

A further example concerned improvements to the speed of the patient
talking to minimise the previously discussed ‘slow animations’.

The technological change most frequently discussed was the introduc-
tion of a ‘back’ button so that the user could return to previous decision
points within the application.

“I don't know if therewas an option to go back and change your option. I
feel like there wasn't so if you had made that decision you [were not]
able to go back.”

[[P5, hospital pre-registration pharmacist]]

For those who thought a back button was a good idea, the main reasons
appeared to be because they could attempt to rectify the consultation if they
thought it was going less than optimally or because they accidently clicked
an option they had not intended to. This was a more common perspective
from pre-registration pharmacists.

“I clicked something by accident at one point, but I wasn't able to go
back and just change it. I had to start it all again.”

[[P5, hospital pre-registration pharmacist]]

On the other hand, some participants said that use of a back button was
not a good idea. The commonest reason for this was that there is no such
thing as a ‘back button’ in real-life practice.

“It would be useful if you could go back. But in real life, if you start a
consultation and you said something or you make a decision, how do
you backtrack? Like you can't really, or you just have to rectify it as
you progress. So, I think – well I suppose from the user-friendly point
of view it would be nice to have as an additional option, but in reality,
it doesn't happen.”

[[P74, community pharmacist]]

4. Discussion

Themajority of respondents appeared to find the VP acceptable and us-
able, with few technical limitations. The VP functioned as a mobile and ac-
cessible application available without any specific requirements other than
an internet connection. The few reports of freezing or trouble loading the
VP were more likely to have been due to the user's internet connection or
the device used than the VP software, according to the expert technical re-
view of the software by the VP's programmers. However, some design
choices have been identified as needing optimisation such as the speed of
animation and potentially the use of a ‘back’ button.

Some studies have previously incorporated VP access via common web
browsers, but no applications appear to have considered the consequences
of this for use on mobile devices and how this could affect VP access.14,32

This is in part because VPs have previously not been accessible outside of
defined locations and somobility has not been awidely documented discus-
sion area for VPs.23,33 Connectivity and internet access will also need fur-
ther investigation as technologies are developed to be used at home or on
the move. Similarly, the animations, although particularly well-received
for being lifelike, may benefit from running at a faster speed, as this
detracted from usability for a minority of participants. However, this limi-
tation may have been heightened by variable internet connections.

A number of participants highlighted that they thought that the VP was
user-friendly. Thisfinding differs fromprevious work that found that itmay
take users a period of time to become accustomed to using the technology,
5

during which they may not find it to be user-friendly.14 This could also be
reflective of increased use of technology in all parts of life. The participants
did not appear to have to adjust to using this VP which is encouraging as
Taglieri et al., pointed out that familiarity with the technology can improve
learning.33

Despite this, a small number of users suggested altering the VP's inter-
face to create a ‘back button’ to allow for better navigation within the pa-
tient case. This was more common in pre-registration pharmacists,
possibly because of their lack of experience of the topic area relative to
qualified pharmacists so theymay have beenmore likely tomake ‘mistakes’
within the consultation and want to go back a step. This may improve the
user experience but, from an educational point of view the use of a back
button may not be in keeping with one of the recognised advantages of
VPs, which is being able to safely experience the consequences of
mistakes.8,34 Additionally, a back button may reduce the realism of the ex-
perience as there is no such thing as a ‘back button’ in real life; something
which was directly identified by some participants. The current lack of a
back button does not appear to be prohibitive of VP use but improved nav-
igationwithin the system does need to be considered and in such away that
embraces the triad of the: educational purpose of the application which in-
cludes it being a safe space to experience the consequences of mistakes; the
realism and authenticity to practice; and technical usability.

The VP uses experiential learning35,36 to cyclically develop skills in
NOAC counselling. It is possible that the mobility of the VP contributed to
bringing this learning closer to clinical practice as the VP could be accessed
at any time, following self-identification of areas for development as part of
routine CPD or following critical practice-based incidents.37 Mobile learn-
ing resources are recognised to be able to bridge the gap between classroom
and practice12 although this appears to be the first time that the acceptabil-
ity of a VP has been evaluated to consider mobility and mobile phone ac-
cess.

The VP technology and the novel, mobile device access, have applicabil-
ity across health professions as we move towards lifelong continuous CPD
alongside an increasingly pressurised health environment where technol-
ogy needs to be complimentary to and accessiblewithin theworking behav-
iours of the users. The VP has demonstrated that it is possible to design an
online, remotely accessed, usable simulation and this has transferability to
various sectors and professions. Indeed, the COVID-19 pandemic in partic-
ular has since seen options for face-to-face role play as a simulation oppor-
tunity become highly limited and healthcare training has subsequently
looked to utilise blended learning methods, which has increased the need
for more readily accessible online tools such as this VP.38,39

4.1. Limitations

This study focuses on the technical usability of a single, mobile learning
VP and the findings may not necessarily be transferrable to other mobile
learning VPs. Similarly, VP applications on different clinical topics may
not be experienced as favourably by users. However, whilst VPs can be
highly specific technologies, the description and detail provided here is
intended to facilitate assessments of such similarities and transferability
of findings to better design and implement future applications. It is also ac-
knowledged that the survey sample size may not have been representative
of the whole population eligible to participate, and that participant recruit-
ment was lower in the community sector (n= 26) than the hospital sector
(n = 61) for both study phases. This could be seen as a limitation but, as
highlighted, there were no apparent differences between the community
and hospital groups during data analysis.

5. Conclusion

The VP technology was functional and well-liked by participants, and a
novel feature of mobile access has been demonstrated. Some design
features, such as navigation around the application need development to
better improve user experience. This study can help to contribute to
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identifying an ‘ideal’VP design that is both usable and accessible yet educa-
tionally valuable.

Authorship

Charlotte Richardson, Professor Stephen Chapman, and Dr. Simon
White planned, designed and drafted the manuscript. Charlotte Richardson
also conducted the analysis for the manuscript.
Declaration of Competing Interest

The VP was commissioned and paid for by, Bayer AG. They had no in-
volvement in the design or conduct of the research nor in the drafting of this
manuscript. There are no competing interests concerning this study. Henry
Gentle, the virtual patient character is not an actual patient. Any resem-
blance to real person living or deceased is a coincidence.

Acknowledgments

The authors would like to acknowledge Bayer AG, Anna Laven from
Pharmabrain and the VP development team at Keele University, particu-
larly Luke Bracegirdle, for their roles in the development of the virtual pa-
tient. Special thanks goes to all the study participants and research sites.
This research did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.rcsop.2021.100069.

References

1. Hege I, Kononowicz A, Tolks D, Edelbring S, Kuehlmeyer K. A qualitative analysis of vir-
tual patient descriptions in healthcare education based on a systematic literature review.
BMC Med Educ 2016;16(1):146. https://doi.org/10.1186/s12909-016-0655-8.

2. Berman NB, Durning SJ, Fischer MR, Huwendiek S, Triola MM. The role for virtual pa-
tients in the future of medical education. Acad Med 2016;91(9):1217–1222. https://
doi.org/10.1097/ACM.0000000000001146.

3. Kononowicz A, Zary N, Edelbring S, Corral J, Hege I. Virtual patients - what are we
talking about? A framework to classify the meanings of the term in healthcare education.
BMC Med Educ 2015;15(1):11. https://doi.org/10.1186/s12909-015-0296-3.

4. Menendez E, Balisa-Rocha B, Jabbur-Lopes M, et al. Using a virtual patient system for the
teaching of pharmaceutical care. Int J Med Inform 2015;84(9):640–646. https://doi.org/
10.1016/j.ijmedinf.2015.05.015.

5. Smith M, Mohammad R, Benedict N. Use of virtual patients in an advanced therapeutics
pharmacy course to promote active, patient-centered learning. Am J Pharm Educ
2014;78(6):125. https://doi.org/10.5688/ajpe786125.

6. Thompson J, White S, Chapman S. Virtual patients as a tool for training pre-registration
pharmacists and increasing their preparedness to practice: a qualitative study. PLoS One
2020;15(8), e0238226. https://doi.org/10.1371/journal.pone.0238226.

7. Guise V, Chambers M, Conradi E, Kavia S, Vallimakki M. Development, implementation
and initial evaluation of narrative virtual patients for use in vocational mental health
nurse training. Nurse Educ Today 2012;32(6):683–689. https://doi.org/10.1016/j.
nedt.2011.09.004.

8. Bracegirdle L, Chapman S. Programmable patients: simulation of consultation skills in a
virtual environment. Bio-Algorithms Med-Sys 2010;6(11):111–115.

9. Ellaway R, Cameron H, Ross M, Laurie G, Maxwell M, Pratt R. An Architectural Model for
MedBiquitous Virtual Patients. 2007.

10. Stevens A, Hernandez J, Johnsen K, et al. The use of virtual patients to teach medical stu-
dents history taking and communication skills. Am J Surg 2006;191(6):806–811. https://
doi.org/10.1016/J.AMJSURG.2006.03.002.

11. Sharples M, Taylor J, Vavoula G. Towards a theory of mobile learning. Proc Mlearn 2005
2005;1(1), 6652555.
6

12. Sharples M, Arnedillo-Sánchez I, Milrad M, Avoula V. Mobile learning. Technology-
Enhanced Learning. First Dordrecht: Springer; 2009. p. 233–249. https://doi.org/10.1007/
978-1-4020-9827-7.

13. Jabbur-Lopes M, Mesquita A, Silva L, Neto ADA, Lyra D. Reviews: virtual patients in
pharmacy education. Am J Pharm Educ 2012;76(5):92. https://doi.org/10.5688/
ajpe76592.

14. Bindoff I, Ling T, Bereznicki L, et al. A computer simulation of community pharmacy
practice for educational use. Am J Pharm Educ 2014;78(9):1–8. https://doi.org/10.
5688/ajpe789168.

15. Richardson CL, White S, Chapman S. Virtual patient technology to educate pharmacists
and pharmacy students on patient communication: a systematic review. BMJ Simul
Technol Enhanc Learn December 2019, bmjstel-2019-000514. https://doi.org/10.
1136/bmjstel-2019-000514.

16. Medicines Governance Northern Ireland. High Risk Medicines. The Northern Ireland Med-
icines Governance Team. 2015.

17. Midlands Partnership NHS Foundation Trust. High Risk Drugs List. 2011.
18. The Royal Pharmaceutical Society. Supporting patients on oral anticoagulants. RPS Quick

Reference Guide; 2012 https://www.rpharms.com/resources/quick-reference-guides/supporting-
patients-on-oral-anticoagulants.

19. National Institute for Health and Care Excellence. Atrial Fibrillation: Management. NICE
Guideline (CG180). 2014, https://www.nice.org.uk/guidance/cg180 2014.

20. Richardson CL, Chapman S, White S. Virtual patient educational programme to teach
counselling to clinical pharmacists: development and proof of concept. BMJ Simul
Technol Enhanc Learn 2018, bmjstel-2018-000352. https://doi.org/10.1136/bmjstel-
2018-000352.

21. Thompson J, White S, Chapman S. An evaluation into the effectiveness of virtual patients
compared with non-interactive learning techniques in pre-registration training. Int J
Pharm Pract 2016;24(S1):27. https://doi.org/10.1111/ijpp.12265.

22. Zary N, Johnson G, Boberg J, Fors UGH. Development, implementation and pilot evalu-
ation of a Web-based Virtual Patient Case Simulation environment - Web-SP. BMC Med
Educ 2006;6:1-17. https://doi.org/10.1186/1472-6920-6-10.

23. Forsberg E, Ziegert K, Hult H, Fors U. Assessing progression of clinical reasoning through
virtual patients: an exploratory study. Nurse Educ Pract 2016;16(1):97-103. https://doi.
org/10.1016/j.nepr.2015.09.006.

24. Douglass M, Casale J, Skirvin A, Di Vall M. A virtual patient software program to improve
pharmacy student learning in a comprehensive disease management course. Am J Pharm
Educ 2013;77(8):172. https://doi.org/10.5688/ajpe778172.

25. Francis JJ, Johnston M, Robertson C, et al. What is an adequate sample size?
Operationalising data saturation for theory-based interview studies. Psychol Health
2010;25(10):1229–1245. https://doi.org/10.1080/08870440903194015.

26. Onwuegbuzie AJ. A typology of mixed methods sampling designs in social science re-
search. TQR 2007;12(2):281–316.

27. Al-Dahir S, Bryant K, Kennedy KB, Robinson DS. Online virtual-patient cases versus tra-
ditional problem-based learning in advanced pharmacy practice experiences. Am J
Pharm Educ 2014;78(4):1–8. https://doi.org/10.5688/ajpe78476.

28. Zlotos L, Power A, Hill D, Chapman P. A scenario-based virtual patient program to sup-
port substance misuse education. Am J Pharm Educ 2016;80(3):48. https://doi.org/10.
5688/ajpe80348.

29. Ritchie J, Lewis J, McNaughton Nicholls C, Ormston R. Qualitative Research Practice. Sec-
ond: SAGE Publications Inc. 2014.

30. Pope C, Ziebland S, Mays N. Qualitative research in health care: analysing qualitative
data. Br Med J 2000;320(7227):114–116. https://doi.org/10.1136/bmj.320.7227.114.

31. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for
the analysis of qualitative data in multi-disciplinary health research. BMC Med Res
Methodol 2013;13(1):117. https://doi.org/10.1186/1471-2288-13-117.

32. Shoemaker MJ, De Voest M, Booth A, Meny L, Victor J. A virtual patient educational ac-
tivity to improve interprofessional competencies: a randomized trial. J Interprof Care
2015;29(4):395–397. https://doi.org/10.3109/13561820.2014.984286.

33. Taglieri CA, Crosby SJ, Zimmerman K, Schneider T, Patel DK. Evaluation of the use of a
virtual patient on student competence and confidence in performing simulated clinic
visits. Am J Pharm Educ 2017;81(5). https://doi.org/10.5688/ajpe81587.

34. Botezatu M, Hult H, Fors UG. Virtual patient simulation: what do students make of it? A
focus group study. BMC Med Educ 2010;10(1):91. https://doi.org/10.1186/1472-6920-
10-91.

35. Kolb D. Experiential Learning: Experience as the Source of Learning and Development. Engle-
wood Cliffs, New Jersey: Prentice-Hall. 1984.

36. Poore JA, Cullen DL, Schaar GL. Simulation-based interprofessional education guided by
Kolb’s experiential learning theory. Clin Simul Nurs 2014;10(5):e241–e247. https://doi.
org/10.1016/j.ecns.2014.01.004.

37. Zigmont JJ, Kappus LJ, Sudikoff SN. Theoretical foundations of learning through simula-
tion. Semin Perinatol 2011;35(2):47–51. https://doi.org/10.1053/j.semperi.2011.01.
002.

38. Sandhu P, de Wolf M. The impact of COVID-19 on the undergraduate medical curricu-
lum. Med Educ Online 2020;25(1):1764740. https://doi.org/10.1080/10872981.2020.
1764740.

39. Lyons KM, Christopoulos A, Brock TP. Sustainable pharmacy education in the time of
COVID-19. Am J Pharm Educ 2020;84(6), ajpe8088. https://doi.org/10.5688/ajpe8088.

https://doi.org/10.1016/j.rcsop.2021.100069
https://doi.org/10.1016/j.rcsop.2021.100069
https://doi.org/10.1186/s12909-016-0655-8
https://doi.org/10.1097/ACM.0000000000001146
https://doi.org/10.1097/ACM.0000000000001146
https://doi.org/10.1186/s12909-015-0296-3
https://doi.org/10.1016/j.ijmedinf.2015.05.015
https://doi.org/10.1016/j.ijmedinf.2015.05.015
https://doi.org/10.5688/ajpe786125
https://doi.org/10.1371/journal.pone.0238226
https://doi.org/10.1016/j.nedt.2011.09.004
https://doi.org/10.1016/j.nedt.2011.09.004
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0040
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0040
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0045
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0045
https://doi.org/10.1016/J.AMJSURG.2006.03.002
https://doi.org/10.1016/J.AMJSURG.2006.03.002
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0055
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0055
https://doi.org/10.1007/978-1-4020-9827-7
https://doi.org/10.1007/978-1-4020-9827-7
https://doi.org/10.5688/ajpe76592
https://doi.org/10.5688/ajpe76592
https://doi.org/10.5688/ajpe789168
https://doi.org/10.5688/ajpe789168
https://doi.org/10.1136/bmjstel-2019-000514
https://doi.org/10.1136/bmjstel-2019-000514
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0080
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0080
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0085
https://www.rpharms.com/resources/quick-reference-guides/supporting-patients-on-oral-anticoagulants
https://www.rpharms.com/resources/quick-reference-guides/supporting-patients-on-oral-anticoagulants
https://www.nice.org.uk/guidance/cg180
https://doi.org/10.1136/bmjstel-2018-000352
https://doi.org/10.1136/bmjstel-2018-000352
https://doi.org/10.1111/ijpp.12265
https://doi.org/10.1186/1472-6920-6-10
https://doi.org/10.1016/j.nepr.2015.09.006
https://doi.org/10.1016/j.nepr.2015.09.006
https://doi.org/10.5688/ajpe778172
https://doi.org/10.1080/08870440903194015
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0130
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0130
https://doi.org/10.5688/ajpe78476
https://doi.org/10.5688/ajpe80348
https://doi.org/10.5688/ajpe80348
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0145
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0145
https://doi.org/10.1136/bmj.320.7227.114
https://doi.org/10.1186/1471-2288-13-117
https://doi.org/10.3109/13561820.2014.984286
https://doi.org/10.5688/ajpe81587
https://doi.org/10.1186/1472-6920-10-91
https://doi.org/10.1186/1472-6920-10-91
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0175
http://refhub.elsevier.com/S2667-2766(21)00069-X/rf0175
https://doi.org/10.1016/j.ecns.2014.01.004
https://doi.org/10.1016/j.ecns.2014.01.004
https://doi.org/10.1053/j.semperi.2011.01.002
https://doi.org/10.1053/j.semperi.2011.01.002
https://doi.org/10.1080/10872981.2020.1764740
https://doi.org/10.1080/10872981.2020.1764740
https://doi.org/10.5688/ajpe8088

	Establishing the acceptability and usability of an animated virtual patient simulation
	1. Introduction
	1.1. Aim

	2. Methods
	2.1. The VP design
	2.2. Study design
	2.3. Recruitment and participation
	2.4. Data collection
	2.5. Data analysis

	3. Results
	3.1. Survey
	3.2. Interview results
	3.2.1. Running of the VP
	3.2.2. Technological improvements


	4. Discussion
	4.1. Limitations

	5. Conclusion
	Authorship
	Declaration of Competing Interest
	Acknowledgments
	Appendix A. Supplementary data
	References




