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Abstract
The	 COVID-19	pandemic	has	required	 identification	of	 pharmaceutical	 learning	 content	
and	teaching	methods	which	can	support	attainment	of	learning	outcomes	through	online	
delivery.	In	silico,	or	computer	based,	process	simulations	are	 ideal	tools	for	incorporation	
into	online	programme	 elements,	however	 the	scaffolding	 of	learning	with	in	silico	tools	
requires	a	structured	approach.	A	previously	developed	face-to-face	workshop,	which	used	
in	vitro	and	in	silico	dissolution	testing,	was	pivoted	to	an	online	 learning	element	using	an	
in-house	dissolution	simulation	programme.	The	learning	element	was	developed	through	
trial	and	evaluation	of	experiences	of	novice,	competent	and	expert	user(s).	The	delivery	of	
the	learning	element	was	planned	to	address	three	stages	of	simulation	learning	according	
to	the	Belton	model,	with	accompanying	tools	developed	to	aid	scaffolding	and	assessment	
of	competency	 milestones.	 The	 proposed	 delivery	 and	assessment	 is	 suitable	 for	 both	
synchronous	 and	 asynchronous	 learning,	 and	 is	 suitable	 for	 incorporation	 into	 an	
Advanced	Pharmaceutics	module.

COVID-19	SPECIAL	COLLECTION

Introduction
The	COVID-19	 pandemic	has	 affected	 delivery	of	 higher	
education	 globally, 	 from	 early	 2020.	 Many	 universities	
pivoted	 their	teaching	to	online	delivery	(Crawford	et	al.,	
2020).	 In	 the	 field	 of	 pharmacy	education,	as	 in	others,	
this	 required	 identification	 of	 material	 which	 could	 be	
more	 easily	 adapted	 to	 online	 delivery, 	 through	 to	
identification	 of	material	which	 should	 be	prioritised	 for	
in-person	teaching	where	possible	(e.g.	certain	laboratory	
and	 clinical	 skills	 assessments).	 An	 in	 silico	 process	

simulation	tool,	tailored	specifically	to	teach	pharmaceutically	
relevant	content, 	could	be	an	ideal	candidate	to	aid	online	
teaching.	Notwithstanding	that, 	every	pivot	to	fully	online	
delivery	 of	 teaching	 content	 brings	 its	 own	 challenges	
(Crawford	et	al.,	2020;	Ma	et	al.,	2020).	Furthermore,	in	
the	 ongoing	context	 of	 students	 undertaking	mostly-	or	
fully-online	 programmes, 	 there	 is	 the	 challenge	 of	
maintaining	student	engagement	while	learning	remotely	
and	likely	in	relative	isolation	(Nordmann	et	al.,	2020).
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Dissolution	 testing	 is	 used	 in	 pharmaceutical	 drug	
development	 to	 characterise	 active	 pharmaceutical	
ingredients	 (API),	 for	 formulation	 development	 and	 in	
quality	control	testing	(Abend	et	al., 	2018).	In	recent	years	
there	has	been	a	focus	on	the	use	of	dissolution	testing	to	
establish	 a	safe	 design	 space,	where	 acceptance	 criteria	
for	 dissolution/drug	 release	 are	 informed	 by	 in	 vivo	
performance	 (Abend	 et	 al.,	 2018).	 Clinically	 relevant	
dissolution	testing	refers	to	dissolution	testing	conditions	
and	 acceptance	 criteria	 that	 can	 identify	 and	 reject	
product	 batches	 not	 expected	 to	 be	bioequivalent	 with	
pivotal	 clinical	 batches	(Abend	et	al., 	2018).	 	In	order	 for	
the	 pharmaceutical	 students	 to	 reach	 the	 stage	 of	
understanding	 and	 being	 able	 to	 apply	 the	 concept	 of	
clinically	relevant	dissolution	testing,	they	must	first	attain	
and	synthesise	knowledge	about	formulation	design,	drug	
dissolution/release	 testing,	 absorption	 processes	 and	
relevant	 physiology	 (e.g. 	 gastrointestinal	 tract	 for	 oral	
delivery),	 pharmacokinetic	 processes	 and	 modelling	
approaches	to	produce	absorption	profiles	and	 statistical	
and	quality	aspects	 relevant	 to	 the	concept	 of	 a	 design	
space.	It	is	implicit,	therefore, 	that	learning	about	clinically	
relevant	 dissolution	 applied	 to	 formulation	 design	 is	 an	
advanced	pharmaceutics	topic.	

There	are	many	subjects	within	 pharmaceutical	 sciences	
education	 which	 could	 be	 well	 represented	 through	 in	
silico	 simulations;	 various	 in	 silico	 approaches	 and	
packages	 are	 employed	 in	 pharmacokinetics	 and	
pharmacodynamics	 teaching	 for	 example	 (Brocks, 	2015;	
Gabrielsson	et	al.,	2014;	Hara	et	 al.,	2020),	and	 similarly	
there	 are	reports	of	 in	 silico	 methods	used	 in	medicinal	
chemistry	applications	(Hall,	2018;	Rodrigues	et	al.,	2015).	
In	 silico	 process	 simulations	 can	 represent	 mechanistic	
processes	 used	 in	 engineering	 applications	 relevant	 to	
pharmaceutical	 technology	 in	 particular,	 such	 as	 fluid	
flows,	 drying,	 mixing	 and	 dissolution.	 As	 simulations	
relevant	 to	 pharmaceutical	 processing	 will	 often	 be	
dynamic	 simulations,	 it	 can	 be	 helpful	 to	 consider	 the	
definition	 presented	 by	 Rakic	 and	 colleagues	 where	 a	
model	 represents	 the	 system	 itself,	 while	 a	 simulation	
represents	the	functioning	of	the	system	over	time	(Rakić,	
Rosić,	&	Boljat,	2020).

In	 silico	 modelling	and	 simulation	 tools	 are	 increasingly	
used	 in	 pharmaceutical	 drug	 development, 	 with	
significant	collaborative	research	ongoing	to	optimise	the	
application	 of	 in	 silico	 tools	 in	 biopharmaceutical	
applications	(Ahmad	et	al.,	2020).	Therefore,	students	of	
pharmacy	and	pharmaceutical	sciences	should	be	familiar	
with	types	of	modelling	approaches	(e.g.	empirical	versus	
mechanistic),	regulatory	views	on	levels	of	risk	associated	
with	 model	 applications	 (ICH	 Quality	 Working	 Group,	

2012),	and	common	types	of	modelling	software	that	are	
available	 (e.g.	 statistical	 packages	 and	 physiologically	
based	 biopharmaceutics	 and	 pharmacokinetics	 (PBBP/	
PBPK)	modelling	software	platforms).	

Whilst	it	would	be	unusual	for	pharmacy/pharmaceutical	
sciences	 students	 to	 be	 taught	 simulation	 techniques,	
such	 as	 how	 to	 assimilate	 the	 relevant	 equations	 and	
write	 the	code	for	 process	simulation,	it	 is	essential	 that	
there	 is	a	 clear	 focus	on	 what	 any	 in	 silico	model	 does.	
Students	 should	 have	 an	 understanding	 of	 the	
underpinning	 equations	 being	 simulated;	 what	
assumptions	 are	 in	 the	model	 applications;	 what	 is	 not	
included	 in	 the	 simulation	 and	 what	 might	 result	 in	
erroneous	output.	In	summary,	efforts	should	be	made	to	
minimise	 the	 ‘black	 box’	 effect	 in	 using	 process	
simulations	 in	 education	 (Roman,	 Delgado,	 &	 García-
Morales,	2020).		Care	should	be	taken	with	reduced-order	
models	 (ROM),	 which	 aim	 to	 approximate	 physical	
phenomena	 from	 their	 complete	 three-dimensional	
behaviour	into	one-	or	zero-dimensional	elements.	ROMs	
can	 provide	powerful	 tools	 for	 rapid	 assessment	 of	 the	
transient	behaviour	 of	complex	systems,	however	only	if	
used	with	expertise	(Chen	et	al.,	2020).	

To	that	 end,	we	have	developed	the	in-house	dissolution	
simulation	programme,	Simdisso, 	as	a	collaborative	effort	
between	 staff	 from	 the	 pharmacy	 and	 engineering	
diciplines.	The	mass	transfer	 simulation	 is	 based	 on	 the	
Ranz-Marshall	 correlation	 which	 relates	 mass	 transfer,	
fluid	 velocity,	density	and	viscosity, 	particle	size,	velocity	
and	drug	diffusivity.	Particle	velocity	requires	an	additional	
particle	 motion	 simulation,	 and	 other	 inputs	 reflecting	
choice	of	dissolution	apparatus,	medium	volume	and	drug	
solubility	 are	 used	 to	 generate	 dissolution	 simulations	
(D'Arcy	&	Persoons,	2019).	The	method	has	been	detailed	
in	 the	 literature	 and	 its	 performance	 in	 simulating	
dissolution	of	 non-agglomerating	particulate	systems	has	
been	 presented	 elsewhere	 (D'Arcy	 &	 Persoons,	 2011;	
Serrano	 et	 al., 	 2016;	 D'Arcy	 &	 Persoons,	 2019).The	
simulation	 programme	 runs	 on	 the	 Matlab	 platform	
(www.mathworks.com),	and	in	current	versions	users	can	
view	the	code	and	comments. 	This	allows	users,	without	
engaging	 in	 the	programming	of	 the	code,	 exposure	 to	
code	syntax	and	presentation	of	relevant	equations	in	the	
code,	 and	 to	 anticipate	 how	 the	 code	 can	 evolve	 with	
altering	defined	inputs	and	outputs.	The	focus	of	Simdisso	
is	 on	 flexibility,	 in	 order	 to	 replicate	multiple	aspects	 of	
processes	 involved	 in	 in	 vitro	dissolution	testing	(particle	
motion,	 apparatus, 	 medium	 etc.)	 as	 are	 considered	
relevant	 to	 any	 particular	 application.	 It	 is	 therefore,	
particularly	 useful	 to	 illustrate	 parameter	 sensitivity	 to	
dissolution	testing	variables.

http://www.mathworks.com
http://www.mathworks.com
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Simdisso	 has	 been	 used	 recently	 in	 post-graduate	
workshop	 education	 in	 the	 School	 of	 Pharmacy	 and	
Pharmaceutical	 Sciences, 	Trinity	 College	 Dublin	 (SOPPS,	
TCD), 	co-delivered	with	the	Department	of	Pharmacy	and	
Pharmacology,	 University	 of	 Bath.	 The	 workshop	 was	
designed	 for	 ten	 to	 fifteen	 students,	 and	 combined	
training	 in	 in-vitro	 dissolution	 testing,	 dissolution	
simulation	 and	 an	 introduction	 to	 the	 concepts	 of	
Physiologically	Based	Biopharmaceutics	(PBBP)	modelling.	
The	 workshop	 was	 formative	 in	 nature,	 with	 a	 strong	
focus	 on	 early-stage	 postgraduate	 research	 students	 to	
support	their	skills	development.	In	that	instance,	student	
engagement	was	 optimised	 through	 enabling	simulation	
of	 the	 dissolution	 tests	 which	 the	 students	 had	 just	
completed	 and	 comparison	 between	 real	 and	 observed	
results.	As	the	workshop	was	on	campus	the	students	had	
access	 to	 the	 simulation	 programme	 run	 on	 Matlab	
combined	 with	 face-to-face	 real	 time	 interaction	 with	
instructors, 	both	 in	 the	 in-vitro	 dissolution	 and	 in	 silico	
simulation	 exercises.	 Based	 on	 instructor	 and	 student	
feedback	 the	 workshop	 approach	 was	 successful,	
however	 the	 adaptation	 of	 this	 learning	 experience	 to	
fully	online	teaching	is	not	straightforward.

The	 aim	 of	 the	 current	 work	was	 to	 develop	 an	 online	
learning	element	using	Simdisso	to	enable	an	understand-	
ing	of	the	use	of	in	silico	tools	to	support	interpretation	of	
the	 role	 of	 dissolution	 testing	 in	 advanced	 bio-	
pharmaceutics.	The	objectives	were:	

i) to	 pivot	 a	combined	 in-person	 in	 vitro	 and	 in	 silico	
post-graduate	workshop	 plan	 to	 development	 of	 a	
fully	 online	 learning	 element, 	 being	 cognisant	 of	
challenges	of	online	teaching	and	learning	during	the	
COVID-19	pandemic,	through	trialling	and	developing	
delivery	of	the	learning	element	to	support	a	Master	
of	Science	(MSc.)	graduate	project,	

ii) to	 identify	 appropriate	 scaffolding	 and	 assessment	
approaches	 to	 ensure	 that	 meeting	 competency	
milestones	can	be	formally	evaluated,	with	a	view	to	
the	 learning	 element	 ultimately	 being	 suitable	 for	
incorporation	in	an	Advanced	Pharmaceutics	module	
on	 the	 integrated	 Pharmacy	programme	in	 SOPPS,	
TCD.

Methods
This	study	was	deemed	exempt	from	the	requirement	for	
ethical	review.

The	learning	element	was	developed	and	trialled	using	an	
MSc.	 student	 (novice	 user), 	 Ph.D.	 student	 (competent	

user)	 and	 academic	 staff	 (expert	 user)	 experiences	 to	
ensure	 technological	 suitability	 of	 the	 approach	 to	
delivery.	The	experience,	evaluation	and	feedback	of	the	
single-novice-user	 trial	with	competent	and	 expert	users	
as	 educators	 was	 used	 to	 inform	 the	 design	 and	
development	of	the	presented	online	learning	element.	

Remote	learning	technology
Meetings	were	arranged	between	the	novice,	competent	
and	expert	users,	to	build	a	personal	rapport	and	establish	
familiarity	 with	 using	 online	 communication	 tools.	
Microsoft	 Teams	was	used	 for	video	calls,	screencasting/	
screensharing	 and	 as	 a	 repository	 to	 store	 relevant	
documentation.	

The	proposed	delivery	methods	were	selected	 based	 on	
the	 facilities	 available	 in	 the	institutional	 virtual	 learning	
environment	 (VLE),	 which	 is	 currently	 Blackboard	 Learn	
(www.blackboard.com),	other	VLEs	have	a	similar	range	of	
tools.	In	addition	to	supporting	a	document	repository	for	
the	teaching	element,	the	following	VLE	capabilities	were	
considered	for	use	at	 the	different	stages	of	 the	 learning	
element:	Synchronous	video	interactions	and	screencasting	
through	Blackboard	collaborate,	including	one-to-one	and	
group	 elements;	 recorded	 instructor	 presentations	 or	
screencasts	through	Panopto	 in	Blackboard;	possibility	of	
students	 uploading	 presentations	 or	 screenshots	 to	
instructor;	moderated	discussion	boards.

Flexibility	in	delivery
The	 design	 of	 the	 pivot	 to	 online	 and	 remote	 learning	
focussed	on	ensuring	that	the	learning	could	be	met	with	
minimal	 resources	 and	 possibly	 unreliable	 internet	
connectivity.	 For	 each	 stage	 in	 the	 learning	 process,	
alternative	methods	for	 flexibility	in	 online	delivery	were	
identified	to	 support	difficulty	in	accessing	resources	and	
lack	of	real	time	interactions.

Adaptation	of	workshop	to	fully	online	learning	element
Context:	Whereas	the	face	to	face	postgraduate	workshop	
described	was	a	valuable	 template	on	which	 to	 develop	
the	 learning	 element,	 it	 was	 necessary	 to	 devise	 an	
approach	to	support	student	engagement	in	the	absence	
of	 the	 contemporaneous	 in	 vitro	 dissolution	 testing	
experience,	 and	 in	 the	 absence	 of	 face-to-face, 	 and	
possibly	real	time,	instructor	interaction.

In	 order	 to	 support	 student	 engagement, 	 pre-existing	
medications	 under	 investigation	 in	 clinical	 trials	 for	 the	
treatment	 of	 COVID-19	 were	 used	 as	 a	 hook	 in	 the	

http://www.blackboard.com
http://www.blackboard.com
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simulated	 cases.	 The	 simulated	 learning	 element	 was	
designed	 to	 illustrate	 how	 dissolution	 testing	 could	 be	
used	to	identify	boundaries	for	critical	process	parameters	
(CPPs)	during	manufacturing,	to	ensure	that	manufactured	
product	fell	within	a	safe	design	space.	Therefore	the	first	
part	of	the	exercise	involved	setting	specific	objectives	and	
providing	 background	 learning	 content	 to	 contextualise	
the	 learning	 aims.	 An	 online	 presentation	 and	 written	
instruction	were	used	to	 replace	the	 in-person	workshop	
introduction	 in	 the	 face	 to	 face	 lab.	 Screencasting	was	
used	in	 the	original	 in-person	computer	 lab	 to	 introduce	
the	 Simdisso	 interface	 on	 Matlab,	 and	 online	 screen-	
casting	 was	 used	 for	 the	 same	 purpose	 in	 the	 online	
element.	In	the	current	trial, 	hands-on	user	experience	of	
Simdisso	 was	 replicated	 through	 the	 user	 detailing	
simulation	 inputs	 to	 the	competent	 user	 (who	 accessed	
the	 software),	 and	 the	 simulation	 being	 run	 via	
screencasting.	This	could	be	synchronous	or	asynchronous	
and	 recorded	 for	 the	 user	 to	 visualise.	 In-person	
discussion	 on	 the	 application	 of	 the	 simulation	 and	
interpretation	of	outputs	and	results	in	the	face	to	face	lab	
was	 replicated	 through	 online	 discussion	 (synchronous	
and	 asynchronous)	 and	 the	 development	 of	 a	 series	 of	
flexible	 tools	 to	 support	 clear	 scaffolding	of	 learning	 at	
different	stages	of	 the	 learning	element.	These	tools	are	
also	the	basis	of	the	proposed	assessment	methods.

There	were	three	pillars	underpinning	the	development	of	
the	 dissolution	 Simulation	 Online	 Learning	 Element	
(SOLE):

1. That	 the	 learning	 element	 incorporated	 relevant	
content	 and	 context	 including:	 methodological	
aspects	 of	 in	 vitro	 dissolution	 testing, 	 bio-	
pharmaceutical	aspects	relating	to	Quality	by	Design	
(QbD)	and	PBBP	modelling,	and	exposure	to	running	
simulations	through	the	Simdisso	interface.	

2. That	 the	learning	element	was	developed	based	on	
the	proposed	learning	model	for	process	simulation	
pedagogy	 presented	 by	 Belton	 (2016).	 This	 study	
focussed	on	the	teaching	of	process	simulation,	and	
through	thematic	analysis	of	student	evaluation	and	
feedback,	 three	 learning	 stages	 were	 identified:	 i)	
early	phase	focussed	on	introductory	and	expository	
learning;	 ii)	 late	 phase	 focussed	 on	 discovery/	
inquiry-based	 learning;	iii)	‘future’	phase	potentially	
leading	 to	 the	 development	 of	 proficiency	 or	
expertise.

3. That	 the	 learning	element	 was	 suitable	 for	 use	 in	
postgraduate	pharmaceutical	 sciences	 teaching	and	
furthermore,	 in	 particular, 	 suitable	 for	 integration	
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into	a	Year	5	Advanced	Pharmaceutics	module	in	the	
five	year	integrated	pharmacy	programme	in	SOPPS,	
TCD.	 The	 learning	 element	 in	 the	 Advanced	
Pharmaceutics	 module	 should	 dovetail	 with	
teaching	 on	 PBBP/PBPK	 modelling	 and	 clinically	
relevant	 dissolution	 testing,	 and	 more	 broadly	 to	
support	 relevant	 integration	 across	 the	 pharmacy	
programme,	and	be	suitable	for	online	delivery.		The	
relevant	 learning	 outcome	 within	 the	 Year	 5	
Advanced	Pharmaceutics	module	is:

‘Describe	 the	 concept	 and	 applications	 of	 in	 vivo	
predictive	 dissolution	 testing	 and	 in	 vivo-in	 vitro	
correlations,	 as	 well	 as	 biopharmaceutics-relevant	
modelling	and	simulation	approaches’.

It	 should	 be	 noted	 that	 the	 Advanced	 Pharmaceutics	
module	also	builds	on	 earlier	 biopharmaceutics	 learning	
in	accordance	with	the	integrated	programme	approach.

The	 consideration	 of	 the	 three	 pillars	 was	employed	 at	
each	of	the	learning	stages	as	follows:

Early	phase	learning
Context:	 Specific	 objectives	 were	 highlighted	 to	 ensure	
that	 the	 students	 would	 access	 and	 assimilate	 the	
relevant	 information	 to	 appropriately	 contextualise	 the	
simulation	programme	 learning	 element	 outlined	 in	 the	
first	pillar,	e.g.	that	use	of	dissolution	in	safe	design	space	
could	be	discussed	and	that	the	mechanistic	approach	to	
dissolution	simulation	using	Simdisso	could	be	outlined.	In	
order	 to	 consider	 patient	 and	 study	 types	 to	 which	 to	
project	 would	 be	applicable, 	pharmaceutical	 QbD	(Yu	et	
al.,	 2014)	 and	 the	 Biopharmaceutics	 Risk	 Assessment	
Roadmap	 (BioRAM)	 (Dickinson	 et	 al., 	2016;	Selen	 et	 al.,	
2014)	 were	 consulted.	 As	 the	 current	 learning	element	
focussed	 on	 using	 medications	 being	 studied	 for	
COVID-19	 treatment,	 a	 further	 objective	 was	 that	
medications	 undergoing	 trials	 for	 COVID-19	 were	
identified.	 The	 learning	 was	 contextualised	 through	
guiding	the	user	to	relevant	background	reading	websites,	
and	prior	learning	material.	

Expository	 learning:	 The	 use	 of	 the	 simulation	
programme	 for	 dissolution	 simulation	 was	 presented	
through	a	screensharing	session	between	the	expert	user	
(academic	staff)	and	the	novice	user.		An	example	of	the	
interface	 where	 parameter	 values	 are	 entered	 in	 the	
programme	 is	 presented	 in	 Figure	 A.	 Initial	 simulations	
were	conducted	in	a	similar	manner.	The	competent	and	
novice	 users	 interacted	 through	 screensharing	 and	
sharing	input	data	and	outputs.	
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Late	stage	learning
Discovery/inquiry:	 Following	 introductory	 learning	 and	
initial	 expository	 simulations,	 further	 discussion,	
hypotheses	 generation,	 novel	 simulations,	 analysis	 and	
evaluation	of	 results	took	place	 between	 the	competent	
and	 novice	 user,	 partly	 through	 screencasting	 of	 the	
simulation	 tool	 interface, 	and	 partly	 through	 the	 novel	
results	 being	 presented	 via	 Microsoft	 Teams	 and	
discussed	 initially	 between	 the	 novice	 and	 competent	
user,	and	 then	 summarised	and	presented	 to	 the	expert	
user.

‘Future’	learning

Suggestions	 for	 further	 development	 of	 the	 simulation	
methodology	to	 better	predict	certain	 scenarios	was	the	
final	part	of	the	novice	user	 learning.	Although	the	novice	
user	would	not	be	expected	to	reach	a	point	of	expertise	
following	an	introductory	programme,	the	inclusion	of	an	
element	requiring	the	student	to	suggest	both	alterations	
to	 the	 simulations	conducted	 and	 improvements	 to	 the	
model	 employed,	 reflects	 the	 potential	 for	 students	 to	
present	their	understanding	of	the	role	and	 limitations	of	
applications	of	the	simulation	tool.	

Assessment	and	Evaluation
In	 order	 to	 scaffold	 the	 development	 of	 the	 learner	
through	the	competency	milestones	associated	with	each	
stage,	critical	 points	 and	methods,	including	assessment	
tools, 	 for	 instructor	 feedback	 and	 debriefing	 were	
identified	 at	 each	 learning	 stage,	 based	 on	 novice	 user	
progress	and	feedback.	The	progression	of	the	novice	user	
through	 the	 various	 competency	 levels	 was	 considered	
preliminary	 validation	 of	 the	 delivery	 approach	 at	 this	
single-user	level.	Novice-user	evaluation	was	presented	as	
feedback	on	 methods	used	 during	 the	project,	and	was	
used	to	 inform	the	recommended	delivery	methods	and	
associated	assessment	and	scaffolding	tools.	This	process	
was	 iterative	 in	 the	novice	user	 discussing	utility	of	 the	
various	 tools	developed,	with	the	competent	 and	 expert	
users	as	the	project	progressed.

Results
Remote	learning	technology
Generation	 of	 an	 online	 repository	 was	 sufficient	 for	
sharing	 relevant	 learning	 content	 (e.g.	 lecture	 notes,	
relevant	 literature),	 along	 with	 written	 documentation	
outlining	 the	 objectives	 for	 introductory	 learning	 and	
contextualisation.	This	was	supported	with	a	synchronous	
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video	 discussion	 to	 present	 the	 tasks.	 	 Following	 the	
introductory	learning/contextualisation	of	the	process,	for	
the	 expository	 element	 in	 the	 early	 phase	 learning,	
screensharing	 or	 screencasting	 was	 successful	 in	
introducing	 the	 student	 to	 the	 simulation	 programme	
interface, 	the	simulation	options	available	therein	and	the	
Matlab	platform	on	which	it	was	run.	A	screenshot	of	the	
inputs	 stage	 of	 the	 simulation	 programme	 is	 shown	 in	
Figure	A.	As	the	code	can	 be	seen	by	the	user,	it	can	be	
highlighted	 how	 the	various	steps	and	conditions	 in	 the	
dissolution	 testing	 process	 are	 represented	 in	 the	
simulation	 code.	 With	 respect	 to	 the	 late	 phase	
discovery/inquiry-based	 learning,	 the	 competent	 and	
novice	users	 successfully	 employed	 the	 programme	 for	
advancing	simulation	options,	and	 online	video	 calls	 for	
synchronous	 discussions	 about	 presented	 results,	 and	
emails/discussion	 boards	 for	 asynchronous	 discussion.	 It	
should	 be	 noted	 that	 this	 teaching	 took	place	with	 the	
novice	and	competent	users	based	 in	a	different	country	
and	time	zone,	with	the	team	involved	in	delivery	of	the	
learning	 element	 located	 in	 four	 countries	 and	 two	
time-zones,	one	hour	 apart.	Results	 were	 presented	 to	
the	 expert	 user	 through	 brief	 reports	 and	 results	
templates.	A	synchronous	video	call	was	employed	for	the	
final	 debriefing	 discussion	 at	 the	 ‘future’	 competency	
milestone. 	The	tools	used	to	assess	user	progress	at	each	
stage	will	be	presented.

Figure	A:	Screenshot	of	inputs	section	 in	Simdisso.	Code	
and	syntax	associated	with	inputs	are	visible, 	along	with	
commenting	approach	and	Matlab	interface

Introduction	and	context	(early	phase	learning)
The	learning	was	contextualised	through	guiding	the	user	
to	 relevant	 background	 reading	 (research	 publications	
and	 regulatory	documents)	 relating	 to	 clinically	relevant	
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dissolution	 testing	 and	 the	 use	 of	 the	 simulation	
programme	 in	research	applications	 (D'Arcy	&	Persoons,	
2019).	Clinical	trials	databases	were	consulted	to	 identify	
drugs	 under	 investigation, 	with	 a	 focus	 on	 pre-existing	
medical	 products	 with	 varying	 biopharmaceutical	
properties,	i.e. 	class	I-III	and	II-IV	of	the	biopharmaceutics	
classification	 system	 (BCS)	 (Amidon	et	 al.,	1995).	As	BCS	
class	II-IV	drugs	have	low	solubility,	the	potential	 for	CPPs	
to	 affect	 the	compliance	of	dissolution	 testing	with	 safe	
space	acceptance	criteria	would	likely	be	greater	for	these	
drugs, 	providing	an	opportunity	for	 the	student	to	 apply	
biopharmaceutics	 knowledge	 to	 interpretation	 of	
simulated	results.	To	provide	a	framework	to	systematically	
consider	 how	the	simulation	approach	 could	be	 used	 at	
different	points	of	product	development	and	for	different	
patient	 types,	 resources	 on	 pharmaceutical	 QbD	 and	
BioRAM	 (QbD-BioRAM),	 were	 consulted.	 This	 also	
supports	 integration	within	 the	Advanced	 Pharmaceutics	
module	and	the	 Integrated	Pharmacy	Programme	(Selen	
et	al.,	2014;	Yu	et	al.,	2014;	Dickinson	et	al.,	2016;	Ryan	et	
al.,	 2019).	 The	 drugs	 selected	 for	 use	 were	 hydroxy-	
chloroquine	sulfate	(BCS	class	III)	and	Lopinavir	 (BCS	class	
IV), 	 which	 were	 being	 investigated	 for	 use	 in	 treating	
COVID-19	 in	 the	 World	 Health	 Organisation	 (WHO)	
Solidarity	 trial	 at	 the	 time	 the	 current	 work	 was	
undertaken	 (WHO,	2020).	However, 	the	 same	approach	
could	be	used	for	other	drugs	with	varying	BCS	classes,	in	
particular	 high	 versus	 low	 solubility	 to	 emphasise	
dissolution-dependent	effects.	

Alignment	with	 the	process	simulation	pedagogy	model	
(Belton,	2016)

Expository	learning
Initial	 simulations	 of	 dissolution	 of	 selected	 APIs	 were	
conducted	using	standard	published	dissolution	conditions.	
Students	at	SOPPS,	TCD	currently	have	access	to	Matlab,	
however	 it	 is	 not	 commonly	 used	 in	 the	 pharmacy	
programme	 and	 students	would	 not	 be	expected	 to	 be	
familiar	with	its	installation	or	use.	This	could	be	envisaged	
as	a	barrier	 to	the	learning	resource	when	 delivering	the	
learning	 remotely,	 and	 if	 only	 used	 for	 one	 workshop.	
Therefore, 	while	direct	access	of	the	user	to	the	software	
would	 be	 optimal,	 it	 was	 considered	 a	more	 fool-proof	
option	 to	 trial	 screencasting	 of	 operation	 of	 the	
programme,	which	again	could	 be	recorded	if	necessary,	
ensuring	equitable	and	self-paced	access	to	 the	relevant	
resources.	 Conversely,	 if	 the	 teaching	 element	 was	
expanded	 to	 an	 advanced	 exercise	 focussing	on	 the	 late	
phase	 discovery/inquiry-based	 learning,	 it	 could	 be	 of	
greater	benefit	to	students	to	 invest	the	time	in	installing	
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Matlab	on	their	own	computer.	Similarly	if	remote	access	
was	 available	 to	 the	 novice	 user	 through	 the	 online	
platform,	or	 eg	a	 cloud	 application	 (as	has	become	 the	
case	 in	 SOPPS,	 TCD	 since	 the	 time	of	 this	project), 	this	
would	be	encouraged.

Late	phase	discovery/inquiry-based	learning
The	user	input	template	(Figure	B)	was	developed, 	which	
was	shared	in	the	online	document	repository,	facilitating	
the	 accurate	 running	 of	 simulation	 options	 by	 the	
competent	 user,	 based	 on	 the	 previous	 simulation	
evaluation	of	the	novice	user.	This	input	template	would	
also	 support	 group	 work	 output,	 in	 the	 form	of	 further	
simulations	 a	 group	 may	 wish	 to	 pursue	 following	
preliminary	results.	Examples	 of	discovery/inquiry-based	
simulation	options	included	simulation	of	particle	motion	
using	different	 API	particle	sizes,	which	then	determined	
whether	 a	 particle	 would	 sink	 (stationary)	 or	 be	
suspended	 (move	 with	 the	 fluid);	 this	 difference	 in	
behaviour	 notably	affects	 particle	dissolution	 behaviour,	
and	thus	could	impact	on	whether	a	certain	set	of	particle	
characteristics	would	 result	 in	 particle	 dissolution	 being	
within	 the	safe	 design	 space	or	 not.	Simulating	 particle	
motion	before	simulating	its	dissolution,	in	order	to	select	
appropriate	 velocity	 values	 for	 dissolution	 simulation,	is	
therefore	 very	 useful	 in	 illustrating	 the	 potential	
shortcomings	 of	 a	 model	 when	 parameters	 are	 not	
accounted	 for	 or	 ‘default’	 values	 used	 without	 their	
impact	being	understood.	

Through	 bookending	 application	 of	 the	 QbD-BioRAM	
approach	at	the	introductory	stage	of	early	phase	learning	
and	 at	 the	 conclusions	 following	 the	 discovery/inquiry	
phase,	 the	 user	 systematically	 considered	 relevant	
biopharmaceutical	aspects.	In	the	context	of	the	learning	
cases	 in	 this	 simulation	 online	 learning	 element,	 the	
varying	 impact	 of	 CPPs	 on	 dissolution	 of	 APIs	 with	
different	biopharmaceutical	properties	was	hypothesised,	
through	 particle	 size	 effects.	 These	 effects	 were	 then	
illustrated	 using	 Simdisso	 and	 potential	 manufacturing	
challenges	to	formulating	a	product	within	the	safe	design	
space	 were	 identified.	 Furthermore,	 underpinned	 by	
QbD-BioRAM	 and	 in	 consideration	 of	 a	 likely	 patient	
cohort	 of	 geriatric	 or	 critically	 ill	 patients	with	 possible	
difficulties	 in	 solid	 oral	 dosage	 form	 administration,	the	
patient-focussed	 relevance	 of	 the	 results	 could	 be	
highlighted.	Although	 a	wide	 range	 of	 simulations	 were	
conducted	 at	 this	 stage,	 it	 was	 not	 necessary	 for	 both	
users	to	be	present	 while	the	 simulations	were	 running,	
which	enabled	their	engagement	with	outputs	at	different	
times	 suiting	 their	 availability	and	 again	 supporting	 the	
concept	of	equitable	access	to	the	learning	resource.	
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Future	phase
For	 the	 future	 phase	 of	 learning,	 the	 novice	 user	
suggested	 enhancements	 of	 the	 simulation	 approach	
which	 could	 further	 improve	 the	 flexibility	 of	 the	
simulation	 programme	 in	 representing	 real	 in-vitro	
dissolution	 processes.	 Incorporating	 a	 requirement	 for	
such	 suggestions	 from	 the	 novice	 user	 facilitates	 the	
educator	 in	 accurately	interpreting	how	well	 the	student	
understood	 the	application	 of	the	 simulation.	Therefore,	
this	 is	 considered	 a	 crucial	 debriefing	 point	 from	 the	
expert	user.	

Figure	B:	Tool	1-	Inputs	template	tool	developed	during	
the	 project	 to	 support	 remote	 and/or	 asynchronous	
online	 learning,	 and	 scaffolding	 of	 user	 competence	
development

Figure	 C:	 Competency	 milestones	 and	 suggested	
developmental	 scaffolding	 approaches	 supporting	
remote/online	application

User	evaluation,	and	scaffolding	learner	development
The	 points	 in	 the	 exercise	 identified	 as	 competency	
milestones	 are	 presented	 in	 Figure	 C, 	 along	 with	
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suggested	 developmental	 scaffolding	 methods.	 Regular	
engagement	between	the	novice,	competent	 and	 expert	
users	 facilitated	 scaffolding	method	 development	 based	
on	ongoing	user	feedback.

User	evaluation	of	the	learning	element
Based	 on	 novice-user	 progress	 and	 feedback	 and	
competent-user	 feedback,	three	tools	were	developed	to	
scaffold	 learning	 and	 also	 to	 serve	 as	 templates	 for	
assessment.	These	were	the	 inputs	 table	(Figure	 B),	the	
QBD-BioRAM	tool	 (Figure	D),	and	 the	simulation	process	
flow	tool	(Figure	E).	

Figure	 D:	 Tool	 2-	 QbD-BioRAM	 tool	 to	 assess	
contextualisation	 of	 dissolution	 testing	 and	 simulation	
programme	application	to	biopharmaceutics	scenarios

Figure	E:	Tool	3-	Simulation	process	flow	tool	to	facilitate	
discussion	around	the	effects	of	input	changes	and	as	an	
assessment	 tool	 to	 evaluate	 understanding	 of	 the	
simulation	and	its	applications,	at	both	discovery/inquiry	
and	future	learning	stages.	
Nomenclature	as	detailed	in	Figure	2.	 Additionally:	 Cr	reservoir	concentration;	m	mass;	Np	
number	of	 particles;	Re	Reynolds	number;	 Sc	 Schmidt	number;	 Sh	Sherwood	number;	Uf	
fluid	velocity;	Vl	layer	volume;	Vp	particle	volume

Scaffolding	of	learning
As	 the	 background	 context	 was	 also	 the	 source	 of	 the	
initial	 user	 inputs	 for	 the	 first	 simulations,	 a	 point	 for	
instructor-student	feedback	was	identified	to	support	the	
student	 proceeding	 to	 integrate	 the	 background	
knowledge	and	 its	application	 to	 the	process.	The	 input	
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table	(Figure	B)	was	developed,	where	appropriateness	of	
initial	 simulation	 inputs	 could	 be	 assessed,	 and	 the	
quality-by	Design	 QBD-BioRAM	tool	 (Figure	D)	has	been	
developed	to	assess	initial	contextualisation.	

The	second	instructor-student	feedback	point	is	at	the	end	
of	the	late	phase	discovery/inquiry-based	learning. 	At	this	
point	 the	 user	 should	 be	 able	 to	 present	 simulated	
dissolution	 results,	 hypothesise	 on	 how	 different	
dissolution	 conditions/API	 properties	 could	 affect	 these	
results,	 present	 adjusted	 input	 tables	 to	 reflect	 the	
hypotheses	 and	 novel	 simulation	 outputs.	 Furthermore,	
the	user	should	be	able	to	interpret	results	with	respect	to	
the	 given	 context,	and	make	 preliminary	suggestions	 on	
the	 role	 of	 dissolution	 testing	 in	 safe	 design	 space	 for	
different	APIs.	The	simulation	process	flow	tool	(Figure	E)	
was	developed	 both	 to	 facilitate	 discussion	 around	 the	
effects	 of	 input	 changes	 and	 as	 an	 assessment	 tool	 to	
determine	the	milestone	attainment	of	 ‘competent	 user’	
in	 combination	 with	 the	 input	 table	 (Figure	 B).	 It	 is	
suggested	that	the	 instructor	can	take	a	‘muddiest	point’	
(Angelo	&	Cross,	1993)	approach	in	clarifying	any	aspects	
of	 simulation	 application	 and	 interpretation	 to	 support	
the	evolution	of	the	learner	to	scaffold	learning	at	the	end	
of	the	late	phase.	

The	third	scaffolding	point	is	the	final	debriefing.	The	user	
would	 not	be	expected	to	 gain	 expert	competency	level	
without	notable	familiarity 	with	the	software,	however,	a	
point	 identified	 towards	 future	 competence	 is	 that	 the	
user	 can	 identify	 and	 discuss	model	 limitations,	 suggest	
improvements	and	suggest	when	a	model	may	or	may	not	
be	suitable	 for	 troubleshooting	a	complex	problem.	This	
debriefing	 stage	 checks	 the	 reasoning	 for	 the	 student’s	
suggestions	and	ensures	the	avoidance	of	the	‘black	box’	
effect	with	simulations	where	the	user	 is	aware	of	inputs	
and	 outputs	 but	 lacks	 clarity	 on	 how	 the	 simulation	
dynamics	 operate.	 The	 simulation	 process	 flow	 tool	
(Figure	E)	can	be	used	at	 this	point	to	discuss	and	 assess	
user	 understanding	of	how	the	 simulated	 process	 could	
be	 adjusted,	 potentially	 in	 combination	 with	 the	
QBD-BioRAM	tool	(Figure	D)	to	illustrate	situations	where	
the	 simulation	 programme	 might	 be	 required	 for	 more	
complex	scenarios.

The	tools	developed	 through	 the	user	 feedback	process	
for	 scaffolding	and	assessment	 of	 learning	were	used	 to	
scaffold	novice-user	learning	and	support	their	interaction	
with	 the	 competent	 and	 expert	 users.	 Based	 on	 this	
process, 	Question	sections	were	added	to	Figures	D	(Q1-3)	
and	E	(QA-C)	to	formalise	their	adaptation	as	assessment	
tools	through	discussion	with	the	academic	staff	from	TCD	
and	University	of	Bath.
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Flexibility	in	online/remote	delivery
Whereas	for	this	project	the	student	was	guided	towards	
the	 introductory	 information	 sources, 	 this	 point	 of	 the	
exercise	 could	 be	 expanded	 or	 reduced,	 to	 align	 with	
limited	 time/resource	accessibility	or	 learning	objectives.	
For	 example,	 a	 pre-recording	 or	 explanatory	 document	
could	 be	made	 available	with	 the	 relevant	 information	
rather	 than	 requiring	 the	 student	 to	 source	 the	
information.	 To	 replicate	 student-educator	 interaction,	
the	 current	 work	 used	 several	 pre-arranged	 live	 video	
calls	 to	 discuss	 the	 context	 of	 the	 simulation	 learning	
element,	and	also	to	teach	the	mechanistic	mass	transfer	
element	on	which	the	simulation	is	based,	through	screen	
sharing	(screencasting).	Live	teaching	for	 group	work	can	
be	 facilitated	 through	 synchronous	presentations,	using	
for	 example	 virtual	 whiteboards	 to	 capture	 student	
discussion. 	However, 	 in	 the	 case	 of	 unreliable	 internet	
connection	or	time-zone	challenges,	this	live	teaching	can	
be	 replaced	 with	 recorded	 presentations	 and,	 for	
example,	 moderated	 discussion	 board	 or	 student-to-	
instructor	 recorded	 screencasting	 to	 facilitate	 troubles-	
hooting,	group	learning	and	student-educator	 interaction.	
These	 teaching	modalities	are	available	 through	the	 VLE	
which	 will	 be	 used	 for	 the	 Advanced	 Pharmaceutics	
module.	Similarly,	for	the	assessment	of	correct	inputs,	in	
the	 trial,	 student	 understanding	 was	 assessed	 via	 a	
written	report	incorporating	the	inputs	tool,	and	real	time	
video	 discussion.	 Alternative	 approaches	 could	 include	
student(s)	completing	the	inputs	table,	and	discussion	on	
appropriateness	of	 inputs	 via	 a	discussion	 board.	For	 a	
smaller	workshop,	initial	 inputs	could	be	provided	via	this	
tool,	 and	 their	 source	and	 purpose	presented.	Adjusted	
inputs,	 simulation	 outputs	 and	 hypotheses,	 using	 the	
simulation	process	flow	tool,	can	be	deposited	in	 shared	
repositories	 for	 asynchronous	 evaluation	 in	 addressing	
the	 late	 phase	 learning	 milestone.	 Considering	 the	
findings	 of	 Frandsen	 &	 Lehn-Christiansen,	 (Frandsen	 &	
Lehn-Christiansen,	2020),	we	suggest	that	ideally	the	final	
debriefing	 would	 be	 a	 synchronous	activity,	 fostering	a	
positive	 semi-structured	 environment	 to	 promote	
student	questioning	and	clarify	learning	objectives	at	that	
point.

With	 respect	 to	 the	 third	 pillar, 	 it	 is	 intended	 that	 the	
simulation	online	learning	element	could	be	implemented	
within	 a	Year	 5	Advanced	Pharmaceutics	module.	In	line	
with	the	integrative	teaching	and	learning	approach	in	the	
SOPPS,	TCD,	it	was	necessary	that	 the	element	 could	be	
integrated	within	the	programme.	The	school	employs	an	
integration	approach	based	 on	five	 cross-cutting	themes	
which	are	also	aligned	with	the	Pharmaceutical	Society	of	
Ireland’s	 competency	framework	 (Ryan	 et	al., 	2019).	All	
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module	 descriptors	 on	 the	 integrated	 pharmacy	
programme	 detail	 vertical	 and	 horizontal	 links	 with	
content	 in	 other	 modules, 	in	addition	 to	 the	 integrative	
themes	which	apply	to	that	module.	Figure	F	details	the	
presentation	 of	 the	 integration	 of	 the	 relevant	 bio-	
pharmaceutics	 element	 of	 the	 Advanced	 Pharmaceutics	
module	 with	 other	 modules	 in	 the	 programme.	 The	
relevant	 learning	 outcome	 (detailed	 in	 Figure	 6)	 is	
currently	examined	 as	 part	 of	 a	 formal	 exam,	 and	 the	
proposed	assessment	following	introduction	of	the	online	
learning	 element	 is	 through	 completion	 of	 the	 tool	
templates	 as	 appropriate	 to	 the	 biopharmaceutics	 case	
studies	 presented.	 Furthermore,	 the	 curricular	 themes	
‘Safe	 and	 Rational	 use	 of	 Medicines’	 and	 ‘Medicines	
Sourcing,	 Production	 and	 Use’	 are	 associated	 with	 the	
advanced	 pharmaceutics	 module.	 Therefore,	 the	
simulation-based	 learning	 element	 is	 clearly	 well	
positioned	 for	 this	module	 and	 supports	 integration	 of	
learning	 content	 in	 the	 other	 programme	 modules	 as	
detailed.

Figure	 F:	 Integration	 of	 the	 current	 relevant	 teaching	
content	 in	 the	Advanced	Pharmaceutics	module	within	
the	 pharmacy	 programme	 where	 the	 new	 learning	
element	 would	 be	 implemented	 along	 with	 proposed	
change	to	assessment,	supporting	use	of	earlier	learning	
in	contextualising	knowledge	and	its	application.	

The	pharmacy	curriculum	is	integrated	across	five	cross-	cutting	curricular	themes:

																																					
Medicines	Sourcing,	Production	and	Use													Safe	and	Rational	Use	of	Medicines

	 																																																																				
Pathologies,	Patients	and	Populations;																Professionalism	and	Communications

	 	
Leaders	and	Learners
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Discussion
The	pivot	to	online	learning	has	resulted	 in	 students	and	
educators	alike	being	required	to	deliver	learning	content	
online	which	was	not	originally	envisaged	for	this	delivery	
mode.	Students	had	not	necessarily	elected	 to	pursue	an	
online	 programme,	nor	 had	 the	possibility	to	 choose	an	
optimal	situation	from	which	to	access	the	online	material	
(i.e.	 many	 undergraduate	 students	 were	 required	 to	
return	to	 their	original	 family	home).	In	 these	 instances,	
there	 may	 have	 been	 limited	 access	 to	 computer	
resources,	workspaces	conducive	to	effective	learning	or	
reliable	internet	connectivity.	Furthermore,	it	is	likely	that	
challenges	 would	 be	 exacerbated	 in	 less	 affluent	
sociodemographic	 environments.	 In	 order	 to	 maintain	
equitable	 access	 to	 the	 educational	 tools	 being	
developed,	 the	 process	 of	 developing	 the	 simulation-	
based	 learning	 element	 ensured	 that	 flexibility	 of	
technological	 and	 learning	needs	was	 embedded	 in	 the	
content	development.	It	is	also	recognised	(Lewin,	Seider,	
&	 Seader,	 2002;	 Belton,	 2016)	 that	 a	 multimedia	
approach	is	valuable	to	support	self-paced	learning.

There	is	widespread	use	of	simulation-based	education	in	
healthcare	programmes,	 in	 particular	 relating	 to	 clinical	
skills	 and	 competencies	 (JRCPTB/NHS	Health	 Education	
England,	 2016;	 Ferguson	 et	 al., 	 2020).	 The	 value	 and	
challenges	 of	 such	 approaches,	 have	 been	 broadly	
reported	in	clinical	education	literature	(Croft	et	al.,	2019;	
Sarfati	et	al., 	2019;	Ferguson	et	al., 	2020). 	However,	the	
use	 of	 in	 silico,	 or	 computer-based	 process	 simulations	
tends	 to	 be	 reported	 more	 in	 educational	 literature	
relating	 to	 physical	 sciences, 	 for	 example,	 chemical	
engineering	(Li	&	Huang,	2017;	Rasteiro	&	Urbano,	2017;	
de	Lucas-Consuegra, 	Serrano, 	&	Llanos,	2018;	Golman	&	
Yermukhambetova,	 2019;	Moodley,	 2020;	Nachtigalova	
et	al.,	2020;		Roman	et	al.,	2020).		

In	silico	simulation	tools	are	not	only	useful	as	a	substitute	
for	‘real	life’ 	or	in	vitro	laboratory	experience,	but	in	some	
cases	have	been	shown	to	actually	improve	performance	
in	 conceptual	 questions	 (Finkelstein	 et	 al.,	 2005).	
Advantages	of	process	simulations	include	 being	able	 to	
break	processes	down	 to	 component	 parts	 to	 facilitate	
understanding,	 and	 to	 explore	 effects	which	 cannot	 be	
replicated	 in	real	 life	 (Rakić	et	al.,	2020).	An	 example	 in	
the	simulation	programme	discussed	in	the	current	work	
is	 the	 possibility	 to	 explore	 the	 effect	 of	 applying	 or	
disabling	gravitational	 force	in	the	simulation.	Developing	
the	 simulation	 learning	 element	 as	 a	 pivot	 to	 online	
learning	in	 the	context	of	 the	current	 pandemic	 exploits	
these	 advantages	 of	 in	 silico	 simulation	 based	 learning,	
while	also	being	cognisant	of	ensuring	equity	of	access	to	
all	students,	through	identifying	simple	and	asynchronous	
methods	of	delivery.	
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Furthermore,	 the	 absence	 of	 a	 sophisticated	 user	
interface	for	the	presented	simulation	programme	results	
in	providing	the	user	with	 ‘behind	the	scenes’	insight	into	
simulation	code. 	While	not	engaging	in	programming	the	
code,	this	insight	can	be	considered	valuable	to	the	user	in	
terms	of	understanding	 the	fundamentals	 of	an	 in-silico	
simulation	approach.	The	need	 to	engage	students	with	
the	 simulation	 code/basic	 equations	 and	 therefore	 the	
fundamental	 principles	 underpinning	 the	 process	
simulation,	 in	 order	 to	 mitigate	 concerns	 relating	 to	
superficial	 learning	 using	 process	 simulation	 tools,	 has	
been	recognised	(Roman	et	al.,	2020).

Using	 the	 example	 of	 medications	 investigated	 for	
COVID-19	 treatment	 was	 successful	 in	 engaging	 user	
interest	 in	 the	 project,	 and	was	 sufficiently	 versatile	 to	
enable	multiple	API	examples	and	 dissolution	conditions	
to	be	investigated,	applicable	to	each	of	the	three	learning	
stages.	 Combining	 this	 versatility	with	 the	 QbD-BioRAM	
approach	 of	 risk	 assessing	 formulation	 development	
requirements	suggests		a	rich	opportunity	for	the	learning	
element	 to	be	integrated	into	the	pharmacy	programme,	
in	 addition	 to	biopharmaceutics-based	modules	 in	other	
postgraduate	pharmaceutical	sciences	programmes	in	the	
authors’	universities.

The	structure	of	the	element	in	terms	of	the	Belton	model	
for	 simulation	 pedagogy	 (Belton,	 2016)	 facilitated	 the	
identification	 of	milestone	 competencies	 and	 scaffolding	
opportunities	 during	 user	 development,	 and	 thus	 could	
also	 be	 delivered	 as	 individual	 elements,	 e.g.	 an	
introductory	novice	user	 level	 or	 a	more	 advanced	 level	
supporting	 inquiry-based	 learning.	 The	 authors	 propose	
that	 this	 flexibility	 supports	 the	 use	 of	 the	 presented	
learning	 element	 in	 a	 range	 of	 teaching	 scenarios	 to	
postgraduate	pharmaceutical	sciences	students,	dependent	
on	 the	 target	 competency	 level	 and	 time	 available	 for	
delivery.	 In	 terms	 of	 assessment,	 the	 scaffolding	
opportunities	suggested	are	considered	largely	formative	
in	 nature, 	 however	 the	 developed	 assessment	 tools	
potentially	present	opportunity	for	 either	diagnostic	and	
formative	 assessment	 (using	 the	 tools	 as	 a	 basis	 for	
discussion)	or	summative	assessment	(using	the	tools	as	a	
template	 for	 assignment	 submission).	 Nonetheless	 we	
suggest	 that	 combination	 of	 the	 tools	 with	 a	 reflective	
learning	 element	 following	 instructor	 feedback	 would	
optimise	 advanced	 user	 assessment	 at	 the	 advanced	
‘Future’	competency	milestone.

Future	work:	Implementation	and	Evaluation
Despite	 the	 successful	 development	 of	 the	 learning	
element,	challenges	were	identified.
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Regardless	of	all	efforts	to	ensure	equitable	access,	an	in	
silico	simulation	tool	is	visual	and	dynamic,	and	requires	at	
least	the	resources	to	access	and	download	pre-recorded	
videos	 or	 screencasts.	 Asynchronous	 text	 discussion	 of	
complex	 process	 dynamics	 can	 be	 unwieldy,	 and	more	
study	 is	 required	 to	 identify	 optimal	 online	 instructor-	
educator	interactions	in	potentially	resource	poor	settings	
or	 with	 unreliable	 internet	 connectivity.	 Appropriate	
debriefing	 is	 critical, 	 and	 online	 interactions	 are	 not	
always	 optimal	 for	 supporting	 informal	 student	
questioning	to	identify	areas	of	suboptimal	learning.	

Future	 plans	 include	a	 focus	 on	QbD-BioRAM	 in	 earlier	
(Year	4	)	learning	in	the	integrated	pharmacy	programme	
in	SOPPS,	TCD,	in	order	 to	support	a	focussed	delivery	of	
the	 presented	 learning	 element	 in	 Year	 5	 Advanced	
Pharmaceutics	module.	The	 learning	element	 presented	
in	the	current	work	was	trialled	with	a	single	novice	user.	
Although	flexible	 approaches	 to	 delivery	of	 the	 learning	
element	 were	 identified,	 their	 value	 beyond	 single	 or	
small	user	groups	has	not	been	established.	Evaluation	of	
the	learning	element	and	assessment	tools	delivered	as	a	
structured	 workshop	 to	 groups	 of	 students	should	 then	
be	 undertaken	 to	 validate	 delivery	 of	 the	 learning	
element	 beyond	 single-user	 training;	 in	 particular	
evaluation	 of	 which	 combination	 of	 the	 suggested	
delivery	 methods	 (synchronous,	 asynchronous,	 etc.)	
would	 be	most	 acceptable	 or	 user-friendly	 to	 students	
engaged	 in	 remote	online	 learning. 	Expanding	evaluation	
to	 different	 expert/academic	 staff	 users	 in	 different	
institutions	 would	 provide	 notable	 value	 in	 further	
developing	and	refining	the	learning	element.	

In	 conclusion,	 in	 the	 current	 work,	 the	 use	 of	 the	
simulation	 programme	 in	 teaching	 was	 pivoted	 to	
develop	 an	online	 learning	 element.	Through	 use	of	 an	
engaging	 cognitive	 hook,	 that	 of	 exploration	 of	
manufacturing	challenges	of	pre-existing	medicines	being	
investigated	as	therapeutic	agents	for	 COVID-19,	remote	
learning	of	the	process	simulation	software	was	achieved	
across	different	 countries	 and	 time	 zones.	 The	 learning	
element	was	successfully	aligned	with	the	three	stages	of	
competency	 in	 simulation	 pedagogy	outlined	 by	Belton	
(2016),	and	 the	 learning	 element	 design	was	 scaffolded	
through	 identification	 of	 competency	 milestones	 and	
development	 of	 associated	 assessment	 tools,	based	 on	
iterative	 user	 feedback	and	 discussion.	 In	 recognition	 of	
the	 advanced	 biopharmaceutics	knowledge	 required	 for	
application	of	the	 learning	element,	intentional,	directed	
preparatory	 work	 at	 earlier	 stages	 of	 the	 pharmacy	
programme	 is	 suggested.	Alternative	methods	for	 online	
delivery	and	interaction	are	proposed	to	address	resource	
limitations.	Nonetheless	 challenges	remain	 in	 identifying	
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optimal	user-instructor	 interactions,	and	 further	 study	is	
suggested	 to	 optimise	 online	 asynchronous	 delivery	 or	
engagement	with	large	student	groups.	
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