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Abstract

Original Research

IntroductIon

Flipped classrooms are designed so that students prepare 
before	class,	studying	concepts	and	memorizing	key	points,	
to be able to participate in active-learning activities within the 
classroom. Students are thus expected to attain the lowest levels 
of Bloom’s taxonomy, such as memorizing and understanding, 
through	individual	work	at	home,	to	be	able	to	apply	this	new	
knowledge	 in	class.	Faculty	members	may	elect	 to	provide	
study materials in a large variety of ways but the majority tend 
to lean toward giving access to diverse types of material to 
review before class. A survey of veterinary faculty showed that 
65%	of	them	expected	their	students	to	review	materials	before	
class,	 either	paper	based	or	online,	 and	only	16%	 included	
active learning-type activities to be completed before class.[1]

Using	a	flipped	classroom	model	led	to	increased	engagement	
and greater satisfaction with learning resources in Australian 
preveterinary students.[2] In this same study, the flipped 
classroom	model	had	a	positive	effect	on	students’	academic	
performance as demonstrated by an increase in the class 

median	grade	on	the	final	examination	from	53%	to	63%.	These	
findings	were	corroborated	by	two	meta‑analysis	performed	on	
the	effect	of	flipped	classrooms	on	the	education	of	students	
in health sciences that revealed the same results.[3,4] Veterinary 
faculty	have	been	adopting	flipped	classrooms	as	well,	and	
an international survey has shown that veterinary instructors 
believed a flipped classroom technique increases active 
learning in the classroom as well as students’ engagement and 
provides them with opportunities to apply content.[1]

In	addition,	in	a	flipped	course	teaching	veterinary	professional	
skills,	North	American	 students	were	much	more	 satisfied	
with	 the	 quality	 of	 the	 course	 (62%	 strongly	 agreed	
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or	agreed)	compared	to	the	traditional	delivery	(40%	agreed	
or	strongly	agreed).	In	both	models,	however,	the	importance	
of the teaching staff for the motivation of students was 
highlighted	(67%	agreed	or	strongly	agreed).[5]

Students’	success	in	the	flipped	classroom	is	dependent	on	how	
much preparation they have done outside the classroom. If 
students do not come to class with a “prepared mind,” they are 
less	likely	to	perform	well,[2] but getting students to complete 
reading assignments has been a recurring challenge in higher 
education.	Research	has	shown	that	using	a	quiz	to	check	on	
students’ preparedness at the beginning of class is the strongest 
motivator and initiator of behavior change in students who 
were not compliant with reading assignments.[6]	More	 than	
80%	of	 the	 veterinary	 students	 surveyed	by	Gledhill	et al. 
responded that online quizzes provide a useful opportunity 
for their self-directed learning.[7]	Research	also	suggests	that	
veterinary	 instructors	 believe	flipped	 classroom	 techniques	
can encourage students’ preparation and self-directed learning 
in addition to improving students’ examination preparation. 
However, the same instructors also recognize that students’ 
lack	of	engagement	with	 the	material	or	 in	class	as	well	as	
their resistance to this new model of teaching can be strong 
barriers	to	the	success	of	the	flipped	method.[1]

If	 success	 in	 the	 flipped	 classroom	 relies	 on	 preparation,	
instructors	 need	 to	 be	mindful	 of	 the	 preparation	work	
required and the time needed to complete it. This challenge 
is exacerbated in professional degrees such as the Doctor of 
Veterinary	Medicine	(DVM)	program,	for	which	the	number	
of	credits	 students	need	 to	 take	 is	fixed	and	 the	number	of	
concomitant	classes	is	high.	As	a	result,	the	lack	of	students’	
time	to	complete	preparation	work	has	been	identified	as	the	
biggest	barrier	to	implementing	flipped	teaching	techniques	
in medical and veterinary courses.[1,8]

Little information is available regarding the time spent by 
health	sciences	students	preparing	for	flipped	courses	or	how	
they	interact	with	the	provided	material.	A	study	of	25	Dutch	
medical students found that in preclinical and clinical 
courses, given a variety of material to study from, students 
primarily chose to use web-based lectures and text readings 
to	prepare	for	a	flipped	classroom;	formative	questions	and	
clinical cases were the next most frequently used resources. 
Journal	articles	and	textbook	chapters	were	the	least	favored	
among students.[9]	Another	study	looked	at	types	of	resources	
preferred by 241 American medical students to prepare for 
an anatomy laboratory. Three-dimensional anatomy videos 
of	10	min	each	and	five	to	10	key	atlas	figures	were	deemed	
most useful by the students ahead of a class using abbreviated 
dissection instructions.[10] These results are consistent with the 
findings	 from	an	 international	 survey	 that	 found	more	 than	
60%	of	veterinary	students	use	social	video	platforms	(such	as	
YouTube	and	Facebook)	for	learning	more	than	once	a	week.	
As	a	result,	it	is	predictable	that	more	than	80%	of	veterinary	
students surveyed internationally agreed or strongly agreed that 
learning from multimedia enhanced their learning.[7]

In	conclusion,	flipped	teaching	techniques	can	be	successful	
within health science education provided that instructors are 
mindful of the time commitment expected of their students to 
prepare before class and that supporting resources are selected 
to best prepare students in that expected study time. Sparse 
information is available in the realm of veterinary education 
regarding	how	students	prepare	for	a	flipped	classroom,	what	
type of resources they favor, the learning strategies they 
use,	and	if	their	learning	organization	affects	their	academic	
success.

The objectives of this study were to determine the following:
•	 Can	a	section	of	a	veterinary	medicine	course	be	flipped	

without	increasing	the	workload	of	the	enrolled	students?
•	 How	do	veterinary	students	prepare	for	a	flipped	course?	

What type of resources do they use the most?
•	 Do	students’	learning	strategies	influence	their	academic	

success?

Methods

Educational setting and structure of the course
During the 3rd-year	of	the	DVM	curriculum,	the	students	were	
exposed to the topic of infectious swine disorders through 
18 dedicated hours that are part of a required semester-long 
large animal medicine course. Historically, this content was 
taught	as	18	face‑to‑face	lectures	of	50	min	each,	delivered	by	
seven	different	instructors.	Assessment	of	learning	objectives	
was	 accomplished	 by	 a	multiple	 choice	final	 examination	
designed by several of the instructors. In the fall semester of 
2018,	content	in	this	swine	course	was	flipped	and	organized	
based on the following model. The number of instructors 
was reduced to one to ensure consistency in the delivery of 
the course content. Based on the notes from the previous 
years,	 the	 instructor	 created	 an	 electronic	 book	 (ebook)	 in	
which each chapter focused on a disease of importance in the 
swine	 curriculum.	The	 ebook	was	 interactive	 and	 included	
embedded	questions	for	students	 to	 test	 their	knowledge	as	
they	progressed	through	the	book.	In	addition,	the	instructor	
recorded	a	short	(<4	min)	video	for	each	disorder	in	which	they	
summarized and highlighted the major points students should 
remember before coming to class. Lastly, review articles from 
scientific	 journals	were	 provided	 for	 students	who	wished	
to get more information. Out of the original 18 h provided 
for the swine section of the course, nine were allocated to 
preparation	time	for	students	and	were	blocked	out	on	their	
schedule to allow them to prepare for the next class if desired. 
The remaining 9 h were face-to-face sessions organized as 
shown in Figure 1.

Figure 1: Timeline of a typical face‑to‑face session in the flipped swine 
course
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After	the	nine	sessions,	students	were	given	1	week	to	complete	
a	2‑h	online	closed‑book	examination	 that	 that	covered	 the	
swine section of the course; it consisted of multiple choice 
questions based on the cases covered in class.

Participants
Course data were collected by the instructor and handled in 
accordance	with	the	protocol	number	00004544	approved	by	
the	University	of	Minnesota	IRB	committee.

All of the 99 3rd-year veterinary students enrolled in the large 
animal medicine course were given the option to participate 
in this study. Students were incentivized to participate by 
offering	them	one	additional	point	counting	towards	their	final	
grade	(out	of	108)	if	they	chose	to	participate	in	the	study	and	
answer the postcourse survey. The examination was graded 
automatically by the learning management system and students 
were assigned their grades before the results of the survey were 
analyzed to encourage students’ candid participation.

Instrumentalization
The	Motivated	 Strategies	 for	Learning	Questionnaire	 tool	
was originally developed to evaluate undergraduate college 
students learning strategies but has since then been extrapolated 
to medical students.[9,11]	This	tool	differentiates	nine	strategies	
as follows:
•	 Organization:	clustering,	outlining,	and	selecting	the	main	

idea in reading passages
•	 Critical	 thinking:	applying	previous	knowledge	 to	new	

situations	 to	 solve	problems,	 reach	decisions,	 or	make	
critical evaluations

•	 Time	 and	 study	 environment:	 scheduling,	 planning,	
and managing one’s study time and choosing one’s 
environment	to	do	class	work

•	 Peer	learning:	collaborating	with	peers
•	 Rehearsal:	 reciting	 or	 naming	 items	 from	 a	 list	 to	 be	

learned
•	 Effort	regulation:	controlling	effort	and	attention	in	the	

face	of	distractions	and	uninteresting	tasks
•	 Metacognitive	 self‑regulation:	 planning	 (goal	 setting	

and	task	analysis),	monitoring	(tracking	one’s	attention	
as	 one’s	 read,	 self‑testing,	 and	 questioning),	 and	
regulating	 (fine‑tuning	 or	 continually	 adjusting	 one’s	
cognitive	activities)

•	 Help	seeking:	managing	the	support	of	others	both	peers	
and instructors

•	 Elaboration:	storing	information	into	long‑term	memory	
by building internal connections between items to be 
learned.

Data collection
A survey containing 33 questions was posted on the 
course website for students to answer at the end of the 
semester [Table 1]. It was divided into three parts: focusing 
on the students’ overall satisfaction with the course, the way 
students	prepared	for	class,	and	finally,	their	learning	strategies.	
Questions regarding the overall satisfaction with the course 
were created based on standard course evaluation surveys that 

students	are	asked	to	fill	out	after	each	course	they	are	attend	
as	part	of	the	DVM	program.	Questions	regarding	preparation	
for the class and learning strategies were designed based on 
previously	published	work.[9,11]

Several statements related to each of the nine learning 
strategies were presented to the students and each of them was 
to	be	rated	on	a	Likert	scale	from	“I completely disagree” (1)	
to “I completely agree” (5).	A	total	score	for	each	learning	
strategy was calculated by adding the students’ score on the 
Likert	 scale	 for	 each	of	 the	 statements,	 and	 the	 average	of	
the total scores was used when comparing students’ learning 
strategy	preferences.	Finally,	the	final	examination	scores	for	
the swine section were collected for each of the students.

Statistical analysis
The	analysis	of	the	data	was	completed	using	SAS	9.4	(SAS,	
Cary,	USA).	The	distribution	of	final	examination	grades	was	
normal;	an	analysis	of	variance	(ANOVA)	was	completed	to	
evaluate	the	effect	of	reading	the	ebook,	watching	the	videos,	
and	reading	the	scientific	reviews	of	the	final	score.	In	a	similar	
manner,	the	effect	of	using	the	blocked‑off	hour	to	study	for	the	
swine	session	was	evaluated.	An	ANOVA	was	used	to	assess	
the	effect	of	each	learning	strategy	on	the	final	examination	
score,	and	if	significant,	a	Fisher’s	least	significant	difference	
test was used to do a pairwise comparison between multiple 
groups. Finally, a linear regression was done when the plotting 
of the data suggested that such a correlation might exist.

For	all	of	the	analyses,	the	limit	for	significance	was	set	at	0.05.

results

Ninety‑two	of	the	99	students	chose	to	respond	to	the	survey,	
resulting	in	a	93%	response	rate.

Course satisfaction
Overall satisfaction with the swine section of the course was 
high:	 93%	 (n	 =	 86)	were	 either	 satisfied	 or	 very	 satisfied	
with the course. Satisfaction with the information resources 
showed	that	95%	(n	=	87)	of	students	either	very	much	enjoyed	
or	 enjoyed	 the	 resources	 provided.	 Finally,	 75%	 (n	 =	 69)	
of students found the swine course either very valuable or 
valuable for their careers [Figure 2].

In their open-ended answers regarding what they enjoyed within 
the course, students emphasized the information resources 

Figure 2: Overall satisfaction of the students with the swine section of 
the course
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Table 1: Survey items

Topic and question type Questions
Course satisfaction

Likert scale (1‑5)
Completely agree‑completely disagree
Open‑ended

I	am	satisfied	with	the	overall	quality	of	the	swine	portion	of	the	course
The swine portion is valuable to me as a veterinary student
I enjoyed the resources that were provided to prepare for the in-class sessions
What	worked	well	in	the	swine	section	of	the	course?
What could be improved in the swine section of the course?

Class preparation

Likert scale (1‑5)
Completely agree‑completely disagree

I	prepared	for	class	by	reading	the	chapters	of	the	e‑book
I	prepared	for	class	by	watching	the	videos	in	the	e‑book
I	prepared	for	this	class	by	reading	the	optional	scientific	reviews

Allocated study time Did you use the 1 h dedicated time slots to prepare for this class? Yes/No
If not, what did you use that time for?
I studied for another class, I worked at a compensated/paid job, I worked at a non‑compensated/unpaid 
job (externships, shadowing...), I ran personal errands, Other (please explain in open‑ended response)
Regarding	the	1‑hour	preparation	time,	which	statement	do	you	agree	with	more?	I could prepare for the 
in‑class sessions in 1 hour or less./1 h was not enough time for me to prepare for the in‑class sessions

Type of learning: Organization

Likert scale (1‑5)
Completely agree‑Completely disagree

When I study the readings for this course, I outline the material to help me organize my thoughts
When	I	study	for	this	course,	I	go	over	my	class	notes	and	make	an	outline	of	important	concepts
When	I	study	for	this	course,	I	go	through	the	readings	and	my	class	notes	and	try	to	find	the	most	
important ideas

Type	of	learning:	Critical	thinking

Likert scale (1‑5)
Completely agree‑Completely disagree

I	often	find	myself	questioning	things	I	hear	or	read	in	this	course	to	decide	if	I	find	them	convincing
When a theory, interpretation, or conclusion is presented in class or in the readings, I try to decide if there 
is good supporting evidence
I treat the course material as a starting point and try to develop my own ideas about it

Type of learner: Time management

Likert scale (1‑5)
Completely agree‑Completely disagree

I	make	good	use	of	my	study	time	for	this	course
I have a regular place set aside for studying

Type of learner: Peer-learning

Likert	scale	(1‑5)
Completely agree-Completely disagree

I	try	to	work	with	other	students	from	this	class	to	complete	the	course	assignments
When studying for this course, I often set aside time to discuss course material with a group of students 
from the class

Type	of	learner:	Rehearsal

Likert scale (1‑5)
Completely agree‑Completely disagree

When studying for this course, I read my class notes and the course readings over and over again
I	memorize	key	words	to	remind	me	of	important	concepts	in	this	class
I	make	lists	of	important	items	for	this	course	and	memorize	the	lists

Type	of	learner:	Effort	regulation

Likert scale (1‑5)
Completely agree‑completely disagree

I	work	hard	to	do	well	in	this	class	even	if	I	don’t	like	what	we	are	doing
Even	when	course	materials	are	dull	and	uninteresting,	I	manage	to	keep	working	until	I	finish

Type of learner: Self-regulation

Likert scale (1‑5)
Completely agree ‑Completely disagree

I	ask	myself	questions	to	make	sure	I	understand	the	material	I	have	been	studying	in	this	class
I	try	to	change	the	way	I	study	in	order	to	fit	the	course	requirements	and	the	instructor’s	changing	style

Type	of	learner:	Help	seeking

Likert scale (1‑5)
Completely agree‑completely disagree

I	ask	the	instructor	to	clarify	concepts	I	don’t	understand	well
I	try	to	identify	students	in	this	class	whom	I	can	ask	for	help	if	necessary

Type of learner: Elaboration

Likert scale (1‑5)
Completely agree‑Completely disagree

I try to relate ideas in this subject to those in other courses whenever possible
When I study for this course, I write brief summaries of the main ideas from the readings and my class notes
I try to apply ideas from course readings in other class activities such as lecture and discussion
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provided.	The	ebook	(n	=	51)	and	the	videos	(n	=	25)	were	
often mentioned as their favorite part of the class. Students also 
appreciated the concise chapters and the short duration of the 
videos	to	help	them	fit	better	within	their	busy	schedule.	The	
flipped	format	was	seen	as	another	positive	aspect:	31	students	
enjoyed	the	preclass	quizzes,	20	appreciated	having	to	work	
in	groups	during	class,	and	25	liked	the	case‑based	exercises.

Challenges highlighted by students included issues with the 
scheduling of the course, which was at the end of the semester 
overlapping	with	“finals	week”	(n	=	58).	Twenty‑one	students	
emphasized	that	1	h	in	class	to	finish	the	exercises	and	debrief	
as a large group was too short and that the in-class period 
should	be	extended	to	1	or	1.5	h.

Student preparation for the course
Use of information resources
Most	of	the	students	(97.5%,	n	=	88)	read	the	ebook	to	prepare	
for	 the	 in‑class	 session;	 a	 lower	 proportion	 (61%,	n	 =	 56)	
watched the videos. The review articles saw little use, with only 
4.3%	(n	=	4)	reading	the	publications	before	class	[Figure 3].

Statistical	analysis	showed	that	there	was	a	significant	effect	
between	how	much	the	students	used	the	ebook	to	prepare	for	
class	and	their	final	examination	score.	Students’	examination	
score	were	higher	at	the	extremes	Likert	scores	compared	to	
the middle ones [Figure 4a]. A pairwise comparison showed 
a	significant	difference	(P	=	0.046)	between	the	group	with	

a	Likert	score	of	2	(n = 3; disagree with the statement “I 
prepared for class by reading the chapters of the e‑book”)	
and	the	group	with	a	Likert	score	of	4	(n = 26; agree with 
the statement “I prepared for class by reading the chapters 
of the e‑book”).	Between	the	group	with	a	Likert	score	of	
4	and	a	Likert	score	of	5	(n	=	62)	(strongly	agree	with	the	
statement “I prepared for class by reading the chapters of 
the e‑book”),	there	was	also	a	significant	difference	in	final	
examination	score	(P	<	0.05).

Predicted	final	examination	score	increased	with	the	students’	
level of agreement with the statement I prepared for class by 
watching the videos in the e‑book; a positive linear correlation 
was	found	between	the	Likert	score	of	the	students	regarding	
this	question	and	their	final	score	(P	=	0.014)	[Figure	4b].

No	difference	in	the	final	examination	score	was	found	based	
on	 the	students	preparing	by	 reading	 the	optional	 scientific	
reviews	(P	=	0.93).

Use of allocated time
Most	students	used	the	allocated	study	time	to	prepare	for	the	
class	(n	=	59,	66%),	26%	(n	=	23)	of	them	studied	for	another	
class,	and	3%	(n	=	3)	ran	personal	errands	[Figure	5].	Five	
students reported using the time for something outside these 
categories. In the open-ended question, all students reported 
they used the hour for personal time, focusing on their mental 
health by relaxing or exercising. There was no impact on the 
final	examination	score	based	on	what	students	did	during	their	
time	allocated	to	study	(P	=	0.37).	In	addition,	87%	(n	=	80)	
of the students reported that 1 h was enough time to prepare 
for the class.

Learning strategies
Overall,	veterinary	students	in	this	class	clustered	around	3.5	
for all of the learning strategies, except for “critical thinking 
and peer‑learning” that averaged below 3 and for “effort 
regulation” which was around 4 [Table 2].

There was no impact of the following learning strategies: 
organization	(P	=	0.07),	time	(P	=	0.95),	peer	learning	(P	=	0.43),	
rehearsal	(P	=	0.72),	and	self‑regulation	(P	=	0.13)	on	the	final	
examination score.

Figure 3: Usage of the various resources by the students to prepare 
for class

Figure 4: (a) Final examination score distribution based on student’s agreement with the statement “I prepared for class by reading the chapters of 
the e‑book.” (b) Final examination score distribution based on student’s agreement with the statement “I prepared for class by watching the videos 
in the e‑book”

ba
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the	ebook	chapters	a	 lot	or	not	at	all	performed	better	 than	
students reporting that they somewhat used it.

However, a positive correlation between the use of videos to 
study	and	student’s	final	examination	score	was	found	in	this	
study. This might best be explained by the concise format 
of the videos, which permitted students to identify the most 
important points related to each of the diseases and prioritize 
their learning.

Not	many	students	used	 the	 review	articles	provided.	Each	
review article was more than 10 pages long, and reading them 
might have felt too time-consuming for the students, especially 
during	 a	 busy	 time	 such	 a	 “finals’	week.”	This	would	 be	
consistent	with	findings	from	a	medical	program.[9]

Almost a third of students commented in the open-ended 
questions on the value of quizzes at the beginning of class to 
make	them	accountable	or	to	help	them	learn	the	material.	This	
finding	aligns	with	previously	published	literature.[7]

When students prepared for the course did not impact their 
academic	success	but	having	dedicated	time	blocked	in	their	
schedule was deeply appreciated, especially by students who 
used	the	hours	to	take	care	of	their	mental	health.	A	recent	survey	
has shown that around a third of veterinary students participating 
had clinical levels of depression or anxiety.[12]	Mental	health	
issues have become a priority for veterinary organizations across 
the	world.	In	2018,	the	American	Veterinary	Medical	Association	
and	the	Royal	College	of	Veterinary	Surgeons	released	a	joint	
statement committing themselves to “reduce the stigma and 
prejudice around mental ill-health through education, advocacy 
and	access	to	services	(….and)	to	promote	a	safe	and	supportive	
culture	in	which	individuals	are	able	to	seek	appropriate	help	
and	ultimately,	flourish.”

Promoting students’ well-being and mental health needs to 
be a priority in veterinary schools, and one way to achieve 
this	 could	be	by	monitoring	 students’	workload	 throughout	
the	curriculum	and	maintaining	a	constant	work	requirement	

There	was	 also	 no	 significant	 impact	 of	 the	 self‑disclosed	
critical	 thinking	 learning	 strategy	 on	 the	final	 examination	
score	 (P	 =	 0.407).	A	bimodal	 distribution	 of	 the	 data	was	
observed when the data were graphically represented with a 
box plot however [Figure 6]. If students were separated into 
two	 subcategories	 (those	who	 self‑reported	 a	 high	 critical	
thinking	 score	 of	 ≥9	 and	 those	who	 reported	 a	<9	 score),	
the	 group	with	 the	 higher	 critical	 thinking	 score	 showed	 a	
significantly	higher	final	examination	score	(P	=	0.024).

There	was	 a	 positive	 linear	 correlation	 between	 the	 final	
examination	score	and	the	effort‑regulation	score	reported	by	
students	(P	=	0.038).	Indeed,	the	expected	score	on	the	final	
examination was higher for students who strongly agreed with 
using	an	effort‑regulation	learning	strategy.

dIscussIon

Students	enjoyed	the	flipped	swine	course	and	the	information	
resources	provided.	This	finding	is	in	agreement	with	previous	
literature that students in health sciences enjoy this model of 
teaching.[3,4]

While	most	students	took	advantage	of	the	e‑book	chapters	
and their associated videos to study the material, the impact 
as a learning strategy was unclear. Students who either used 

Table 2: Learning types score average

Learning type Mean (95% CI)
Organization 3.46	(3.25‑3.68)
Critical	thinking 2.91	(2.77‑3.05)
Time 3.63	(3.46‑3.80)
Peer learning 2.96	(2.80‑3.12)
Rehearsal 3.32	(3.16‑3.47)
Effort	regulation 3.96	(3.84‑4.08)
Self-regulation 3.54	(3.38‑3.71)
Help	seeking 3.52	(3.38‑3.67)
Elaboration 3.61	(3.48‑3.74)
CI:	Confidence	interval

Figure 5: Usage of the 1‑h self‑study time
Figure  6: Final examination score distribution based on the total 
critical‑thinking score
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before	and	after	flipping	a	course.	In	this	study,	 the	limited	
amount	of	content	was	helpful	in	designing	a	flipped	course	
that	 did	 not	 add	 to	 the	workload	 of	 students.	 Fifty‑minute	
face‑to‑face	 sessions	 including	 a	 short	 quiz,	 feedback	 on	
the	quiz,	group	activities,	 and	a	debriefing	of	 the	 activities	
however gave some students the feeling of being rushed. In 
the 2nd	 year,	 this	 course	was	offered	using	flipped	 teaching	
techniques; the instructor extended the face-to-face sessions to 
1.5–2	h	depending	on	the	activities	needing	to	be	completed.	
Curriculum committees in veterinary colleges should remain 
vigilant and consider preparation time carefully, when new 
courses	are	proposed	to	be	flipped.

Motivated	 learning	 strategies	were	 first	 identified	 in	 the	
1990s, in undergraduate college students and then been 
extrapolated to medical students to identify what cognitive 
and metacognitive strategies students put in place to succeed 
in a course and how they leverage their resources.[9,11] This 
study revealed that some student learning strategies were 
more	successful	than	others.	Effort	regulation	strategy	can	
be	 defined	 as	 “controlling	 effort	 and	 attention	 in	 the	 face	
of	 distractions	 and	 uninteresting	 tasks”.[11] Students who 
self‑reported	as	using	an	effort	regulation	strategy	to	learn	
the	material	performed	better	than	other	students,	reflecting	
the	propensity	 to	 focus	on	 the	end	 task	even	 if	 they	were	
not particularly interested in the topic. Only a handful of 
veterinary	 students	 in	 each	DVM	class	 report	 a	 desire	 to	
practice	 swine	medicine	 on	 graduation	 (internal	 reports,	
University	of	Minnesota).	As	a	result,	some	learners	may	feel	
like	the	topic	is	less	relevant	to	them	and	require	significant	
effort to stay focused on and interested in the preclass 
preparation	work.

The other successful learning strategy revealed by this study 
was	critical	thinking,	defined	as	applying	previous	knowledge	
to new situations. Students who self-reported a high score in 
critical	thinking	would	tend	to	perform	better	on	their	final	
examination than other students. This could be explained 
by a higher level of understanding of the material. Indeed, 
following Bloom’s taxonomy, students only manage to draw 
connections between ideas after they are able to remember, 
understand, and analyze the content they are learning.[13] In 
this aspect, it does not seem surprising that students who are 
able	to	link	concepts	across	classes	perform	better	than	their	
counterparts.

Some limitations of this study include that no control group 
was included in the study design. There is only one cohort 
of	 students	 taking	 this	 course	 each	 year,	which	 prevented	
the creation of concomitant control and treatment groups. 
Therefore, inferences based on the results need to be drawn 
carefully. Then, only a small portion of the course was 
taught	 using	flipped	 techniques,	 representing	 only	 18	 h	 of	
lectures	before	being	flipped.	The	limited	amount	of	content	
was	helpful	 in	designing	a	flipped	course	 that	did	not	 add	
to	the	workload	of	students.	In	addition,	motivated	learning	
strategies were self-reported by students on the survey. It is 
possible that some learners adjusted their answers to those 

they felt were more appropriate rather than confess their actual 
approach	(e.g.	using	their	reserved	time	for	personal	errands)	
to learning the content.

conclusIon

Using	flipped	teaching	techniques	for	a	swine	medicine	course	
was	well	 accepted	by	 the	DVM	students.	Overall,	 students	
enjoyed the sessions and the information resources provided. 
Flipping	 the	 course	without	 increasing	 students’	workload	
proved to be a challenge. Fifty-minute sessions were too short 
to	 include	a	knowledge	check	and	 its	 feedback,	case‑based	
activities,	and	their	debriefing.	Veterinary	students	prepared	
for	class	by	reading	the	ebook	chapters	and	watching	videos	
provided by the instructor during the allocated time in their 
schedule. Students who were able to focus on the content 
despite	 distraction	 or	 lack	 of	 interest	 as	well	 as	 students	
applying	knowledge	between	courses	were	the	most	successful	
on	the	final	examination.
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