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Abstract
Students	studying	pharmacy	often	lack	motivation	to	engage	with	chemical	principles.	 In	
particular,	 they	 often	 find	 fundamental	 chemical	 concepts	 such	 as	the	 visualisation	 of	
three-dimensional	structures	challenging.	This	programme	description	reports	the	 design	
and	 implementation	 of	 a	 teaching	 session	 where	 stand-alone	 virtual	 reality	 (VR)	
technology	 was	offered	alongside	 traditional	methods	of	 instruction	 in	 an	attempt	 to	
encourage	 students	 to	 engage	 with	 fundamental	 chemistry	 concepts	 relating	 to	 the	
three-dimensional	 structures	of	drug	molecules.	By	using	VR	technology	in	combination	
with	paper-based	in-class	exercises	and	supporting	material	delivered	via	a	virtual	learning	
environment,	the	authors	demonstrate	that	virtual	reality	could	be	used	to	both	reinforce	
learning	and	enhance	engagement	with	a	 topic	which	students	often	find	challenging.	A	
blended	approach	employing	different	methods	of	delivery	presents	the	advantage	that	it	
allows	the	user	control	over	the	level	of	interaction	with	each	individual	element.	As	such,	
VR	 becomes	 a	 valuable	 instructional	 tool	 rather	 then	 the	 focus	 of	 the	 session	 or	 a	
distraction.	To	evaluate	 the	 sessions,	student	 feedback	was	collected	using	a	 ‘ballot-box’	
system	 where	 students	could	provide	 anonymous	 free	 response	 comments.	 Feedback	
from	 the	session	was	overwhelmingly	positive	 and	it	was	noted	that	the	 optional	use	 of	
VR	 technology	 kept	 students	 engaged	 in	 tackling	 paper-based	exercises	 in	an	 area	 of	
curriculum	which	learners	often	find	difficult.	It	is	noted	that	a	blended	approach	can	help	
to	overcome	several	of	the	barriers	in	the	use	of	VR	in	a	classroom	setting.	In	addition,	 it	
highlights	that	effective	deployment	of	such	technology	is	both	viable	and	beneficial	on	a	
classroom	scale.	In	the	future,	the	authors	hope	to	apply	these	methods	to	other	parts	of	
the	curriculum	

PROGRAMME	DESCRIPTION

Introduction
For	 students	studying	pharmacy,	chemistry	is	an	 integral	
part	 of	 the	 curriculum.	 The	 General	 Pharmaceutical	
Council	 indicative	 syllabus	 for	 pharmacy	 specifies	 that	
students	must	be	able	to	understand	and	apply	chemistry	
concepts	 such	 as	 those	 relating	 to	 chemical	 structure,	
bonding	 and	 nomenclature, 	 functional	 groups	 and	
reactivity	 and,	 the	 synthesis	 of	 therapeutic	 molecules	
(General	 Pharmaceutical	Council,	2011).	 	Core	 chemistry	

concepts	 are	also	 essential	 for	 a	deep	 understanding	of	
the	 bioscience	 components	of	 pharmacy	 undergraduate	
programmes	 from	 the	 molecular	 level	 to	 the	 organism	
level	 (Ang	 &	 van	 Reyk,	 2013).	 In	 addition,	 they	 are	
important	 to	 enable	 students	 to	 perform	 functions	
necessary	 to	 deliver	 care	 (Alsharif, 	Destache,	 &	 Roche,	
1999).		Examples	of	the	latter	include	an	understanding	of	
drug	interactions	and	side	effects	which	have	implications	
for	 patient	 safety	 (Fergus	 &	 Kostrzewski,	 2011)	 and	

Keywords
Drug	Design
Molecular	Models
Molecular	Structure
Virtual	Reality

Correspondence	
Dr	James	Hall
Room	219
Chemistry	and	Pharmacy	Building
Whiteknights	Campus
University	of	Reading
Reading
RG6	6DX
United	Kingdom
James.Hall@reading.ac.uk	

*Both	authors	contributed	equally	to	
this	work

365

1Reading	School	of	Pharmacy,	University	of	Reading,	United	Kingdom				2Leicester	School	of	Pharmacy,	De	Montfort	University,	United	Kingdom

http://orcid.org/0000-0003-3716-4378
http://orcid.org/0000-0003-4904-4138
https://doi.org/10.46542/pe.2020.201.365374
https://doi.org/10.46542/pe.2020.201.365374
mailto:James.Hall@reading.ac.uk
mailto:James.Hall@reading.ac.uk


Hall	&	Allman																																																																																		Virtual	reality	and	traditional	approaches	in	a	pharmacy	curriculum

Pharmacy	Education	20(1)	365	-374 366

supported	 decision	making	in	 a	healthcare	environment	
(Faruk	 Khan,	 Deimling,	 &	 Philip,	 2011).	 Studies	 in	
pharmacy	 and	 allied	 health	 professions	 such	 as	 nursing	
(Craft	 et	 al., 	 2017)	 have	 suggested	 that	 student	
engagement	with	 core	science	principles	is	influenced	by	
factors	such	as	anxiety	and	perceptions	of	the	relevance	of	
science	to	practice.	Studies	of	nursing	students	(Smith	et	
al.,	 2018)	 suggest	 that	 students	 often	 lack	 confidence	
rather	 than	 ability	 when	 faced	 with	 chemical	 concepts,	
with	 similar	 issues	 being	 highlighted	 in	 the	 context	 of	
teaching	other	 foundational	 sciences	(Friedel	&	Treagust,	
2005)	where	 the	subject	 is	perceived	 as	difficult	 (Gordon	
&	Hughes,	2013;	Ralph	et	al.,	2017).	Anxiety	surrounding	
chemistry	 as	 a	 non-focus	 subject	 has	 also	 been	
documented	by	science	educators,	particularly	in	students	
studying	 for	 qualifications	 in	 allied	 health	 professions	
(Widanski	&	McCarthy,	2009).		This	has	been	linked	in	part	
to	preparedness	in	courses	such	as	nursing	(where	science	
may	 not	 be	 a	 prerequisite	 for	 admission),	 but	 also	 in	
courses	 such	 as	 pharmacy	 (where	 chemistry	 is	 a	
prerequisite).	In	the	latter	case,	this	has	been	attributed	to	
time	 elapsing	 between	 the	 study	 of	 relevant	 chemical	
concepts	 at	 secondary	level	 and	 the	 later	 application	 of	
these	concepts	at	university	level	(Trippier,	2018).		

Much	 emphasis	 is	 given	 to	 presenting	chemistry	 in	 the	
context	 of	 health	 and	 practice	 in	 order	 to	 promote	
engagement	 with	 chemical	 principles	 and	 encourage	
effective	learning.	In	 the	United	Kingdom	(UK)	pharmacy	
curriculum,	 the	 communication	 of	 the	 relevance	 of	
organic	 chemistry	 is	 often	 achieved	 by	 the	 selection	 of	
therapeutic	molecules	 as	 examples.	Studies	 have	shown	
that	 pharmacy	 students	 have	 no	 issue	 recognising	 the	
relevance	 of	 organic	 chemistry	 to	 their	 discipline	
(Prescott,	Wilson,	&	Wan,	2014;	Wehle	&	Decker,	2016).		
Similarly	 in	 nursing,	 studies	 have	 shown	 that	 nursing	
students	also	appreciate	the	scientific	content	of	courses	
(Clifton	 &	McKillup, 	2016)	 but	 that	 some	 concepts	 are	
viewed	as	more	relevant	than	others	(Brown	et	al.,	2012).	
The	relevance	of	some	fundamental	chemical	concepts	to	
the	 practice	 environment	 may	 therefore	 present	 a	
challenge	 to	 communicate.	 Contextualisation	 does,	
therefore,	remain	 important	 in	reinforcing	relevance	and	
in	assisting	students	 in	translating	scientific	knowledge	to	
practice.		

Both	 positive	 and	 negative	 factors	 influencing	 student	
emotion	 (such	 as	 enjoyment	 or	 anxiety	 related	 to	
assessment)	have	been	shown	to	be	related	to	academic	
performance	in	organic	chemistry	(Gibbons	et	al., 	2018).	
Willingness	of	students	to	engage	has	also	been	shown	to	
be	compounded	by	factors	such	as	the	positive	attitudes	
and	enthusiasm	of	teaching	staff	(Vahdat,	2009;	Alsharif	&	

Qi, 	2014).	 Many	 studies	 have	 presented	 approaches	 to	
teaching	 chemistry	where	 different	 pedagogic	 methods	
are	employed	to	support	traditional	lectures,	enhance	the	
learning	experience,	and	increase	student	performance	in	
science	 subjects	 (Freeman	 et	 al., 	 2014).	 These	 have	
included	 student-centred	pedagogic	approaches,	such	as	
the	 use	 of	 clinical	 scenarios	 (Mahaffey,	 2019b)	 or	
problem-based	 or	 collaborative	 learning	 exercises	
(Stewart	et	al.,	2011;	Chase, 	Pakhira,	&	Stains, 	2013)	and	
the	use	of	physical	models	(Hall	et	al.,	2017).	A	variety	of	
technology-enhanced	learning	approaches	have	also	been	
examined,	 from	 using	 media	 resources	 in	 combination	
with	 traditional	 lectures	(Gloudeman	et	 al., 	2018;	 Rose,	
2018)	 to	 computational	 modelling	 classes	 (Carvalho,	
Borges, 	&	Bernardes,	2005;	Mahaffey, 	2019a).	The	ability	
to	 deliver	 sessions	of	 these	types	 can	 be	constrained	by	
logistical	 issues	 such	 as	 the	 availability	 of	 appropriate	
specialist	 teaching	 facilities	 such	 as	 computer	 rooms	or	
resources	such	as	hardware	(Trippier,	2018).

Figure	A:	An	isomer	of	penicillin	drawn	in	skeletal	format	
(left)	 and	 as	 a	 3D	 representation	 (right).	 Atoms	 are	
coloured	 according	 to	 type,	 with	 carbon	 in	 green,	
nitrogen	 in	 blue,	oxygen	 in	red, 	hydrogen	 in	white	 and	
sulphur	in	yellow.	

The	 success	 of	 these	 approaches	 has	 been	 linked	 to	
activities	 changing	 student	 perception	 of	 fundamental	
science	 concepts,	 or	 reinforcing	 the	 relevance	 of	 such	
concepts	to	practice. 	However,	active	learning	approaches	
which	 engage	 students	 in	 the	 learning	 process	 (Prince,	
2004)	 can	 also	 act	 as	 a	 means	 to	 stimulate	 student	
enthusiasm	 and	 enjoyment	 in	 science	 subjects	
(Armbruster	et	al.,	2009).	For	example,	chemical	concepts	
relating	 to	 molecular	 shape	 and	 structure	 are	 of	 key	
importance	 to	 understanding	 the	 chemical	 and	
biochemical	concepts	relevant	 to	 pharmacy	but	students	
often	find	them	challenging	(Dries	et	al.,	2017).	This	in	part	
is	 due	 to	 the	 requirement	 for	 translation	 between	
symbolic	 representations	of	 structures	presented	 in	 two	
dimensions	 (2D)	 and	 three-dimensional	 (3D)	 shape	
(Cooper	 &	 Oliver-Hoyo,	 2017)	 (Figure	 A).	 Showing	 3D	
structures	 in	 immersive	 environments	 rather	 than	 in	 2D	
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environments	(as	an	animation	on	a	computer	screen)	has	
been	 previously	 demonstrated	 to	 enhance	 both	 under-	
standing	 and	 motivation	 for	 learning	 core	 chemistry	
concepts	such	as	these	(Limniou,	Roberts,	&	Papadopoulos,	
2008).	 Combined,	 these	 approaches	 serve	 to	 encourage	
the	 deep	 engagement	 with	 concepts	 necessary	 for	 the	
confident	engagement	with	 science	concepts	required	 to	
support	the	practice	environment.

The	use	of	virtual	reality	in	health	education
The	primary	objective	of	VR	technologies	is	to	allow	a	user	
to	 operate	 within	 an	 artificially	 created	 environment	
(Latta	&	Oberg,	1994).	Although	there	are	many	different	
types	 of	experiences	which	 can	 be	classified	 as	VR, 	fully	
immersive	VR	 often	 employs	 head	 mounted	 displays	 to	
allow	the	user	 to	interact	with	the	artificial	environment	
(Figure	 B).	 In	 head-mounted	 displays,	 the	 simultaneous	
projection	of	separate	images	to	each	eye	from	different	
perspective	 creates	the	 sensation	 of	 a	3D	 environment.	
Displays	 can	 vary	 greatly	 in	 terms	 of	 technological	
capability,	 with	 features	 such	 as	motion	 interfaces	 and	
haptic	 feedback	elements	 employed	 in	 high-end	 devices	
to	 further	 enhance	 the	 level	 of	 user	 immersion	 and	
interaction.	 VR	 technology	 has	 found	 extensive	 use	 in	
recreational	pursuits,	healthcare	settings	(Garcia-Palacios,	
et	 al.,	 2002;	 Keefe	 et	 al., 	2012;	Özer	 &	 Yöntem,	 2019;	
Johnson	et	al.,	2020),	business	(Flavián,	Ibáñez-Sánchez, 	&	
Orús,	 2019)	 and	 in	 education	 and	 training.	 In	 the	 latter	
case	it	has	been	used	for	such	purposes	as	simulation	and	
exploratory	learning	 (Logishetty,	Rudran,	&	Cobb,	2019).		
Immersive	technologies	support	a	constructivist	modality	
of	learning, 	in	that	they	provide	a	means	to	allow	students	
to	 explore	 and	 interact	 with	 the	 environment	 and	
construct	 knowledge	from	 their	experiences	 (Hedberg	&	
Alexander,	1994).		

In	health	education,	VR	has	been	used	for	the	simulation	
of	 practical	 experiences	 in	 a	 safe	 and	 controlled	
environment	(Lewis	et	al.,	2011;	Smith	&	Hamilton, 	2015).	
It	 has	 also	 been	 used	 to	 introduce	 spaces	 to	 students	
where	 access	 would	 be	 otherwise	 restricted	 (Davies,	
Crohn,	&	Treadgold, 	2019).		A	variety	of	applications	have	
also	 been	developed	with	relevance	 to	the	 education	 of	
health	professionals.	These	include	applications	designed	
to	 facilitate	 the	 visualisation	 of	 fundamental	 science	
concepts	 (Sharecare,	 2017)	 and	 those	 communicating	
first-order	 experiences	 such	 as	 patient	 experiences	 of	
conditions	 such	 as	 neurodegeneration	 or	 sensory	
impairment	 (Galactig,	 2019).	 Studies	 in	 pharmacy	
education	have	shown	that	VR	technology	can	be	used	to	
facilitate	 team-based	 pedagogic	 approaches	 between	
students	working	remotely	(Coyne	et	al.,	2018).		

Figure	B:	An	M.Pharm.	 student	 (University	of	 Reading,	
UK)	using	a	head	mounted	VR	display	(HTC	Vive)

Barriers	to	adopting	virtual	reality	technology	
There	are	a	number	of	potential	barriers	for	the	adoption	
of	 VR	 technologies	 in	 the	 classroom.	These	 include	 cost				
of	 hardware,	 instructor	 confidence	 in	 working	with	 new							
or	 unfamiliar	 technology,	 and	 health	 and	 safety	
considerations.	

VR	 technology	varies	 greatly	 in	 terms	 of	 cost. 	Low-cost	
stand-alone	 VR	 setups	 such	 as	 Google	 Cardboard	 take	
advantage	of	a	user’s	mobile	phone,	which	is	then	placed	
into	a	cardboard	enclosure	fitted	with	lenses.	Devices	such	
as	 these	 can	 be	 used	 for	 viewing	 videos	 and	 other	
(typically)	non-interactive	content	(Brown	&	Green, 	2016).	
At	an	intermediate	cost	level,	stand-alone	devices	such	as	
the	 Oculus	 Go	 offer	 both	 ‘limited	 interactivity	 (in	
comparison	 to	 high-end, 	high-cost	devices)	 and	 a	higher	
quality	experience	than	using	a	mobile	phone.	Both	 low	
and	 intermediate-level	 devices	 typically	 offer	 3DOF	
(degrees	 of	 freedom)	 tracking;	 meaning	 that	 they	 can	
track	a	user	 rotating	their	view	in	an	x,	y	and	z	direction.	
The	design	of	such	headsets	ensures	that	the	experience	is	
significantly	more	 immersive	 than	 low-cost	VR	 solutions.	
Current	highest-end	 consumer	 VR	solutions	(such	 as	the	
HTC	 Vive	 Pro,	 Oculus	 Rift	 and	 Oculus	 Quest,	 amongst	
others)	offer	6DOF	tracking,	which	means	a	user	can	move	
freely	within	 a	 virtual	 space	and	 is	not	 limited	 to	 simply	
rotating	 their	 head	within	 a	fixed	 viewpoint.	Higher-end	
VR	 systems	 with	 enhanced	 levels	 of	 functionality	 rarely	
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function	 as	 stand-alone	devices,	often	requiring	external	
computer	hardware	 to	drive	the	VR	environment	 (which	
introduces	 additional	 cost	 implications).	 This	 has	 the	
potential	 to	 present	 problems	 for	 institutions	 and	
departments	in	 terms	of	the	financial	outlay	required	 to	
implement	 such	methods	on	a	class	scale.	Recent	studies	
have,	 however,	 shown	 that	 stand-alone	 VR	 systems	
provide	acceptable	 levels	 of	 immersion	when	 compared	
to	 more	 interactive	 VR	 platforms	 (Amin	 et	 al.,	 2016;	
Papachristos,	 Vrellis,	 &	Mikropoulos, 	2017).	 In	 addition,	
cost	 implications	 for	 the	 user	 cannot	 be	 overlooked	 if	
students	are	required	to	download	content	onto	personal	
devices	such	as	smartphones	(Davies	et	al.,	2019).		

The	reticence	of	instructors	to	adopt	emergent	technology	
has	 been	 cited	 as	 a	 barrier	 to	 the	 use	 of	 VR	 in	 an	
educational	 setting	 (Alfalah,	 2018).	 Similar	 reticence	
amongst	 instructors	 has	been	 noted	 for	 other	 types	 of	
technology	and	 also	 for	 other	 active	 learning	techniques	
(Shadle,	Marker,	&	Earl,	 2017).	 Requiring	 that	 students	
use	 their	 own	 devices	 has	 been	 shown	 to	 present	
additional	 problems	 for	 the	 instructor,	 relating	 to	 the	
input	of	support	needed	to	manage	differences	in	levels	of	
digital	 fluency	within	 the	 student	 cohort	 (Davies	 et	 al.,	
2019).	

There	are	health	 and	 safety	considerations	cited	 around	
the	use	of	VR	 technology.	Manufacturers	of	hardware	do	
not	 recommend	 persons	with	 certain	pre-existing	health	
conditions	work	with	VR.	These	can	include	persons	with	
heart	conditions,	psychiatric	disorders	or	binocular	 vision	
abnormalities	(Oculus,	2019).	Motion	sickness	and	nausea	
(often	termed	‘cyber	sickness’)	have	also	been	associated	
with	 immersive	 environments	 (Sharples	 et	 al.,	 2008;	
Rebenitsch	 &	 Owen,	 2016).	 This	 has	 the	 potential	 to	
exclude	some	learners	from	the	learning	environment.				

Description	of	innovation
Within	 the	 School	 of	 Pharmacy	 at	 the	 University	 of	
Reading	 (UK), 	 molecular	 structure	 and	 shape	 are	 key	
chemical	concepts	which	are	taught	as	part	of	the	1st	year	
M.Pharm.	curriculum.	An	understanding	of	the	3D	shape	
and	 structure	of	 molecules	 provides	 the	 foundation	 for	
later	 elements	 of	 the	curriculum,	including	the	 study	of	
drug	 synthesis,	 drug-receptor	 interactions,	 and	 the	
physico-chemical	 properties	 of	 therapeutics.	 These	
concepts	 are	 taught	 primarily	 using	 lectures	 with	
additional	 supporting	 material	 presented	 through	 the	
virtual	learning	environment	(VLE)	and	are	supported	by	a	
one-hour	 workshop	 session.	 Topic-specific	 workshop	
sessions	 are	part	 of	 the	core	 instructional	methodology	
employed	 in	 the	M.Pharm.	 course	 to	 reinforce	 lecture	

material. 	Students	are	divided	into	groups	of	approximately	
25	and	the	session	is	repeated	to	accommodate	the	whole	
cohort. 	 In	 a	 typical	 workshop	 session,	 students	 are	
provided	 with	 a	 worksheet	 detailing	 approximately	 six	
questions	 in	 an	 exam	 style	 format	 which	 they	 work	
through	 in	the	 classroom.	They	are	permitted	 to	discuss	
questions	amongst	themselves	and	to	access	and	use	their	
notes	 or	 any	technology	 to	 assist	 them.	 They	may	also	
direct	 questions	or	 ask	 for	 assistance	 from	 one	 or	 two	
circulating	instructors	during	the	session	who	can	provide	
individual	 guidance.	 These	 workshop	 sessions	 allow	
students	 to	 practice	 examples	 linked	 to	 the	 lecture	
material	 in	a	supported	fashion.	 	Once	the	whole	cohort	
has	completed	 the	session,	model	 answers	are	 released	
through	the	VLE.

An	integrated	workshop	was	developed	 in	order	to	assist	
students	 in	 visualising	 molecular	 structures. 	 This	
workshop	 involved	 combining	 class	 worksheets	 and	
supporting	material	delivered	 via	the	VLE	with	 the	three	
dimensional	 structures	 described	 in	 the	 exercises	
presented	 in	 stand-alone	 virtual	 reality	 headsets.	
Supporting	material,	including	model	 answers	and	 short	
video	 clips	 covering	 each	 question	 were	 also	 released	
after	 the	 session.	 It	 was	 envisaged	 that	 the	 use	 of	
technology	 in	 a	 blended	 fashion	 would	 enhance	
engagement	with	the	learning	material	and	accommodate	
user	preferences	for	different	pedagogic	approaches.					

Development	of	teaching	materials	
The	overall	 format	 of	 the	workshop	 remained	 unaltered	
for	 this	 session.	The	 sessions	 were	 delivered	 in	 normal	
classrooms	with	no	changes	made	to	room	layout	or	class	
size	(around	25	students). 		Six	 iterations	of	this	workshop	
were	run	over	 three	days	(165	students	in	total). 	In	each	
session,	 students	 were	 provided	 with	 a	 worksheet	
containing	 six	 examination-style	 questions	 covering	
molecular	 shape	 and	 structure,	 supporting	 material	
delivered	 via	 the	 VLE	 and	 access	 to	 stand-alone	 VR	
headsets	 preloaded	 with	 molecular	 structures. 	 As	 with	
other	M.Pharm.	workshops,	 students	were	permitted	 to	
discuss	 the	 questions,	 ask	 for	 assistance	 from	 the	 two	
instructors	and	refer	to	their	own	notes	or	online	material.				
Headsets	used	 for	 this	 session	 were	the	Oculus	Go. 	This	
headset	is	stand-alone	and	requires	no	external	hardware.	
It	 has	 either	 32	 GB	 or	 64	 GB	 of	 storage,	meaning	 that	
users	do	not	require	an	internet	connection	to	be	able	to	
use	them	as	content	can	be	loaded	directly 	into	the	head	
mounted	 display.	 This	 type	 of	 headset	 allows	 users	 to	
view	 content	 freely	 but	 does	 not	 allow	 them	 to	 move	
around	the	virtual	environment.
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Three	 molecular	 structures	 produced	 using	 ChemDraw	
Professional	 16	 (PerkinElmer	 Informatics)	 for	 the	
worksheet	 were	 imported	 into	 Chem3D	 (PerkinElmer	
Informatics).	 From	 here,	 they	 were	 saved	 as	 protein	
databank	 files	 (.pdb	 format)	 	 and	 imported	 into	 UCSF	
ChimeraX	 (Goddard	 et	 al.,	 2018).	 A	 script	 was	 written,	
using	 the	 instructions	 on	 the	 UCSF	 ChimeraX	 website	
(UCSF	 ChimeraX,	 2020)	 and	 the	 resulting	 images	 were	
compiled	into	a	3D	video	file.	This	file	was	then	imported	
into	 Adobe	 Premier	 Pro	 (Adobe	 Inc.)	 where	 the	 2D	
elements	 and	 visual	and	audio	 annotations	were	added.	
This	file	was	then	exported	into	a	format	suitable	for	the	
Oculus	Go	headsets	and	uploaded	directly	to	the	headsets	
to	enable	them	to	be	viewed	locally. 	An	example	is	shown	
in	Figure	C.			

Figure	C:	A	screenshot	of	one	of	the	animations	showing	
the	assignment	of	chirality	for	a	molecule	of	adrenaline.	
The	molecule	is	presented	in	both	2D	(left)	and	3D	(right)	
so	both	views	can	be	seen	simultaneously	by	the	viewer.

A	 total	 of	 21	 Oculus	 Go	 headsets	 were	 used	 for	 the	
session	 which	 was	 carried	 out	 in	 a	 small	 class	 teaching	
space	with	no	adaptations	made	 to	room	layout	 (Figure	
D).	At	the	start	of	the	workshop,	students	were	provided	
with	 the	 worksheet	 and	 instructed	 to	 follow	 normal	
workshop	 protocols.	 At	 the	 halfway	 point,	 a	 brief	
introduction	 to	 using	 the	Oculus	Go	 headsets	was	given	
which	covered	basic	operating	instructions	and	health	and	
safety	considerations.	Students	were	informed	they	could	
use	the	headsets	if	they	wished	to	explore	the	structures	
of	the	molecules	which	 formed	 the	basis	of	 three	of	the	
six	 workshop	 questions.	 The	 aim	 of	 structuring	 the	
workshop	 in	 this	 fashion	 was	 to	 use	 VR	 technology	 to	
support	 the	 teaching	 of	 3D	 structure	 in	 a	 standard	
workshop	session	(rather	than	the	students	regarding	the	
session	as	a	computing	workshop).

Figure	 4:	 Room	 setup	 showing	 Oculus	 Go	 headsets	
enabling	 the	 viewing	 of	 molecular	 structures	 in	 the	
session	

Evaluation
As	part	 of	 the	 session	 evaluation,	students	 (n=74)	 from	
the	final	three	iterations	of	this	workshop	were	invited	to	
provide	 informal	 feedback	 and	 suggestions	 for	
improvements	at	the	end	of	 the	workshop	session.	They	
provided	 open	 response	 comments	 in	 an	 anonymous	
manner	 and	 on	 a	 voluntary	 basis.	A	 ‘ballot-box’	 system	
was	used	to	collect	 comments.	Comments	from	all	three	
sessions	 were	 combined.	 A	 total	 of	 151	 individual	
comments	were	 recorded	 from	 74	students	 (a	result	 of	
students	submitting	multiple	comments	and	suggestions).	
Responses	were	 grouped	 as	positive,	negative, 	providing	
suggestions	 or	 unrelated	 to	 the	 workshop.	 Themes	
relating	 to	 the	 structure	 of	 the	 session,	 the	 feel	 and	
atmosphere	 of	 the	 session	 and	 suggestions	 for	
improvement	were	identified.	

Of	the	151	responses	received	from	74	students,	108	were	
related	 to	the	 session,	35	comments	 suggested	possible	
improvements	 to	 future	sessions,	whereas	 eight	 did	not	
relate	to	 the	session.	In	 the	latter	case,	these	 comments	
were	 predominantly	 related	 to	 wishing	 to	 use	 the	 VR	
headsets	 in	 a	recreational	 setting.	Of	 the	108	 comments	
related	to	 the	session,	104	 comments	were	positive	and	
four	were	negative.		

Comments	relating	to	the	structure	of	the	session
Of	 the	 104	 positive	 comments	 received,	 43	 comments	
explicitly 	 referenced	 the	 VR	 element	 of	 the	 session,	
whereas	61	comments	were	linked	to	the	structure	of	the	
workshop	 as	a	whole.	Comments	regarding	the	structure	
of	 the	 workshop	 included	 those	 relating	 to	 the	 session	
being	useful	to	reinforce	concepts	in	the	lectures	and,	the	
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act	of	practicing	questions	within	a	supported	environment	
assisting	 with	 examination	 preparation.	 Many	 of	 the	
comments	 also	 explicitly	 referenced	 that	 students	 had	
found	the	VR	content	useful	in	helping	them	visualise	and	
understand	molecular	 structure,	for	 example,	describing	
that	‘the	3-D	view	of	the	molecule	helps	to	really 	visualise	
the	molecules’,	that	 ‘VR	 help	 [sic]	 to	understand	 the	3D	
nature	of	molecules’	and	‘really	like	the	VR	headset,	really	
helpful	to	visualise	the	molecule’.			

Four	 negative	 comments	 (from	 four	 different	 students)	
were	 received	 which	 related	 to	 the	 VR	 technology	
employed	 in	 the	 session.	Of	 these	 negative	 comments,	
one	was	related	to	accessibility	considerations	precluding	
the	 use	 of	 head	 mounted	 displays.	 Two	 students	
commented	 that	 they	 did	 not	 find	 the	 VR	 technology	
useful,	whereas	one	stated	it	was	not	enjoyable.		

Comments	 relating	 to	 the	 feel	 and	 atmosphere	 of	 the	
session	
Of	 108	 comments	 received	 which	 were	 focused	 on	 the	
session,	 49	 directly	 referenced	 the	 positive	 feel	 and	
atmosphere	 of	 the	 session.	 These	 included	 comments	
referencing	the	VR	experience	specifically	and	the	overall	
feel	of	the	workshop	such	as	‘made	the	workshop	fun	and	
helped	 us	 see	 the	molecules	 in	 3D	 which	 helped	 with	
understanding’	 and	 ‘using	 the	 headset	 was	 amazing!’.	
Numerous	 student	 comments	were	 received	 relating	 to	
the	 class	 structure	 ensuring	 students	 could	 access	
individual	 help.	Comments	 regarding	the	 atmosphere	 of	
the	 class	 being	 relaxed	 were	 also	 noted,	 for	 example	
students	 commented	 that	 ‘the	 relaxed	 atmosphere	was	
also	nice’	and	‘I	loved	the	VR	set	and	the	relaxed	nature	of	
the	workshop’.			

Comments	relating	 to	 suggestions	 for	improvements	 to	
the	session
35	comments	were	received	suggesting	improvements	to	
the	 session.	From	 these,	23	suggestions	were	 related	 to	
logistical	 issues	common	 to	 standard	workshop	 sessions	
within	 the	MPharm	 course.	These	 included	 requests	 to	
increase	 the	 number	 of	 questions	 on	 the	 worksheet,	
include	multiple	choice	questions	and	provide	the	model	
answers	in	the	session.		

Twelve	 comments	 were	 received	 which	 suggested	
technical	 improvements	to	 the	VR	 content	 and	 delivery.		
These	 included	 comments	 on	 audio	 quality	 such	 as	 ‘I	
couldn’t	 hear	 the	 audio	 too	 well	 at	 times,	 even	 at	 full	
volume’	and	the	need	for	easier	set-up.

Future	plans	and	recommendations	
In	 this	 programme	 description,	 the	 authors	 have	
described	 the	 design, 	 deployment	 and	 evaluation	 of	 a	
blended	 workshop	 to	 support	 pharmacy	 undergraduate	
students	 to	 engage	 with	 concepts	 relating	 to	 the	 3D	
structure	of	molecules.	The	workshop	 combined	the	use	
of	 traditional	 methods	of	delivering	 these	 sessions	with	
molecular	 structures	 presented	 to	 the	 students	 using	
stand-alone	virtual	reality	headsets.				

Students	feedback	from	the	session	highlighted	 that	 the	
majority	of	 students	found	 the	combination	 of	methods	
an	effective	approach	to	supporting	their	 learning.	It	was	
also	noted	 that	comments	were	received	relating	to	how	
headset	 use	supported	 learning	 by	allowing	students	 to	
focus.	Similarly,	the	use	of	virtual	worlds	as	a	teaching	tool	
has	 been	 shown	 to	 reduce	 distraction	 and	 providing	 a	
space	 where	 students	 can	 concentrate	 (Winkelmann	 et	
al.,	2020).	It	can	be	suggested	that	structuring	sessions	in	
this	 manner	 allows	 students	 and	 instructors	 to	 achieve	
balance	 between	 ‘work-like’	 activities	 and	 ‘play-like’	
activities.	Participation	in	‘serious	play’ 	has	been	discussed	
extensively	 in	 the	 context	 of	 student	 engagement	 with	
particular	 reference	to	 flow	 theory,	where	 the	 ability	to	
maintain	control	over	a	task	is	seen	as	a	means	to	access	
higher	 order	 skills	 (Shernof	 et	 al.,	 2017;	Shernoff	et	 al.,	
2014).	

What	 is	 particularly	 striking	 about	 this	 session	 is	 that	
numerous	 student	 comments	were	 received	 relating	 to	
the	 positive	 atmosphere	 of	 the	 class.	 It	 has	 been	
suggested	 that	 students	 who	 are	 adjusting	 to	 new	
pedagogic	 environments	 (such	 as	 those	 experienced	 at	
the	 point	 of	 educational	 transitions)	 often	 struggle	 to	
adapt	 (Vermunt	 &	 Donche,	 2017).	 	 In	 the	 M.Pharm.	
course	 at	 Reading	 University,	 core	 chemical	 concepts	
(such	 as	 the	 ones	 covered	 in	 this	 session)	 are	 the	 first	
concepts	 incoming	students	 experience	at	the	 beginning	
of	their	pharmacy	course.	Allowing	learners	some	control	
over	 their	 learning	 environment	 by	 providing	 non-	
compulsory	 access	 to	 pedagogic	 strategies	 which	 are	
perceived	 as	enjoyable	may	 therefore	contribute	 to	 the	
creation	of	an	 environment	which	will	 reduce	self-doubt	
and	anxiety	resulting	from	material	perceived	as	difficult	
being	delivered	at	a	point	of	transition.	

How	 a	 blended	 approach	 can	 overcome	 some	 of	 the	
challenges	of	deploying	VR	in	the	classroom.	
As	described	in	the	introduction,	barriers	for	the	adoption	
of	 virtual	 reality	 in	 the	 classroom	 include:	 cost	 of	
hardware, 	instructor	confidence	in	working	with	new	and	
unfamiliar	technology,	and	health	and	safety	considerations.	
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In	 terms	of	cost,	stand-alone	 VR	 headsets	 were	used	 in	
this	 session.	 Stand-alone	 headsets	 are	 of	 significantly	
lower	cost	than	high	end	interactive	systems.		Headsets	of	
this	type	were	chosen	for	 classroom	deployment	as	they	
represent	a	balance	in	terms	of	functionality,	usability	and	
cost.	Sharing	of	headsets	 is	 (which	 also	 reduces	the	cost	
demand)	 facilitated	 by	 integrating	 technology	 into	 an	
existing	 workshop	 structure	 where	 the	 session	 is	
supported	 by	 (rather	 than	 reliant)	 on	 interaction	 with	
technology.	 It	 should	 be	 noted	 that	 the	 provision	of	VR	
technology	does	not	require	students	to	provide	or	bring	
their	own	technology	to	sessions,	hence	the	cost	burden	is	
not	transferred	to	the	students.

In	 these	sessions,	standalone	headsets	were	deployed	 in	
the	classroom	once	the	session	had	been	preloaded.	It	is	
noted	that	this	strategy	is	often	employed	when	using	TEL	
methods	in	a	class	setting,	with	instructors	making	use	of	
commercial	 applications	or,	in	 the	case	of	computational	
sessions,	pre-existing	software.	As	headsets	can	 support	
the	storage	of	multiple	files	they	can	be	set	up	before	the	
class	 which	 although	 requires	 some	 initial	 time	
investment,	does	 not	 differ	 in	 demand	 from	 any	other	
computational	 class	 once	 the	content	 has	 been	 created	
and	installed.	In	 this	instance,	six	 sessions	were	run	over	
the	 course	 of	 two	 days	 and	 the	 headsets	 required	
charging	at	 the	end	of	each	day.	In	these	sessions,	a	brief	
guide	 to	operating	the	 headsets	was	 delivered	 verbally.		
Following	analysis	of	student	 feedback	linked	to	potential	
improvements,	the	authors	have	produced	a	‘quick-start’	
user	 guide	 for	 the	 headsets	 to	 accompany	 the	 future	
sessions.	 It	 is	 envisaged	 that	 this	 will	 not	 only	 support	
students	in-class	but	will	also	support	other	 instructors	to	
deliver	sessions	incorporating	VR	technology.	

It	 is	 important	 to	 note	 that	 the	 optional	 use	 of	 VR	
technology	 ensures	 that	 users	 are	 not	 reliant	 on	 the	
technology	 to	 deliver	 an	 output,	 hence	 there	 is	 less	
pressure	 on	 the	 instructor.	 Students	 were	 largely	
enthusiastic	about	the	use	of	VR	headsets,	so	were	willing	
to	experiment	with	and	explore	the	technology	(and	guide	
others)	rather	than	immediately	request	assistance.	

In	this	instance	stand-alone	VR	headsets	with	seated	users	
were	 used	 in	 a	normal	 classroom	 environment	 without	
any	 alterations	 necessary	 to	 the	 room	 layout.	 As	 the	
technology	is	 portable	 and	 can	 be	 charged	 prior	 to	 the	
session,	it	can	be	moved	between	rooms	with	minimal	set	
up	 and	 does	 not	 require	 access	 to	 power	 outlets	 in	
session.	It	is	noted	that	this	may	be	beneficial	in	terms	of	
timetabling,	 as	 using	 such	 technology	 does	 not	 require	
access	 to	 specialist	 computer	 laboratories	 as	 a	
computational	 practical	 would	 -	 thus	 increasing	 the	

number	of	potential	 spaces	which	would	be	 suitable	 for	
this	type	of	activity.		

Health	and	safety	issues	regarding	the	potential	for	 trips	
and	falls	were	not	a	consideration	for	this	session	as	users	
remained	 seated	whilst	 using	the	 headsets.	 It	 should	 be	
noted	 that	even	 VR	 with	more	 interactive	elements	can	
often	be	used	when	seated	which	reduces	the	risk	of	falls.		
It	 is	 however	 still	 prudent	 to	 ensure	 adequate	 space	
between	 seated	 users	 to	 accommodate	 sudden	 move-	
ments.	 In	 this	 session,	 headsets	 were	 shared	 between	
students	 so	 students	not	 engaging	with	 the	 technology	
could	also	observe	those	interacting	with	the	technology.	
Technology	manufacturers	also	provide	health	and	safety	
guidance	 which	 for	 most	 currently	 available	 headsets,	
including	those	 used	 in	 this	 session)	 is	 available	 online.		
Students	(and	 staff	 delivering	 the	session)	 can	 therefore	
also	be	directed	to	this.	Such	guidance	is	easily		embedded	
in	 the	 VLE	 as	 session	 pre-reading.	 In	 this	 session,	 one	
comment	was	noted	regarding	accessibility	considerations	
preventing	the	use	of	the	 headsets. 	In	 order	 to	 address	
this,	 the	 VR	 content	 was	 provided	 as	 an	 alternative	
learning	experience	through	the	VLE,	which	also	enabled	
all	students	to	access	the	content	outside	of	 the	session.	
We	 have	 also	 adapted	 the	 session	 introduction	 to	
reinforce	that	the	headset	use	is	optional.						

It	 was	 also	 noted	 that	 in	 this	 session	 that	 suggesting	
students	removed	the	straps	from	the	headsets		allowing	
the	 user	 to	 hold	 the	device	up	 (akin	 to	 using	a	 pair	 of	
binoculars)	 allows	the	 user	 to	 be	 fully	 in	 control	 of	 the	
experience.	Showing	 students	 that	 they	 could	 hold	 the	
devices	 was	 also	 important	 to	 allow	 students	 wearing	
head	 coverings	 or	 having	 hair	 styles	 which	 would	 be	
affected	 by	 headset	 straps	 to	 engage	 with	 the	 device	
without	 feeling	uncomfortable.	Based	 on	 feedback	from	
the	 session,	 the	 authors	 consider	 that	 students	 largely	
found	 the	 sessions	 enjoyable	 and	 were	 motivated	 to	
engage	 with	 a	 usually	 challenging	 topic.	 As	 such	 they	
demonstrate	that	VR	technologies	can	be	deployed	in	this	
context	 to	 enhance	 a	 blended	 learning	 experience	 and	
support	 students	 to	 engage	 with	 learning	material.	 By	
combining	different	delivery	methods	(rather	 than	make	
the	 technology	the	 focus	 of	 the	session)	 students	 could	
determine	their	own	level	of	engagement	with	the	virtual	
environment.	

• Choose	 delivery	 systems	which	 minimise	 strain	 on	
the	instructor	and	the	user

• Choose	 delivery	 systems	which	minimise	 the	 need	
for	changes	to	the	physical	learning	environment	
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