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Abstract
The	Core	Concepts	 of	 Pharmacology	 (CCP)	 initiative	 is	 developing	 educational	 re-
sources	to	transform	pharmacology	education	 into	a	concept-	based	approach.	This	
study	evaluated	the	quality	of	global	educator-	created	MCQs	in	generating	items	for	
the	pharmacology	concept	 inventory	 (PCI)	 instrument	and	developed	as	a	resource	
for	learning	pharmacology	fundamental	concepts.	A	panel	of	22	global	pharmacology	
experts	recruited	from	the	CCP	initiative	research	team	participated	in	the	MCQ	pilot	
database	design	and	evaluation.	The	quality	analysis	framework	of	the	MCQs	in	the	
pilot	database	included	four	assessment	tools:	item	writing	guidelines	(IWGs),	Bloom's	
taxonomy,	 the	CCP,	 and	 the	MCQ	design	 format.	 A	 two-	phase	 evaluation	 process	
was	involved,	including	inter-	rater	agreement	on	item	quality,	followed	by	resolving	
conflicts	 that	occurred	 in	quality	assessment.	The	chi-	square	 (χ2)	 test	of	 independ-
ence	and	Cramer's	V	correlation	tests	were	utilized	to	measure	the	relationship	among	
quality	assessment	attributes.	About	200	MCQs	were	gathered	and	98%	underwent	
expert	evaluation.	Nearly	80%	addressed	one	or	more	CCP,	with	52%	designed	using	
a	context-	dependent	format.	However,	only	40%	addressed	higher	levels	of	Bloom's	
cognitive	domain	and	10%	adhered	to	all	IWGs.	A	strong	positive	correlation	was	ob-
served	between	the	context-	based	item	format	and	its	effectiveness	in	assessing	the	
higher	cognitive	domain,	the	main	CCP	and	improved	IWGs	adherence.	Context-	based	
item construction can assess the higher cognitive skills and fundamental pharmacol-
ogy concepts, showing potential for rigorous PCI development. The pilot database will 
store	items	to	create	the	PCI,	aiding	the	development	of	a	concept-	based	pharmacol-
ogy curriculum.

https://doi.org/10.1002/prp2.70004
www.wileyonlinelibrary.com/journal/prp2
https://orcid.org/0000-0003-0519-509X
https://orcid.org/0000-0003-3454-5204
https://orcid.org/0000-0003-4748-5482
mailto:
https://orcid.org/0000-0002-7047-6827
https://orcid.org/0000-0002-3260-8470
https://orcid.org/0000-0002-0685-327X
https://orcid.org/0000-0001-5158-485X
https://orcid.org/0009-0001-9468-3361
https://orcid.org/0000-0001-6188-1145
mailto:
https://orcid.org/0000-0002-7524-1808
http://creativecommons.org/licenses/by-nc/4.0/
mailto:paul.white@monash.edu


2 of 12  |     NETERE et al.

1  |  INTRODUC TION

The International Society for Basic and Clinical Pharmacology 
Education	 Section	 (IUPHAR-	Ed)	 Core	 Concepts	 of	 Pharmacology	
(CCP)	 initiative	has	proposed	the	development	of	a	concept-	based	
approach to pharmacology learning.1–3 This approach aims to trans-
form pharmacology learning by creating conceptual assessment in-
struments and educational materials. These resources are designed 
to assist students and educators in mastering the fundamental prin-
ciples of pharmacology. Pharmacology educators have identified, 
defined, and unpacked the core concepts.1,3 The next phase en-
compasses designing instruments for teaching and assessing these 
concepts. This involves developing and validating concept inven-
tories	(CIs)	to	identify	misconceptions	and	measure	conceptual	un-
derstandings.	The	CI	design	includes	establishing	a	multiple-	choice	
question	 (MCQ)	 database	 created	 by	 international	 pharmacology	
educators to assess student comprehension.2

MCQs	are	promising	tools	for	developing	CI	instruments,	which	
are	 used	 to	 assess	 students'	 learning	 on	 established	 conceptual	
frameworks.4 One approach in developing CI items involves a meth-
odological	focus	on	pinpointing	student	misconceptions	by	analyz-
ing	their	responses	to	MCQs.5–7 This approach consists of creating 
MCQ	distractors	using	list	of	validated	misconceptions.8	MCQs	are	
widely employed in higher education to assess professional compe-
tence due to their efficiency in evaluating diverse content,9,10 ease of 
grading,	and	suitability	for	large-	scale	assessments.11,12	Well-	written	
and	high-	quality	MCQs	can	provide	comprehensive	assessment,	fos-
ter	critical	thinking,	and	improve	decision-	making	skills.13 Moreover, 
they can play a role in broader educational improvements, resulting 
in improved student performance, and the establishment of vali-
dated assessment practices.

Despite	 their	 benefits,	MCQ	 fall	 short	 in	 evaluating	 the	depth	
of understanding, and practical skills, focusing on selecting correct 
answers rather than expressing reasonings and articulating thoughts 
in professional settings.14,15	Also,	the	quality	of	MCQs	could	be	com-
promised due to violations of accepted quality standards, termed 
item-	writing	 guidelines	 (IWGs).9,16,17	 This	 non-	compliance	 results	
in	 lower-	quality	 items,	 adversely	 affecting	 student	 performance	
and compromies critical decisions.16 It can hinder cognitive levels 
and	 item	parameters,	allowing	 low-	ability	 individuals	 to	guess	cor-
rectly	while	misleading	high-	ability	test-	takers.18	MCQs	often	assess	
lower cognitive levels, reducing their effectiveness,15,17 particularly 
in	health	sciences	when	 learners	are	expected	to	analyze	complex	
information for clinical decisions.15 If assessment tools fail to mea-
sure complex cognitive skills, students may not be evaluated on 
whether they demonstrated higher cognitive levels of knowledge 
and skills.17	 Thus,	 quality	 MCQs	 are	 recommended	 to	 promote	

higher-	order	critical	thinking	and	prepare	students	for	clinical	train-
ing or research.16,19

This	study	aimed	to	assess	the	quality	of	MCQs	in	the	pilot	da-
tabase submitted by international pharmacology educators and gen-
erate	potential	items	for	the	pharmacology	concept	inventory	(PCI)	
instrument.	A	novel	methodological	approach	combined	four	analy-
sis	frameworks	to	produce	a	holistic	assessment	of	MCQ	develop-
ment quality and suitability for testing fundamental pharmacology 
concepts:	 (1)	 evaluating	 instructor-	created	MCQ	 quality	 based	 on	
adherence	to	IWGs;	(2)	examining	the	cognitive	domain	levels	em-
bedded	 in	MCQs	to	assess	students'	critical	 thinking	skills	 in	 their	
pharmacology	 knowledge;	 (3)	 evaluating	 of	 the	 effectiveness	 of	
MCQs	in	testing	the	CCP;	and	(4)	analyzing	the	design	structure	of	
MCQs	as	context-	dependent	or	non-	context-	dependent	to	identify	
the construction format.

2  |  QUALIT Y A SSESSMENT FR AME WORK

MCQ	quality	evaluation	utilized	a	blend	of	four	instruments:	IWGs,	
Bloom's	taxonomy,	CCP	and	the	design	nature	of	MCQ	structure.	
These	instruments	aim	to	craft	high-	quality	MCQs	able	to	assess	
critical thinking and cognitive skills, evaluate fundamental con-
cepts	of	pharmacology,	and	design	MCQ	formats	 in	real	scenario	
vignettes.	 Educational	 instruments	 such	 as	 IWGs,17,20	 Bloom's	
Taxonomy 21 and CCP1,3 have been developed to address these 
challenges. These tools serve as a fundamental framework for de-
signing	MCQs	and	assessing	their	quality	in	alignment	with	educa-
tional learning objectives, while also providing a classification for 
the goals of education systems within a cognitive model of com-
plexity.22 Using integrated instruments to assess items improves 
quality	analysis	making	the	teaching-	learning	process	simpler	and	
more effective. They also enable the monitoring and evaluation 
of new learning performance and competency.21,23	 Assessing	
the	quality	of	MCQs	to	test	CCPs	according	to	these	frameworks	
ensures	 the	 development	 of	 well-	designed	 instruments	 that	 ef-
fectively measure learning outcomes.1,9,20,21	 High-	quality	 MCQs	
will be considered further to create a repository of items for PCI 
instruments.

3  |  METHODS AND MATERIAL S

The	assessment	involved	multiple	stages	such	as	MCQ	item	pilot	da-
tabase	establishment,	 item	categorization	according	 to	CCP,	and	a	
two-	step	quality	evaluation	conducted	by	a	group	of	 international	
pharmacology educators.

K E Y W O R D S
concept-	based	approach,	context-	dependent	item,	multiple-	choice	question,	pharmacology	
learning, quality evaluation
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3.1  |  MCQ pilot database construction

Experts	in	pharmacology	education	from	the	IUPHAR-	Ed	CCP	initia-
tive	research	group	were	asked	to	provide	MCQs	from	their	question	
sets.	A	team	of	international	pharmacology	educators	submitted	the	
items	and	the	MCQ	pilot	database	was	constructed.	Some	of	the	MCQs	
had been crafted specifically to assess the fundamental pharmacol-
ogy concepts linked to the identified CCP list. These questions were 
developed	over	several	years	and	utilized	at	individual	institutions	to	
evaluate	students'	academic	performance	and	competencies	within	a	
pharmacology course. They were intended for a diverse range of un-
dergraduate	and	graduate	students	in	degree-	seeking	programs	(e.g.,	
health	science	professions,	biomedical	science	programs,	etc.)	across	
universities	around	the	world.	Additionally,	undergraduate	pharmacy	
students	 enrolled	 in	Monash	University's	 Faculty	 of	 Pharmacy	 and	
Pharmaceutical	 Sciences	 developed	 approximately	 one-	quarter	 of	
the questions as part of their thesis project. The students underwent 
training from a senior pharmacology content expert on how to craft 
MCQs	and	received	guidance	on	the	utilization	of	 IWGs.	The	 items	
they developed were then reviewed by two research team members 
and	qualified	items	were	included	in	the	MCQ	pilot	database.

3.2  |  MCQ pilot database evaluation

Leveraging their prior engagement in the CCP framework, inter-
national pharmacology education content experts were invited via 
email	to	evaluate	the	quality	of	the	MCQ	pilot	database.	These	ex-
perts were recruited from several countries across four continents 
based on their deep understanding of pharmacology, extensive 
educational	experience,	and	expertise	in	MCQ	development.	Their	
pharmacology	teaching	and	research	experiences	ranged	from	6	to	
over	20 years	(Table S1).	The	experts	were	then	grouped	into	seven	
sub-	groups,	 each	 composed	 of	 two	 experts,	 which	 were	 subse-
quently formed based on their preferences and CCP expertise. Each 
group	received	approximately	30	MCQs	to	analyze	using	the	analy-
sis framework described below. Item providers participated in the 
review	process	following	the	anonymous	coding	and	categorization	
of items to prevent any potential bias. This approach ensured that 
items were assessed by reviewers other than their original author, 
thereby maintaining impartiality. Subsequently, the research team 
introduced	a	one-	hour	online	briefing	 for	 the	evaluator	 teams,	ex-
plaining how the analysis framework was employed in assessing the 
MCQs	pilot	database.	This	evaluation	aimed	to	determine	the	quality	
of	MCQ	writing,	assess	their	ability	to	address	higher	cognitive	do-
mains, evaluate their effectiveness in testing fundamental pharma-
cology concepts, examine item design structure, and ultimately use 
them as a repository for generating an item for the PCI instrument.

3.3  |  Analysis framework

This analysis framework employed the aforementioned four instru-
ments	to	evaluate	the	quality	of	MCQs	submitted	by	 international	

educators	and	the	MCQs	in	the	pilot	database.	This	innovative	ap-
proach	 includes	 (1)	 IWGs,	which	 served	as	a	benchmark	 for	 craft-
ing	 high-	quality	MCQs	 and	 ensuring	 adherence	 to	 the	 standards;	
(2)	 Bloom's	 taxonomy	 for	 cognitive	 functions,	 used	 to	 assess	 the	
efficacy	 of	 MCQs	 in	 evaluating	 critical	 thinking	 and	 professional	
competency22;	(3)	CCP	employed	to	evaluate	MCQs	for	their	quality	
to test the fundamental concepts of pharmacology1;	 and	 (4)	MCQ	
design formatting, a framework used to examine the design format 
of	 items	 ensuring	 whether	 the	 question	 is	 context-	dependent	 or	
context-	independent	and	its	correlation	to	other	quality	assessment	
attributes. This approach facilitated a thorough examination of the 
MCQs,	ensuring	 their	suitability	 for	 testing	core	concepts	 in	a	de-
tailed	way	(Figure 1).

3.3.1  |  Item	writing	guidelines	(IWGs)

IWGs	offer	a	structured	framework	to	construct	and	design	stand-
ard	 MCQs,	 enhancing	 quality	 and	 ensuring	 precision	 in	 evaluat-
ing knowledge or skills across various educational contexts.20,24 
Assessing	global	 educator-	created	MCQs	with	 IWGs	may	 improve	
clarity,	validity,	and	reliability,	supporting	context-	based	learning	in	
pharmacology	education.	Despite	the	absence	of	standardized	IWGs	
and	 inconsistencies	 in	 their	utilization,	 improving	the	writing	qual-
ity	 of	MCQs	 is	 crucial.	 Consequently,	we	 compiled	 a	 list	 of	 IWGs	
through a comprehensive review of the literature and widely used 
test-	writing	 guidelines,	 which	 encompassed	 identifying,	 adopting	
and	 compiling	 IWGs	 to	mitigate	 potential	 limitations.16,17,20,25 The 
sub-	group	of	the	research	team	identified	and	refined	23	elements	
from	the	work	of	Haladyna	and	colleagues,20 as well as Tarrant and 
co-	workers,17 revised guidelines incorporating expert feedback. 
These	elements	were	identified	in	previous	studies	as	areas	of	non-	
compliance16,17,25	(Table 1).

F I G U R E  1 MCQ	collation	and	quality	evaluation	framework.
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3.3.2  |  Cognitive	domains	of	Bloom's	taxonomy

This framework was used to examine the cognitive domains embed-
ded	in	the	MCQs.	It	categorizes	cognitive	function	into	six	domains	
with the ordering of the two highest domains having been swapped 
in a revised version.26	This	framework	was	further	categorized	into	
two cognitive levels: K1 or K2.21,26	 K1	 (lower	 cognitive	 domains)	
represents knowledge and comprehension, the foundational tier of 
learning, focusing on the recall or recitation of facts, observations, 
or	 definitions.	 K2	 (higher	 cognitive	 domains)	 assesses	 the	 higher	
cognitive domains of application and analysis, which include intel-
lectual abilities and skills that denote a higher level of learning and 
are	defined	as	“the	mental	process	of	organizing	and	working	with	
materials and problems to achieve a purpose”.21 Therefore, we as-
sessed	the	extent	to	which	MCQs	integrate	the	six	domains	of	cogni-
tive domains and two categories27	(see	Table S2).

3.3.3  |  CCP

This	 framework	was	employed	 to	examine	 the	quality	of	educator-	
created	MCQs	in	assessing	the	CCP.	These	concepts	were	previously	
identified	and	refined	by	White	et	al,	Guilding	et	al,	and	the	CCP	re-
search team.1,3 The CCP framework was then used to ensure the items 
were sufficient to test the core principles and knowledge of the disci-
pline	and	to	ensure	a	context-	based	learning	and	teaching	approach.	
This consolidated framework empowers pharmacology educators to 

prioritize	critical	conceptual	knowledge	recognized	by	field	experts.	
The	MCQ	pilot	 database	 sourced	 from	 international	 pharmacology	
educators was created to serve as the foundation for the PCI instru-
ment.	To	ensure	a	context-	based	learning	and	teaching	approach,	the	
quality of the items was evaluated against this CCP framework.

3.3.4  | MCQ	design	formatting

Pharmacology, as a discipline, employs both quantitative and quali-
tative	 models	 to	 describe	 (or	 explain)	 concepts.28,29 The CCP list 
includes both clinical and mathematical models1,3 and the pharma-
cology	MCQs	design	may	employ	diverse	structures.	The	MCQ	con-
struction	format	is	used	to	assess	whether	the	MCQ	was	created	as	
a	context-	dependent	or	context-	independent	style	in	the	application	
of	evaluating	the	learner's	comprehension,	critical	thinking	skills,	and	
ability	to	apply	knowledge	in	real-	life	or	context-	specific	situations.	
For	 this	 study,	 we	 classified	 MCQ	 design	 structures	 as	 context-	
dependent if they were constructed in case scenarios/vignettes, 
graphs, and tables format. Items or sets of items presented as reading 
passages	or	statements	were	categorized	as	context-	independent.

3.4  |  Assessment approach and scoring procedure

Initially,	 we	 received	 single	 correct	 response	MCQs	 that	 were	 al-
ready	categorized	according	 to	 the	CCP	 framework.1,3	 IWGs	were	

TA B L E  1 Compiled	item-	writing	guidelines	(IWGs)	assess	the	MCQ	writing	quality.

Context categories Specific guidelines and codes used in this study

Content context 1. Every item should reflect specific content and a single specific mental behaviour.
2.	 Use	novel	material	to	test	higher-	level	learning.
3. Keep the content of each item independent from the content of other items.
4.	 Avoid	over-	specific	and	over-	general	content	when	writing	MC	items.
5.	 Each	MCQ	should	have	a	clear	and	focused	question.
6.	 Questions	and	all	options	should	be	written	in	clear,	unambiguous	language.

Formatting concerns 7.	 Avoid	complex	or	K-	type	MCQs	(a	combination	of	other	given	statements).

Style concerns 8.	 All	options	are	grammatically	consistent	with	the	stem.
9.	 Avoid	repeating	words	in	the	stem	and	the	correct	option.

Writing the stem 10.	 Each	MCQ	should	have	the	problem	in	the	stem	of	the	question,	not	in	the	option.
11.	 Avoid	gratuitous	or	unnecessary	information	in	the	stem	or	the	options.
12.	 Avoid	awkward	stem	structure	(Finish	the	sentence,	fill	in	the	blank,	grammatically	flawed).

Writing the choices 13.	 The	basic	format	for	MCQs	is	the	single	best	answer.
14.	 Arrange	MCQ	options	in	alphabetical,	chronological,	or	numerical	order.
15.	 All	options	should	be	similar	in	length	and	amount	of	detail.
16.	 Avoid	the	use	of	“none	of	the	above”	as	the	last	option.
17.	 Avoid	the	use	of	“all	of	the	above”	as	the	last	option.
18.	 Avoid	the	use	of	negatives	(e.g.,	not,	except,	incorrect).
19.	 Avoid	providing	logical	cues	in	the	stem	and	the	correct	option	that	helps	the	student	identify	the	correct	option	
without knowing the material.
20.	 Avoid	convergence	cues	in	options	where	there	are	different	combinations	of	multiple	components	to	the	answer.
21.	 Options	should	be	worded	to	avoid	the	use	of	absolute	terms	(e.g.,	never,	always,	only,	all).
22.	 Options	should	be	worded	to	avoid	using	vague	terms	(e.g.,	frequently,	occasionally,	rarely,	usually,	commonly).
23. Make all distractors plausible.
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utilized	with	a	nominal	metric	system,	rated	as	“Yes”	for	those	that	
adhered	to	the	guidelines	and	“No”	for	those	that	did	not.	This	ap-
proach	aimed	to	determine	whether	the	MCQ	exhibited	flaws,	spe-
cifically	focusing	on	 item-	writing	flaws.	This	framework	comprised	
23	elements	with	five	sub-	categories	to	assess	the	MCQs:	content	
concerns	 (six	 elements),	 formatting	 concerns	 (one	 element),	 style	
concerns	 (two	 elements),	 writing	 the	 stem	 (three	 elements),	 and	
writing	 the	 choices	 (11	 elements).20	 MCQs	were	 assessed	 by	 the	
cognitive domain framework, which contained six levels: knowledge, 
comprehension, application, analysis, synthesis, and evaluation. 
They	were	further	analyzed	based	on	two	categories	of	cognitive	lev-
els:	K1	(lower	cognitive	domains),	or	K2	(higher	cognitive	domains).	
Also,	MCQs	were	 rated	 as	 “effective”	 if	 they	 adequately	 assessed	
one	sub-	concept	or	the	main	idea	of	pharmacology,	or	as	“not	effec-
tive” if they did not meaningfully assess the concept or only assessed 
minor	 aspects,	 according	 to	 the	CCP	 framework.	Additionally,	 the	
MCQ	design	structure	was	rated	as	context-	dependent	if	they	were	
constructed in case scenarios/vignettes, graphs, and tables format, 
and	context-	independent	if	designed	as	none	of	the	listed	structures	
or presented as a clear statement.

3.5  |  Inter- rater reliability (IRR) for MCQ pilot 
database

We	utilized	a	two-	step	process	for	the	evaluation	and	validation	of	
the	MCQ	pilot	database.	The	IRR	analyses	were	employed	in	the	“irr”	
package in R.30

3.5.1  |  First	phase:	Item	evaluation

Fourteen experts took part in the initial evaluation process, with 
each item being independently rated by two experts. The degree 
of agreement, such as percentage agreement and IRR, were as-
sessed. The selection of IRR metrics was based on the assump-
tions of study design,31 with statistical tests chosen according to 
the	 metric	 factor.	 For	 assessing	 the	 nominal	 (Yes/No)	 factor	 of	
item	writing	 quality,	 common	 kappa	was	 analyzed	 based	 on	 the	
IWGs.31–33	 The	 cognitive	 domains	 of	Bloom's	 taxonomy,	 consist-
ing of six categories, and the CCP four categories, were assessed 
using weighted kappa as an ordinal metric system. To enhance un-
derstanding of reliability levels, the percentage agreement among 
raters was combined with kappa reliability tests. While there are 
no rigid rules and strict guidelines dictating the required level of 
agreement for evaluation, we employed commonly referenced 
rule-	of-	thumb	levels	for	percentage	agreement	and	Cohen's	Kappa	
classifications	 for	 IRR.	 Percentage	 agreement	 ranging	 from	 75%	
to	90%	was	suggested	as	acceptable.34 IRR was interpreted using 
kappa	 coefficients	 (κ)	 as	 follows	 κ ≤ 0	 indicates	 poor,	 0.01–0.20	
slight,	0.21–0.40	fair,	0.41–0.60	moderate,	0.61–0.80	substantial,	
and	0.81–1.00	perfect	agreement.35

3.5.2  |  Second	phase:	Resolving	disagreements	
between first raters

Items for which there was disagreement between the first two raters 
in the initial assessment phase were flagged and sent to a third rater 
for resolution. Each rater evaluated half of the items, identifying 
writing flaws and assessing how well the items tested CCP and cog-
nitive domain levels. Items that still had rating discrepancies, espe-
cially concerning the effectiveness of items in assessing the ordinal 
categorical levels of CCP and the cognitive domain, were discussed 
by	all	raters	if	unresolved	by	the	third	rater.	Virtual	discussions	(via	
Zoom)	among	all	raters	were	used	to	address	any	remaining	rating	
discrepancies.

3.6  |  Correlation analysis of MCQ quality attributes

Pearson's	chi-	square	(χ2)	and	Cramer's	V	correlation	coefficient	tests	
were	utilized	to	assess	the	correlation	and	strength	of	the	relation-
ship	among	quality	assessment	attributes.	The	chi-	square	test	was	
employed to investigate the association among categorical variables, 
while	the	strength	of	association	was	determined	using	Cramer's	V	
correlation coefficient test.36

4  |  RESULTS

4.1  |  Item provider and evaluator expertise

A	panel	of	22	experts	participated	in	MCQ	provision	and	evaluation.	
Among	them,	10	were	women,	eight	were	men	and	one	preferred	not	
to respond, while background information was unavailable for three 
experts. Initially, we sent an email request to a group of experts to 
submit	MCQs,	13	of	whom	provided	items	from	their	existing	question	
sets.	Then,	a	panel	of	16	experts,	seven	from	the	provider	group	and	
10	additional	experts	evaluated	the	MCQs.	The	majority	(77%,	n = 17)	
of experts held PhD degrees, including Doctor of Science and PharmD 
degrees. Experts were affiliated with universities in eight countries 
across four continents. Experts possess extensive experience in phar-
macology education and research, including teaching disciplines such 
as	 basic	 and	 clinical	 pharmacology,	 systems-	based	 pharmacology,	
pharmacokinetics, pharmacotherapeutics, drug discovery and devel-
opment,	and	pharmacogenomics.	Most	experts	(82%,	n = 18)	have	ex-
perience	teaching	cohorts	ranging	from	50	to	250	students	enrolled	
in	a	variety	of	undergraduate	and	graduate	degree-	seeking	programs	
(e.g.,	 health	 science	professions,	 biomedical	 science	programs,	 etc.).	
The programs included biomedical or medical science, pharmacy, 
nursing, podiatry, physiology, optometry, dentistry, physiotherapy, 
and veterinary medicine , including MSc students and PhD candidates. 
Additionally,	 some	 experts	 have	 experience	 teaching	 paramedicine	
and	non-	medical	prescribers	such	as	nurses,	paramedics,	and	physi-
otherapists	(team	members'	expertise	is	illustrated	in	Table S1).
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4.2  |  Quality assessment of the MCQ pilot 
database

After	compiling	200	global	pharmacology	educators-	designed	ques-
tions,	we	created	a	pilot	database	of	MCQs	that	underwent	expert	
evaluation.	Four	(2%)	of	these	were	excluded	since	they	lacked	item	
structure details and were unable to be evaluated according to the 
analysis	 framework.	 As	 a	 result,	 98%	 of	 the	MCQs	were	 deemed	
suitable for evaluation. These items showed different levels of ad-
herence	to	the	IWGs,	covered	various	cognitive	domains,	tested	the	
CCP and were designed in various design structures.

4.3  |  Adherence to the IWGs

For	the	IWG	framework,	196	MCQs	were	evaluated,	of	which	90%	
were	non-	adherent	to	at	least	one	IWG.	Specifically,	20	(10.3%)	ad-
hered	to	the	IWGs	without	any	violations,	45	(23.1%)	violated	one	
IWG,	and	53	 (27.2%)	 items	had	two	or	 three	 flaws.	The	remaining	
items	 (n = 78,	 40.0%)	 had	 four	 or	 more	 flaws.	 The	 most	 frequent	
omitted	 elements	were	 failure	 to	 “arrange	MCQ	options	 in	 alpha-
betical,	 chronological,	 or	 numerical	 order”	 (66%,	 n = 129),	 con-
struct	 items	with	 “use	novel	material	 to	 test	higher-	level	 learning”	
(52%,	 n = 101),	 and	 “avoid	 awkward	 stem	 structure”	 (29%,	 n = 56).	
Guidelines	such	as	“avoid	the	use	of	absolute	terms”,	 “none	of	the	
above”, and “content of each item was independent of others” had a 
high	degree	of	adherence	(Figure 2).	Acceptable	ranges	(75%–98%)	
of percentage agreement were observed between raters on the 

quality	assessments	using	IWGs.	The	IRR	scores	revealed	substantial	
agreement	for	two	guidelines	(κ =.72,	.79),	and	moderate	agreement	
for	 three	 guidelines	 (κ =.44,	 .59,	 .60).	 The	 remaining	were	 catego-
rized	as	fair	(κ ≤.40)	or	slight	(κ ≤.20)	(Table 2).

4.4  |  MCQ cognitive domain category

For	this	framework	out	of	195	MCQs,	60%	(n = 117)	addressed	lower	
cognitive	levels	(38%	on	knowledge	and	22%	on	comprehension).	The	
remaining	40%	(n = 78)	assessed	a	higher	cognitive	level	(30%	on	ap-
plication	and	10%	for	analysis).	None	of	the	MCQs	addressed	the	top	
two	domains	 such	as	 synthesize	or	evaluate	 (Figure 3).	 The	degree	
of rater agreement was measured by percentage agreement, showing 
acceptable	agreement	(43.5%),	and	weighted	kappa	indicating	moder-
ate	reliability	on	cognitive	level	measurements	(κ =.52;	Table 3).

4.5  |  Item effectiveness in assessing the CCP

In	the	first	phase	of	evaluation,	there	was	a	44%	agreement	between	
raters,	with	a	fair	reliability	level	(κ =.25)	indicating	an	agreement	on	
the effectiveness of testing fundamental concepts of pharmacology 
(Table 3).	 In	 the	 second	 phase	 of	 evaluation,	 after	 disagreements	
were	resolved,	the	majority	of	MCQs	(79%,	n = 154)	were	rated	as	
effective	in	addressing	one	or	more	sub-	concepts	of	the	CCP,	while	
the remainder did not address a concept or only covered a minor 
aspect.

F I G U R E  2 Assessment	of	MCQs	compliance	to	the	IWGs	by	global	pharmacology	educators.
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4.6  |  MCQ design format

The	 MCQs	 were	 evaluated	 based	 on	 the	 design	 format	 of	 items	
and	item	sets.	More	than	half	of	the	MCQs	(52%,	n = 101)	were	de-
signed	with	context-	dependent	structures	such	as	case	scenarios/
vignettes, graphs, and tables, while the remaining were created as 
statement-	based.

4.7  |  Correlation analysis of quality assessment 
attributes

Quality	assessment	attributes	association	and	strength	of	associa-
tion	were	revealed	by	Pearson's	chi-	square	(χ2)	test	of	independence	
and	Cramer's	V	correlation	coefficients	test.	MCQs	designed	with	a	
context-	dependent	 structure	 showed	a	 strong	positive	 correlation	
with other quality measuring criteria: item quality for addressing 
higher cognitive domains, assessing main pharmacology concepts 
and	 improving	 item	 adherence	 to	 IWGs	 (Cramer's	V =.66,	 .54	 and	

0.41; p <.001),	 respectively.	 Likewise,	 a	 substantial	 positive	 cor-
relation	was	 observed	 between	 items	 adhering	 to	 IWGs	 and	 item	
quality	 for	 addressing	 higher	 cognitive	 domains	 (Cramer's	V =.43; 
p =.002)	 and	 assessing	 main	 pharmacology	 concepts	 (Cramer's	
V =.42; p <.001).	Similarly,	MCQs	assessing	the	main	pharmacology	
concepts were correlated with items addressing higher cognitive do-
mains	(Cramer's	V =.37; p <.001; Table 4).

5  |  DISCUSSION

This	 study	 evaluated	 the	 quality	 of	 global	 educator-	created	 MCQ	
writing,	assessed	their	ability	to	address	higher-	order	cognitive	levels,	
and fundamental pharmacology concepts, and examined item design 
structure. The items will be used to design resources that advance the 
concept-	based	 approach	 to	 pharmacology	 education	 advocated	 by	
the	IUPHAR-	Ed	CCP	initiative.2	High-	quality	MCQs	will	be	added	to	a	
pool to create an item bank, thereby facilitating the creation of PCI in-
struments. The PCI will be used to identify misconceptions, measure 

Inter- rater agreement

Agreement 
level Kappa Statistic IRR Scores

IWGs % agreement
Kappa 
Value

Agreement 
level Z- Score p- value

IWG1 79 0.07 Slight 1.04

IWG2 72 0.44 Moderate 6.19 <.001

IWG3 84 0.03 Slight 0.46

IWG4 78 0.20 Fair 2.94 .003

IWG5 68 0.12 Slight 1.75

IWG6 67 0.19 Slight 2.69 .007

IWG7 95 0.59 Moderate 8.29 <.001

IWG8 85 0.39 Fair 5.52 <.001

IWG9 88 0.16 Slight 2.70 .007

IWG10 82 0.33 Fair 4.65 <.001

IWG11 75 0.03 Slight 0.43

IWG12 71 0.16 Slight 2.29 .022

IWG13 91 0.22 Fair 3.13 .002

IWG14 NA 0.32 Fair 4.28 <.001

IWG15 83 0.37 Fair 5.38 <.001

IWG16 98 0.72 Substantial 10.50 <.001

IWG17 97 0.60 Moderate 8.71 <.001

IWG18 96 0.79 Substantial 11.20 <.001

IWG19 90 0.04 Slight 0.62

IWG20 84 0.163 Slight 2.40 .017

IWG21 95 0.163 Slight 2.59 .010

IWG22 88 0.106 Slight 2.00 .046

IWG23 79 0.147 Slight 2.20 .028

Note:	Agreement	level	is	categorized	based	on	Kappa	value.
Abbreviations:	IWGs,	item	writing	guidelines;	NA,	not	applicable.

TA B L E  2 The	degree	of	rater	
agreement	on	the	MCQs	pilot	database	
measured	with	IWGs.
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conceptual	 understandings,	 and	 facilitate	 evidence-	based	 instruc-
tional	 strategies.	 An	 innovative	 methodological	 approach	 blended	
four	assessment	instruments	utilized	to	evaluate	the	quality	of	MCQs	
thoroughly. This initial step in inventory item bank preparation under-
scores their appropriateness for effectively assessing core concepts. 

Additionally,	 recognizing	 the	 importance	 of	 sharing	 resources	 with	
the global pharmacology education community, we plan to make the 
item bank available after the initial test and validation.

This	study	found	that	60%	of	MCQs	mostly	followed	the	IWGs,	
however,	90%	did	not	comply	with	at	least	one	guideline.	Over	20%	

F I G U R E  3 Distribution	of	pharmacology	educator-	created	MCQs	for	addressing	cognitive	domains.

TA B L E  3 The	degree	of	rater	agreement	on	MCQs	pilot	database	measured	with	CCP	and	cognitive	domains.

Percentage agreement and Inter- Rater Reliability (IRR) score

Evaluation Category (%) Agreement Weighted Kappa Agreement level Z- score p- value

MCQ	quality	in	assessing	the	CCP,	MCQs	by	groups	and	overall	quality

Address	the	CCP	(1–30*) 50 −0.110 Poor .505

Address	the	CCP	(31–60) 50 0.276 Fair .111

Address	the	CCP	(61–90) 36.67 0.478 Moderate .007

Address	the	CCP	(91–120) 30 0.011 Slight .941

Address	the	CCP	(121–150) 30 0.174 Slight 1.150

Address	the	CCP	(151–180) 66.67 0.000 Slight 1.000

Address	the	CCP	(181–200) 45 0.275 Fair .028

Overall quality to assess CCP 44 0.254 Fair 3.61 <.001

MCQ	efficiency	in	addressing	cognitive	domains,	MCQs	by	groups	and	overall	efficiency

Cognitive	Level	(1–30*) 56.67 0.454 Moderate .001

Cognitive	Level	(31–60) 53.33 0.673 Substantial <.001

Cognitive	Level	(61–90) 43.33 0.244 Fair .174

Cognitive	Level	(91–120) 36.67 0.275 Fair .019

Cognitive	Level	(121–150) 20 0.325 Fair 3.300

Cognitive	Level	(151–180) 60 0.777 Substantial <.001

Cognitive	Level	(181–200) 30 0.496 Moderate .004

Overall quality to address the cognitive domain 43.5 0.516 Moderate 7.53 <.001

Abbreviation:	CCP,	core	concept	of	pharmacology.
*Number	of	items	provided	for	evaluation	to	the	first	sub-	group,	same	to	other	groups;	Agreement	level	is	categorized	based	on	Kappa	value.
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had	 a	 single	 non-	compliant	 feature,	 while	 about	 67%	 had	 two	 or	
more. Previous studies highlighted similar adherence challenges de-
spite	the	benefit	of	 IWGs.16,37	Our	non-	adherent	rates	were	lower	
than	 the	 85%	 reported	 in	 the	 nursing	 education	 study,38 while 
higher	 than	 other	 studies	 (e.g.,	 46%17	 and	 76.7%15).	 Differences	
may	stem	from	our	MCQs	being	designed	for	various	assessments	
by experts and students, unlike those in other studies, which might 
have	been	prepared	for	other	purposes	and	from	pre-	existing	data-
bases. Furthermore, the varying levels of evidence for each guide-
line and open interpretation have led to inconsistent application by 
authors.17,20	Acknowledging	 the	 importance	of	 standardized	MCQ	
quality	and	 inconsistent	utilization	of	existing	guidelines,	we	com-
piled	 elements	 from	 previous	 literature	 to	 evaluate	 the	 educator-	
created	MCQs.16,17,20,25

The	 most	 common	 guideline	 with	 which	 MCQ	 creators	 were	
non-	compliant	is	a	lack	of	order	in	MCQ	options.	The	reason	could	
be that some writers may overlook systematic ordering, opting for 
random	arrangements	since	the	key	answer	is	randomized	to	prevent	
pattern guessing.39,40	Hohensinn	and	colleagues'	analysis	confirmed	
that the location of the key answer has minimal effect on item dif-
ficulty.39	Additionally,	some	suggested	that	the	sequence	does	not	
matter if the correct options are evenly distributed.40,41 The second 
most	non-	compliant	guideline	was	the	absence	of	the	use	of	novel	
material	 to	 test	 higher-	level	 learning	 followed	 by	 test	 stem	 struc-
ture awkwardness. Rephrasing teaching materials, like textbooks 
and course module language or expressions used during instruction 
while designing is crucial to enhance understanding by avoiding 
mere	 memorization.20	 Haladyna	 and	 Downing42	 emphasized	 that	
most	educators	prioritize	teaching	and	measuring	higher-	level	think-
ing,	underscoring	the	importance	of	crafting	content-	adherent	items	
while	avoiding	trivial	construction.	Additionally,	employing	IWGs	in	
item construction can help modify awkwardly designed items and 
improve	 test	 quality	 for	 higher-	order	 learning,	which	 is	widely	 ac-
cepted among testing specialists.20

To	evaluate	MCQ	quality,	we	combined	 the	percentage	agree-
ment and IRR. Percentage agreement is straightforward but over-
looks chance agreement. IRR accounts for chance, enhancing 
reliability and robustness.31,43,44 This integrated approach addresses 

chance agreement limitations, identifies ambiguous items, improves 
scoring consistency, and ensures test development integrity.45–47

T	 study	 revealed	 that	 40%	 of	MCQs	 addressed	 higher	 cogni-
tive	domains.	This	 suggests	 that	 the	MCQs	were	well-	designed	 to	
evaluate	 students'	 clinical	 decision-	making	 skills,	 including	 solving	
dosage	calculations,	assessing	and	formulating	patient-	specific	drug	
therapy plans, comparing drug properties, evaluating drug regimen 
effectiveness,	and	analyzing	the	risks	and	benefits	of	drug	therapy.	
Our	finding	is	higher	than	the	7.9%	reported	for	test	bank	questions	
from nursing assessments collected over five years17	and	the	28.3%	
reported for textbook test banks.15 Designing test items targeting 
higher cognitive levels can improve the creation of discriminating 
items, as suggested by Rush.16 This approach can contribute to 
strengthening the overall item quality and enriching the item bank 
for constructing PCI instruments. The remaining items were ranked 
as a lower cognitive domain focusing on recalling drug names, classi-
fications, basic facts, side effects, and interactions.

Despite	addressing	various	cognitive	domains,	none	of	the	MCQs	
were	designed	to	assess	the	domains	of	synthesis	or	evaluation.	A	
known	limitation	of	the	MCQ	format	is	its	ineffectiveness	in	evalu-
ating	higher-	level	skills	and	in	articulating	ideas	and	thoughts.	This	
limitation	stems	from	MCQs'	inherent	focus	on	selecting	correct	an-
swers from predetermined options.14,15	Additionally,	the	items	pro-
vided by experts were from available sets, with some prepared by 
students, meaning they were not specifically written for this study. 
Masters	and	colleagues	pointed	out	that	the	MCQ	format	typically	
assesses only the lowest four cognitive domains.15

The	MCQ	pilot	database	underwent	correlation	analysis	across	
quality	 assessment	 attributes,	 revealing	 that	 context-	dependent	
MCQs	significantly	showed	a	strong	positive	correlation	with	other	
quality measuring criteria, such as addressing higher cognitive do-
mains, assessing the main pharmacology concepts, and adhering 
to	 IWGs.	Considering	 differing	 interpretations	 and	 applications	 of	
correlation coefficient results in scientific research,36	 the	context-	
dependent	 item	 construction	 allows	 for	 designing	 high-	quality	
MCQs.	This	may	facilitate	the	creation	of	 items	capable	of	assess-
ing	higher-	level	thinking	skills,	and	content-	based	knowledge,	hence	
assessing	 the	 application	 and	 transfer	 of	 knowledge	 to	 real-	world	

TA B L E  4 Association	and	correlation	analysis	of	quality	assessment	instruments	attributes.

Test Attributes
Correlation test strength 
and directions

Item writing flaws (IWFs) CCP test level Cognitive domain

≤ 1 2–3 ≥4 Main/sub- concept
Minor/no 
concept Lower level

Higher 
level

Context- based format:
Yes
No

Chi-	square
Significance
Strength/direction

χ2 = 33.3,	df = 1
p <.001
Cramer's	V =.41

χ2 = 53.2,	df = 1
p <.001
Cramer's	V =.54

χ2 = 82.78,	df = 1
p <.001
Cramer's	V =.66

IWFs:
≤ 1
2–3
≥ 4

Pearson	Chi-	square
Significance
Strength/direction

χ2 = 34.7,	df = 1
p <.001
Cramer's	V = 0.42

χ2 = 36.4,	df = 1
p =.002
Cramer's	V = 0.43

CCP test level:
Main/sub-	concept
Minor/no concept

Pearson	Chi-	square
Significance
Strength/direction

χ2 = 24.9,	df = 1
p <.001
Cramer's	V = 0.37

Abbreviations:	CCP,	core	concept	of	pharmacology;	IWFs,	item	writing	flaws.
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situations. This format serves as a valuable tool for evaluating com-
plex	clinical-	based	skills.20,48,49	Likewise,	MCQs	are	effective	in	eval-
uating fundamental pharmacology concepts and show enhanced 
efficacy in evaluating higher cognitive domains.

Consequently,	 rectifying	MCQ	design	errors	 and	 standardizing	
item construction quality according to the analysis framework are 
essential steps to enhance item selection in the item bank repos-
itory for PCI instruments. Moreover, employing quality analysis 
instruments	as	a	guiding	framework	can	help	develop	high-	quality	
MCQs.	This	initiative	assists	in	developing	resources	for	evaluating	
the	concept-	based	learning	approach.1–3

6  |  LIMITATIONS AND FUTURE RESE ARCH

This	preliminary	MCQ	pilot	database	 investigation	 relied	on	 items	
submitted by a subset of international pharmacology educators, 
with additional contributions from undergraduate pharmacy stu-
dents. This raises concerns about the representativeness of the 
sample.	The	submitted	MCQs	were	designed	for	various	purposes	
tailored	to	students	across	different	degree-	seeking	programs,	sug-
gesting potential variations in the quality of item design, rather than 
being	purpose-	built	to	address	pharmacology	core	concepts.

Consequently, the next step will involve both the creation of 
dedicated questions that focus on the core concepts, as well as re-
vising,	 modifying,	 and	 conducting	 expert-	based	 validation	 of	 top-	
scoring	MCQs	from	this	project	according	to	the	analysis	framework.	
Items that adhere to guidelines, address higher cognitive domains, 
assess	 the	CCP	and	are	designed	with	a	context-	dependent	struc-
ture	will	be	prioritized	for	inclusion	in	the	PCI	instrument.	Likewise,	
items that can be potentially revised and modified with expert re-
views will also be considered. Experts will be extensively involved 
in item content validation for potential inclusion in the PCI test. This 
approach	will	assist	in	retaining	MCQs	that	can	identify	student	mis-
conceptions, assess conceptual understanding, and create resources 
for	evidence-	based	pharmacology	education.

7  |  CONCLUSION

The	MCQ	quality	evaluation	employed	an	analysis	framework	that	
blended four assessment instruments. Through this approach, global 
pharmacology content experts assessed the items, revealing varia-
bility	in	MCQ	quality.	While	a	majority	of	items	tested	the	CCP,	less	
than half effectively addressed higher cognitive levels, and often 
featured	 context-	dependent	 structures.	 The	 framework	 success-
fully	 identified	flawed	MCQ	structures,	addressed	common	errors,	
and	highlighted	item	development	integrity.	Additionally,	items	with	
context-	dependent	structures	correlated	with	higher	cognitive	level	
testing, addressing CCP and improving adherence to guidelines.

The	blended	analysis	revealed	that	MCQs	effectively	addressed	
higher cognitive domains and conveyed the core pharmacology 
course contents. Furthermore, the framework provides a systematic 

approach to develop clear, valid, and reliable test items, thereby con-
tributing	to	the	design	of	assessment	tools	for	evaluating	concept-	
based education. This structured format holds promise to create 
PCI test items, transforming pharmacology education by assessing 
content	knowledge	 in	 realistic	 scenarios.	Additionally,	 the	analysis	
framework establishes the groundwork for constructing items for 
PCI	development	and	concept-	based	curriculum	 resources,	poten-
tially	enhancing	the	quality	of	MCQs,	to	assess	critical	thinking	and	
practical knowledge application in pharmacology education.
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