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Objective. To review the types of pre-class learning modalities used in flipped classrooms (FC) and
team-based learning (TBL) and determine best practices.
Findings. Forty-eight articles were included. Reading materials or video lectures were used most often
as the primary modality to deliver the pre-class learning. Students favored assignments that have clear
objectives, provide guidance, are guided, and are brief.
Summary. This study describes how pharmacy schools and colleges are implementing FC into their
curricula and the types of pre-class learning that are being developed and assigned with the imple-
mentation. More research should be done in comparing the impact of different types of pre-class
material on learning outcomes, such as knowledge retention. This is especially important in FC settings
because the in-class learning and higher order activities are built upon having a good foundational
knowledge, which comes from the pre-class learning.
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INTRODUCTION
Over the past two decades, there has been a major

shift in the college classroom. The traditional, lecture-
based pedagogy has evolved to a “flipped classroom”
(FC) paradigm that shifts foundational learning from in-
side to outside of the classroom. Additionally, “team-
based learning” (TBL) is a type of FC that adopts a
small-group oriented, collaborative, and interactive
learning approach.1 In the traditional model, new con-
cepts are introduced to the students during class by an
instructor-led lecture. Then, students are assigned home-
work outside of the classroom to apply the newly acquired
material. In FC, students are held accountable for their
own learning through completion of a pre-class learning
assignment that covers the lower levels of cognition,
according to Bloom’s revised taxonomy (recall of facts
and basic concepts).2 Instead of the classroom serving as
the first time when students are introduced to a topic,
classroom time in FC allows for higher order cognition
(application, analysis, evaluation, and creation).With this
approach, what was once thought of as homework is
moved into classroom time. This allows the classroom
to serve as an active learning environment where students
can work through more complex cases with the added
benefit of learning from peers and receiving direct guid-

ance from instructors. The growth of this new pedagogi-
cal approach is multifactorial. Whether it was the need to
keep this generation of learners better engaged or feed-
back from employers wanting college graduates to have
human interaction and problem-solving skills, a lot of
data has emerged on the adoption of FC not only in un-
dergraduate courses but also in graduate and professional
education. There are a variety of different approaches to
implementing an FC, however the application of TBL as
outlined by Michaelsen and colleagues is commonly ref-
erenced and modeled, especially within the health sci-
ences.1 The sequence of activities for TBL follows the
general pattern of FC, beginning with pre-class prepara-
tion by the student. Then, the in-class portion begins with
a readiness assessment based on the pre-class assignment.
Once the initial assessment is complete, students work in
groups on problems ranging in complexity, followed by a
review of key points, and a final graded problem to solve.
In thismodel, knowledge acquisition occurs outside of the
classroom before the scheduled class session and the
learning assessments are moved into the classroom time.

Studies have shown that FC improved student per-
formance on assessment scores, in addition to receiving
positive student and faculty feedback.3-5 Reviews have
been published highlighting best practices for implement-
ing FC and TBL.3-5 However, there is a gap of knowledge
regarding the specific types of pre-class assignment mo-
dalities and whether they influence student performance
and perceptions of the FC approach. FC relies heavily on
pre-class learning material to deliver the foundational
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knowledge for students. Therefore, the goal of this review
is to explore what pre-work modalities have been used in
various implementations of FC and whether there is an
impact observed on student learning based on the differ-
ent platforms.

METHODS
A review exploring the literature on the pre-class

learning materials assigned in FC and TBL courses was
conducted. To identify studies that were relevant to this
review, the authors first defined FC and TBL to include
the assignment of preparatory work before class and ac-
tive learning in the classroom to build upon foundational
knowledge. The authors searched PubMed and EMBASE
databases inOctober 2017 for articlesmeeting the follow-
ing inclusion criteria: the article detailed the pre-work
modality assigned; the article presented data evaluating
the FC or TBL approach, whether it was on learning out-
comes and/or student perceptions; and full texts of the
articles were accessible. The abstracts of all articles de-
rived from initial searches were read and articles that fit
the selection criteria were included to be read in full.
When an article included multiple types of pre-class
learning, the data were included under the type of pre-
class learning that was most strongly associated with out-
comes.

RESULTS
The initial search yielded 97 original candidate arti-

cles, but after abstract review, 48 articles remained eligi-
ble for inclusion. Common reasons for article exclusion
were the type of pre-class learning was not specified and
in-classroom active learning was not provided. After
reading the full articles, seven additional studies were
excluded for reasons including lack of specific pre-class
learning specification and lack of evaluation of the imple-
mentation of the FC or TBL. As a result, 41 articles were

selected for inclusion in this review. Most of the reports
were in undergraduate science courses or health profes-
sions with the number of studies from each discipline
displayed in Figure 1. Figure 2 illustrates the number of
articles that mentioned each type of pre-class learning
modalities used in the literature.

Reading Assignments
Textbook Readings. Twenty-seven of the articles

used reading assignments as the delivery platform for
pre-class learning when implementing FC.6-33 Eight of
these studies with reading assignments used textbook
readings, more specifically, as the only type of pre-class
learning.6,7,11,12,21,28,31,32

Burgess and colleagues looked at the effects on
knowledge acquisition and retention and also student per-
ception after the implementation of TBL in a medical
anatomy course.6 Forty-two senior medical students were
split into teams of five to six students and were assigned
pre-class reading from the anatomy course manual for
each day. In-class dissection practical examinations were
held, and the primary outcome measured was the ac-
quisition of knowledge as measured by standardized
practical assessments. These assessments, each with a
maximum score of 20, were administered pre-course
(baseline knowledge), mid-course, end-course, and
post-course. Statistical analyses compared the pre-
course scores with the latter assessment scores as a
marker of acquisition and retention of knowledge.
The median post-course assessment score significantly
improved compared to the pre-course assessment score
(19.5/20 vs 9/20, p,.001) showing that the course con-
tributed to an increase in knowledge in this subject.
Additionally, 71% (n520/28) of the students who com-
pleted a questionnaire at the end of the course believed
the completion of the prescribed pre-class readings
assisted in their in-class learning and group work.

Figure 1. Disciplines Describing Pre-Class Learning with Flipped Classrooms.
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Despite the small sample size, this study showed that
textbook pre-readings may be an effective modality of
delivering foundational knowledge to prepare for TBL
sessions.

In another study, Burgess and colleagues reported
results from the implementation of TBL in year 1 of a
problem-based learning (PBL) medical program.7 They
identified that PBL, although the traditional form of
teaching within medical education, was resource inten-
sive, requiringmore tutors-to-student ratio. Therefore, the
authors studied the efficacy of TBL in 20 first year med-
ical students, due to the advantages that TBL offers in
retaining the small group teaching and learning environ-
mentwithout the large requirement of tutors. The students
completed four weeks of cardiology PBL in groups of 10,
where one student facilitated a 1.5-hour PBLandone tutor
facilitated a 1.5-hour PBL per week. Two iterations of
PBL were then converted to TBL format. The same
PBL groups of 10 students each were then combined to
form one TBL class, divided into four teams of five stu-
dents. The TBL sessions were 1.5 hours each in duration
with one session held each week. There were assigned
pre-class readings before the TBL session. The specific
TBL sessions included individual readiness assurance
tests (IRAT), team readiness assurance tests (TRAT), im-
mediate feedback from the supervisor who went through
each question, and a problem-solving activity. Finally, a
questionnaire was distributed to all participants immedi-
ately following the first two cardiology PBL sessions and
immediately following the first two cardiology TBL ses-
sions to evaluate students’ perceptions of the course’s key
performance measures. There was a significant improve-
ment in students’ IRAT scores from week 1 to week 2 of
the TBL sessions (p5.004). Students rated all aspects of
the TBL process between three and five (15strongly dis-
agree, 55strongly agree), including teammembers’ com-
pletion of the pre-class reading assignments. A positive
viewpoint of the TBL implementation was that students
felt “being forced to do pre-reading/pre-study made

[them] feel more confident during the TBL session.”
The students found the IRATs and TRATs difficult but
motivating and engaging, and also liked the immediate
feedback they received in the TBL sessions versus the
PBL sessions. However, in the survey results describing
the worst features of TBL, 32% (n56/19) of the students
felt that more specific pre-class reading material was
needed. Limitations of the study include the small sample
size and that only two iterations of TBL were analyzed.

McMullen and colleagues and Saunders and col-
leagues had similar feedback from nursing students and
medical residents when implementing FC or TBL.28,34

While the students in both studies considered the pre-class
readings to be useful in preparation for the class session,
common suggestions were to have fewer, more specific
readings and not to provide excessive readings. The study
by McMullen and colleagues was in a residency training
program for 44 psychiatry residents. The course was a
didactic module that was converted to a TBL module.
The residents were given objectives and pre-session read-
ings, administered RATs, and given application activi-
ties. After the final session, residents were asked to
complete a questionnaire about their experiences of
TBL. Twenty-nine of the 44 residents responded to the
survey, and 100% of them agreed or strongly agreed that
TBL had improved their knowledge of addiction psychi-
atry and improved their clinical skills. However, there
was feedback that other professional and personal de-
mands competed with the demands of the reading assign-
ments and therefore, the readings were not always
completed. Other studies that implemented reading as-
signments as the primary pre-class learning similarly
showed positive feedback from students on their learning
and perception of FC or TBL implementation.11,12,31,32

Guided Readings. Some of the studies with assigned
pre-class readings deviated from traditional textbook
readings and provided some sort of handout or worksheet,
instructor-developed texts, or other reading guides as the pre-
paratory learning material.17,23-25,27,33 Lieu and colleagues

Figure 2. Types of Pre-Class Learning.
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investigated the effect of reading guides provided along with
readings versus textbook readings alone on examination per-
formance and motivation to complete the pre-class assign-
ment in an undergraduate introductory biology course.17 This
was explored based on the theory that students usually do not
read textbook assignments and that they may be more en-
gaged in the required reading if a reading guide was created.
The reading guides ranged from two to five pages in length
and consisted of defining terms, explaining concepts, making
tables and drawings, and/or answering in-chapter textbook
questions. Students were directed to read or skip specific
pages, sections, figures, or tables as necessary. The comple-
tion of the reading guide was not required and was posted on
the course website at least one week before the class day.
Results from this study showed that.80% of students com-
pleted the reading guides before class and additionally, there
was a significantly positive correlation between full comple-
tion of the pre-class reading guide and examination perfor-
mance. This highlights that the reading guides proved to be a
motivation for students to get through the assigned readings
andhad a positive correlationwith examination performance.

A studyexamined theeffectivenessofTBLonnursing
students’ perceived teamwork and academic performance
at a university in South Korea.24 It was a prospective,
pre- and post-test design that enrolled a sample of 72
second-year nursing students. All students received writ-
ten material on a double-sided sheet of paper that sum-
marized the learning outcomes of the class topic one week
prior to class. The total time required for this pre-class
preparation method was approximately 30-45 minutes.
After administering IRATs andTRATs, the instructor gave
immediate feedback. Results showed significant improve-
ments in themean scores of students’ perceived teamwork.
While the study focused on the benefit of TBL in building
team-efficacy and team-interpersonal skills, an additional
finding was that IRAT scores correlated significantly with
student performance on the examination. This shows the
importanceofpre-classpreparation andself-directed learn-
ing to build a solid foundation of knowledge for students to
learn the material.

Persky and colleagues reported on the implementation
of a modified TBL in a physiology course for pharmacy
students.36 The pre-class assignments were instructor-
developed readings that summarized major concepts from
the course textbooks. They were,16 pages in length with
an average word count of 5,300 per reading assignment,
including learning objectives, graphs, tables, and figures.
Sometimes review articles and primary literature served
as additional resources, when appropriate. When these
modalities were included as part of the TBL format, there
were significant increases in scores for basic foundational
and applied questions, and positive student survey results

compared to the traditional lecture format. Regarding the
type of pre-class reading assignment, 85% of students
agreed with having a strong preference for abridged pre-
class assignments and instructor-developed notes com-
pared with entire book chapters.

Another FC implementation with similar student
perceptions on pre-class reading assignments was from
a study by Veeramani and colleagues for first year med-
ical students in a neuroanatomy course.33 Web source
study aids related to neuroanatomy, neuropathologymod-
ules, and relevant clinical neuroanatomy textbooks were
provided as the pre-class learning component. Students
were divided into five groups and pre- and post-tests were
designed to test the declared learning objectives of the
session. Student perception was also evaluated regarding
the model of teaching and learning. Out of 130 students
who answered the survey, 92% felt that a worksheet with
questions provided prior to class enabled better under-
standing of the subject. Additionally, 87% felt that web
sources with references promoted greater interest to read
as compared to didactic lectures.

Two studies lookedmore specifically at the effects of
the quality and quantity of reading materials assigned to
students as pre-class learning.18,25 McDonnell and col-
leagues conducted a study in an undergraduate biology
course and looked at the difference in student perfor-
mance between a group of students that was assigned
pre-class reading with new terminology (“jargon”), versus
a second group that was exposed to concepts first with-
out the jargon. “Jargon” was defined as technical vocabu-
lary terms used in science that are not always intuitive to
a novice. The two groups performed the same on the
multiple-choice assessment questions; however, the group
that had the reading without the jargon had 1.5 times and
2.5 times more correct arguments on the free-response
questions about concepts. Persky and colleagues looked
at the impact of instructor-developed reading material on
the amount of time spent preparing for the TBL session in
an FC pharmacokinetics and physiology course for phar-
macy students.25 They found that self-reported study time
was positively correlated with word count, the number of
tables and figures, and overall page length. However, the
students’ self-reported study time was about four times
greater than the time predicted by simple word count.
These two studies show that there may be many factors
influencing the type and quantity of pre-reading assign-
ments. This can have effects on student performance, as
well as time spent on the material, and therefore should be
considered when developing pre-work material.

The limitation of these studies was the lack of direct
correlation between the type of pre-work and learning
outcomes. However, when these reading guides were
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used as part of the TBL format, it proved to be an accept-
able learning modality that motivated students to com-
plete the pre-work assignment, and ultimately had a
positive correlation with examination performance.
Therefore, summarized and concise guides as pre-class
material may be a good way to prepare students for FC
courses.

PrimaryLiterature/Guidelines. Chokshi and colleagues
used primary literature as the sole source of pre-class
learning for a medical resident workshop on teaching that
implemented the FC approach.8 This was an intensive
one-day curriculum that included four one-hour work-
shops. Prior to each workshop, articles were prescribed
as preparatory learning. Pre- and post-workshop objective
structured teaching examinations (OSTEs) and attitudinal
and self-efficacy teaching questionnaires were used by
the authors to evaluate the curriculum. Resident mean
performance showed statistically significant short-term
improvement on all three core skills taught in the work-
shops: giving feedback, teaching a skill, and orienting a
learner. Resident ratings also indicated positive attitudes
of themselves as more effective teachers after the training.
This shows a successful implementation of primary litera-
ture used as pre-class learning material to this group of
medical residents in providing foundational knowledge.
The rest of the studies that assigned readings from primary
literature or guidelines did so as supplementary to other
types of pre-class learning materials.9,16,23,30,35,36

In an antimicrobial stewardship elective for phar-
macy students,Gauthier and colleagues assigned readings
from peer-reviewed publications and from relevant sec-
tions of the Infectious Diseases Society of America/Soci-
ety for Healthcare Epidemiology of America (IDSA/
SHEA) guidelines.9 This was supplemental to a pre-
recorded 30-45 minute didactic lecture as pre-class prep-
aration. On a post-course survey, students’ perceived
ability to define, identify, participate in, and appraise lit-
erature of antimicrobial stewardship was significantly en-
hanced after the completion of the course (p,.001),
showing a positive influence of primary literature and
guidelines as supplemental pre-class learning material.
In a study on the FC approach for teaching emergency
medicinemedical staff, Tan and colleagues used a variety
of pre-class learning materials including readings, pod-
casts, videos, clinical guidelines, notes, websites, blog
posts, and manuscripts.30 In the final survey on the
perceived utility of the learning materials, the clinical
guidelines and research articles received a median rat-
ing of four out of five (15not useful at all; 55extremely
useful), similar to the ratings for videos and podcasts.
These all ranked higher in utility than original research
studies, case reports, and medical textbook readings

which, all received a median rating of three. Comments
about the pre-reading included that it “encourages us to
review and keep up-to-datewith currentmed literature, an
important part of continuing medical education.” How-
ever, barriers to completing pre-session learnings, regard-
less of modality, were similar to findings from other
studies, and included work and family commitments, per-
ceived lack of time, examination preparation, and high
volume of learning materials. Similar sentiments were ob-
served in a studybyO’Connor and colleagues in a pharmacy
self-care course.23 The delivery of pre-class learning con-
sisted of primary literature, as well as chapters from the
course textbook, with study guides provided. The readings
were typically between 15 and 35 pages per class session.
Although students achieved significantly better academic
grades with this new small-group course format, compared
to the previous large lecture-based class, students suggested
shortening the pre-class reading assignments.

Again, limitations of these studies include the use of
student perception rather than a direct measure on student
performance. Also, when academic grades were mea-
sured as an outcome, it was difficult to conclude whether
the improvement was attributed to the new small-group
course format or the pre-class learning assignment.

Video Lectures
The secondmost prevalentmodality of pre-classma-

terial, following readings, was recorded video lectures.
Fifteen of the studies used some sort of video to deliver
the preparatory learning including recorded lectures,
voice-overMicrosoft PowerPoint (Redmond,WA) record-
ings, KhanAcademy (Mountain View, CA)-style recorded
slides with digital inking, and podcasts.9,10,16,20,22,30,36-43

Video lectures seem to be an acceptable modality of pre-
class learning delivery based on positive student percep-
tions on student performance following implementation of
FC. Most of the video lectures were less than 60 minutes
and some were broken down into even shorter segments.
The videos that were greater than 60 minutes were gener-
ally negatively received. Benefits perceived by students to
the video recordings were that the materials were often
more succinct and that there is the ability to pause, rewind,
and re-watch the lectures. Some of the negative experi-
ences included videos that were too lengthy or took longer
than predicted by the professor due to difficulty of the
material, technical difficulty accessing the videos, redun-
dancy from the pre-class recording and in-class teachings,
and getting twice the amount ofmaterialswhen completely
new materials were introduced in class but were not men-
tioned in the video lecture.

In two pathophysiology and therapeutics course
modules on viral hepatitis and clinical pharmacokinetics
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of aminoglycosides for pharmacy students,Woodruff and
colleagues implemented interactive e-lectures, electronic
lectures available online, with use of screencasting and
embedded assessment questions that ranged from 11 to 45
minutes as pre-class preparation.44 Screencasting is a type
of e-lecture that incorporates digital recording of com-
puter screen actions with audio narration, eg, PowerPoint
slides with voice-over. These e-lectures allowed students
to stop, restart, replay, and skip sections. Assessment
questions were embedded within the lectures to provide
students immediate feedback on their understanding of
the material. The primary objective of the study was to
compare students’ test performance before and after the
creation of these course modules using the advanced
screencasting with embedded assessments. Secondary
analysis included performance on test questions catego-
rized based on Bloom’s taxonomy, student satisfaction
with the use of e-lecture technology, and the amount of
time spent completing the e-lectures. Before the imple-
mentation of the e-lecture pre-class preparation, this class
was taught with pre-class reading assignments designed
to take 1 to 2 hours to complete. To encourage completion
of the pre-class readings, unannounced quizzes were
given during the class session. The average score on ex-
amination questions was 91% in 2013 and 87% in 2012
(p,.001) showing that students performed significantly
better with the implementation of the e-lecture pre-class
learning materials. Students also showed a preference for
the e-lectures over traditional reading assignments on
survey questionnaires. Suggestions for improvement
were to have the e-lectures shorter in length or provide
a series of shorter clips. As with many of the other studies
using electronic platforms, there were students who faced
technical difficulties while trying to access the e-lectures.

In a study that implemented FC in a renal pharma-
cotherapy module to assess the impact on pharmacy stu-
dents’ performance and attitudes, lecture content in the
form of vodcasts were provided for students to review
prior to the in-class activity. Vodcasts were course lec-
tures that were originally performed live in the previous
year (2011) and made available for viewing on Apple
iTunes U (Cupertino, CA) platform. A comparison was
conducted of student performance on final examination
questions between 2011, when students attended the tra-
ditional lecture, and 2012, when the vodcasts were imple-
mented as pre-class preparation. Summed examination
scores in 2012 were higher with a mean and standard de-
viation (SD) of 81.6 (4.4) and a range of 43-100 than in
2011, which had a mean and SD of 77.7 (4.7) and a range
of 43-100.Ninety-six percent of the students either agreed
or strongly agreed that viewing the pre-recorded lectures
prior to class was important, and 90% of students agreed

that the instructor made meaningful connections between
topics in the pre-class preparation and in-class activity.43

It is notable that in several of these studies, the ben-
efit of aligning the pre-class and in-class learning objec-
tives was emphasized as contributors to successful FC
implementation. For example, Lichvar and colleagues
evaluated the integration of a virtual patient activity in a
required pharmacy therapeutics course already using an
FC teaching format. Although this study was evaluating
the implementation of a virtual patient activity compared
to written cases, a notable difference between the two
cohorts was that the authors presented learning objectives
to the students who experienced the pre-class video lec-
ture and in-class virtual patient case, but not to students
who received written cases. The median examination
scores were higher in the group that received the virtual
patient case and learning objectives than the group that
only received awritten patient case.38 Although this study
was not a direct comparison on the effect of learning
objectives and focusedmore on the in-class virtual patient
case, 68% of the students perceived that the in-class ac-
tivity helped apply the knowledge gained in the pre-class
video lecture. Part of the positive student perception may
have to do with the fact that through the learning objec-
tives that were created along with the virtual patient case,
students clearly understood how the in-class and pre-class
learning materials correlated and the importance of com-
pleting the pre-class work. A limitation of this study was
the inability to correlate the aligned learning objectives as
the single contributing factor leading to the improvement
in scores due to the many other existing variables.

Limitations to these studies were that they mostly
measured the various pre-class learning materials and
student perception rather than performance. Due to this
limitation, it is difficult to say that video pre-class learn-
ing materials itself has a positive impact on student per-
formance. However, across many of the studies, students
reportedly had positive perceptions to this modality of
pre-class preparation. Therefore, videos may help stu-
dents to be engaged and motivated to complete the mate-
rials prior to in-class assignments.

Other Materials
Eleven of the studies in this literature review used

alternative methods to reading assignments or video lec-
tures for pre-class learning.13,16,19,26,30,36,40,44-47 In a
course for graduate students taking public health, Galway
and colleagues integrated an FC using NextGenU.46

NextGenU is an online resource of courses that includes
learning resources, peer activities, discussion forums, and
quizzes. This, in addition to journal articles, videos, and
websites from reputable sourceswere all used as pre-class
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learning material. The mean examination scores between
the traditional lecture versus NextGenU/FC classes were
similar; however, students rated the NextGenU and FC
settingmore highly as a positive learning experience with
an increase in self-perceived knowledge. Khanova and
colleagues implemented FC in a psychiatry/neurology
pharmacotherapy course for third-year pharmacy stu-
dents using interactive, text-based online modules with
a series of linked webpages, interactive assessments, and
discussion forums as pre-class preparation.46 Pre- and
post-course surveys were administered to examine stu-
dent perceptions of their learning experiences with the
FC. Contrary to the positive perceptions in the study by
Galway and colleagues, only 28% of participants agreed
or strongly agreed that the pre-class modules enhanced
learning. However, 59% of students agreed or strongly
agreed that the assessment questions embedded within
the online modules enhanced learning. The online mod-
ules were valued as a comprehensive resource and refer-
ence, but students were concerned that the modules
contained too much information and required too much
time to read. Students’ suggestions for improvement in-
cluded: reducing the length of the online material and
modules, having clearer direction as to what material
was essential versus supplemental, having professors de-
velop study guides or drug tables, having video lectures as
an alternative to text-based modules, and starting each
class with an instructor-led review of key concepts and
allowing students to ask questions.Another study byKha-
nova and colleagues implemented an online interactive
module with e-textbook readings as pre-class preparation
inmultiple FC courses in a single pharmacy curriculum.36

The most notable comment regarding the online module
was that students found it difficult to learn frommaterials
that were described to be full of errors and confusing
words. Therefore, students expressed an expectation that
pre-class learning materials should be “carefully crafted”
and “made specifically for the flipped classroom.”

Another study that demonstrated that students care
about the quality of the online, pre-class learningmaterial
was by Saunders and colleagues, who implemented FC in

a nursing program.47 Students were assigned multimedia
e-learning resources. Students appreciated and found use-
ful the quality of the online content, interactive tutorials,
and online quizzes. Common suggestions were to incor-
porate more e-learning resources. Across many of these
studies, students seemed to appreciate the use of assess-
ment questions and quizzes through the online modules.

As with other modalities of pre-class learning, most
of the studies measured student perception rather than
performance making it difficult to know the direct impli-
cation of these pre-class learning materials on knowledge
acquisition and retention. However, students do give
helpful feedback and ways to improve the materials to
fit their learning style. Also, when a certain pre-class
learning method is received positively, it may be a good
motivator for students to complete the pre-class learning
as assigned.

DISCUSSION
In general, the studies in this review were limited by

a lack of data regarding learning outcomes and reliance on
students’ perceptions of the benefits of the pre-class learn-
ing activity. Based on the available literature, the authors
have drafted a list of “best practices” to approach pre-
class learning materials for FC approaches (Table 1).

Align learning objectives. It is important to align the
objectives of the pre-class learning materials with the in-
class learning assignments. This bridges the gap between
the independent study materials with their application in
class. As mentioned previously, several studies demon-
strated the benefit for students in aligning learning objec-
tives and making meaningful connections between
pre-class and in-class learning.Although there is no direct
comparison, when there were FC implementations with
well-aligned learning objectives or instructors that made
connections between the pre-class and in-class activities,
students’ perceptions and median examination scores
were higher, and student feedback reflected an under-
standing of the importance of completing the pre-class
activities.38 Aligning the objectives not only bridges the
information from pre-class learning to application for

Table 1. Best Practices for Pre-Class Learning Materials

Align pre-class learning materials with learning objectives
Avoid replicating material from pre-class learning during in-class learning
Provide specific guidance for pre-class learning materials
Be conscientious of preparation time and other demands on students’ time (eg, other courses, work, family, etc.)
Include assessments within pre-class learning materials
Allow time at the beginning of class for students’ questions and summary of key concepts
Hold students accountable for pre-class preparation
Provide access to pre-class learning materials in a timely fashion
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students, it also shows them the importance of completing
the pre-class learning material to have the foundational
knowledge to build upon for the in-class activities.

Avoid redundancies and double-lecturing. Ensure
that the in-class activities build upon the pre-class learn-
ing but are not a replication of the pre-work. Students have
voiced concern when there are redundancies, and that
may decrease motivation to complete the pre-class learn-
ing if the material will be re-taught in the in-class ses-
sion.36 It is also important not to teach completely new
materials during the in-class activities, which may give
students the impression they are receiving “double lec-
tures” between the pre-learning and in-class materials.

Provide specific direction or guide for pre-class as-
signments.Many of the studies looking at FC showed that
students appreciate, and therefore may gain more, from
directed pre-class learning assignments. Whether it is an
instructor-created text for readings, objectives, or even a
study guide worksheet, it is a common theme that students
need and appreciate more guidance and direction in their
pre-class learning assignments.7,17,20,46,47 A study directly
comparing the use of reading guides versus traditional text-
book readingalone found that the readingguidesmotivated
and helped students get through assigned readings, which
had a positive correlationwith examinationperformance.17

Be conscientious of the time it may take students to
get through the pre-class materials. Studies have shown
that currentmethods of predicting the time it takes students to
get through readings and recorded video lectures are not ac-
curate and that preparation time is usually underesti-
mated.25,36 Therefore, it may take more than just looking at
word count for readings and length of the video for record-
ings.While it is notpossible topredict thepreparation time for
each student, it is important to get student feedback and to
adjust accordingly. It is also important to consider other out-
side time commitments, including other FC courses students
are taking simultaneously, which may compete for time and
result in fewer students completing the pre-class learning.
Steps must be taken when implementing FC to ensure stu-
dents have adequate time to complete the preparatory mate-
rials and that the assignments are an acceptable length.

Include assessments within the pre-class learnings.
Several of the studies included assessments throughout the
pre-class material and students had positive perceptions
regarding that approach.19,39,46,47 This is a way of provid-
ing immediate feedback to students and to help clarify key
points within the material. Immediate feedback could be
given through online quizzes or even by posting an answer
key to study guidematerials after students have been given
an adequate amount of time to complete them individually.

Begin each class with a highlight of key concepts
from the pre-class material, as well as time for questions

from students. The studies where instructors began the
class with key concepts from the preparatory materials
and allowed for questions were positively received.23

Studies without that framework resulted in student com-
ments requesting an instructor-led time in the beginning
of class to review key concepts.46 Depending on the dis-
cipline and topic, it may be difficult for students to pick up
on all of the key points through pre-class preparation
alone, and there may be many questions that will arise.
Therefore, tackling the gaps in the foundational knowl-
edge prior to building on that foundation in the in-class
portion may be beneficial to student learning.

Keep students accountable for the pre-class activi-
ties. Many of the studies included in-class quizzes or as-
sessments that kept students accountable for the pre-class
learning. These were also positively received by the stu-
dents as a motivational factor to complete the preparatory
work. From the literature review, it seemed the only
method of assessment that was negatively received was
when pharmacy students in an antimicrobial stewardship
elective were required to do a pre-class writing compo-
nent.9 Instead of writing materials and submissions, quiz-
type assessments may be better received by learners.

Provide access to the pre-class learning materials in a
timely manner. Several of the studies in the literature review
provided the pre-class learning material at least a week be-
fore the FC session.11,17,19,24,41,45 It is good practice to give
enough time for students to pace their self-directed learning
and be able to plan for other commitments. The minimum
amount of time pre-class material was provided to students
in this literature review was two days prior to the class
session, however, it is recommend that materials be pro-
vided to students at least one week in advance.10,29,42

CONCLUSION
There have been numerous studies recently on the

implementation of FC approaches with various results on
student performance, student perceptions, and faculty
perceptions. While there is data supporting this type of
learning style, there is little data on the types of pre-class
learning as it correlates to student performance. The lim-
itations from many of these studies is that the outcome
measuredwas student perception of the pre-class learning
rather than a comparison of the pre-class learning modal-
ity on student performance. There is a need for future
studies directly comparing different pre-class preparation
methods and whether that has an impact on learning out-
comes in FCcourses. Future studies could be conducted to
assess student performance on examination and other as-
sessments using a prospective design where students en-
rolled in separate sections of a course are provided with
different typesof pre-classpreparation (eg, readingsvsvideos).
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Currently, there is not a strong correlation supporting a single
type of pre-class learning. Regardless of type of pre-work, it is
important to keep these overall best practices in mind to help
keep students engaged and motivated, and to comprehend the
foundational knowledge from the assigned pre-classmaterials.
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