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Abstract
In a flipped classroom model, learning of basic content is shifted before class while in-class time is used for concept application.
Empirical and controlled research studies are lacking on the best strategies to provide the necessary pre-class content instruction.
In this study, we tested three methods of pre-class content learning—interactive online tutorials, video lectures, and textbook-
style readings—while holding the content and the in-class application activities constant. Identical introductory, non-majors
biology classes were manipulated at both a public, open-enrollment institution and a private, highly selective institution. We
found that video lectures offer a small advantage to overall student learning over interactive tutorials or textbook-style readings.
Although our two populations differed in their ability to effectively learn from pre-class activities, through a student-centered
flipped classroom approach, students at both institutions demonstrated equal learning gains by the final assessment. Potential
reasons for some observed differences are suggested.

Keywords Flipped classroom . Undergraduate . Active learning . Content learning

Introduction

It is well known that active learning can reduce failure rates
and increase student performance (Freeman et al. 2014), but

many teachers struggle to find the time to incorporate active
learning in the classroom. One potential strategy that has be-
come popular is the Bflipped classroom^ model, where stu-
dents learn basic content before class in the form of instruc-
tional videos, recorded lectures, readings, etc. (Hamdan
et al. 2013). Then, instructors spend time in class applying
the material through complex problem solving, deeper con-
ceptual coverage, and peer interaction (Strayer 2012; Tucker
2012; Gajjar 2013; Sarawagi 2013). Instructors use this model
to improve cognitive load management of their students
(Abeysekera and Dawson 2015), encourage greater indepen-
dence of their students, and free class time for active strategies
(Seery 2015).

Research has shown a generally positive effect of flipped
classrooms on student attitudes and performance compared to
a passive lecture model (Bergstrom 2011; Strayer 2012;
Tune et al. 2013; O’Flaherty and Philips 2015; Seery 2015).
However, while there is much research on how to use the
recaptured class time for more effective active (Roehl et al.
2013; Baepler et al. 2014; Hung 2015) and student-centered
learning (Kim et al. 2014; McLaughlin et al. 2014), there is
very little research on how best to provide the necessary con-
tent instruction at home. For flipped teaching to be successful,
teachers must have confidence that their students learned the
necessary information and skills for the active learning
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activities upon arrival in the classroom. This lack of clarity
about the optimal out-of-class content instruction may be one
reason why teachers are hesitant to adopt flipped teaching.

In this paper, we report our findings about three different
methods for providing at home content learning (interactive
tutorials, video lectures, and textbook-style readings), in sup-
port of flipped learning experiences.We also contextualize our
findings according to various learning theories to better un-
derstand the pros and cons of these various approaches.

Literature Review

To provide context for this study, we first review the research
on flipped classrooms in general, and then focus on strategies
for out-of-class content learning, including learning theories
that can support these various strategies.

The Evidence on Flipped Classrooms

There has been much recent excitement over the concept of
flipping classrooms to emphasize more mentored, active
learning during class periods. Flipped classroom instruction
is defined simply as an instructional strategy where students
learn content prior to class, allowing them to come to class
prepared and ready for mentored, active, and experiential
learning experiences (Hamdan et al. 2013). Abeysekera and
Dawson’s (2015) Blowest common denominator^ definition
of a flipped classroom suggests that the strategy must include
three key components: (1) information-transmission outside
of class time, (2) class time dedicated to active, collaborative
activities, and (3) student accountability for in-class activities
through pre- or post-class activities. This first piece, informa-
tion-transmission, is almost always in the form of a pre-
recorded lecture or screencast (Pierce and Fox 2012;
O’Flaherty and Philips 2015; Seery 2015; Zainuddin and
Halili 2016). Other methods of pre-class content dissemina-
tion include readings, Blogs, Google Docs, Google Hangouts,
and some interactive computer software programs such as
MyITLab (Davies et al. 2013) or Integrated Learning
Accelerator Modules (McLaughlin et al. 2014).

While research into flipped classroom instruction, as
specifically defined, is recent, many positive effects have
been found, particularly for science education (Fautch
2015; Tomory and Watson 2015) and students seem to like
the approach overall (Phillips and Trainor 2014; Jeong and
González-Gómez 2016), often preferring it over traditional
learning (Gilboy et al. 2015). Most of this research has
been in the K-12 realm (Leo and Puzio 2016; Olakanmi
2017), but other studies have been conducted in higher
education. In one example, Long et al. (2017) conducted
a qualitative case study analysis of instructor experiences
using this method and found that instructors perceived that

their students enjoyed this approach to learning. Indeed,
for some, the motivation to flip their classrooms was be-
cause of student dissatisfaction with traditional lecture ap-
proaches. The instructors also felt the method provided
more active learning and better student support, but a ma-
jor challenge was that not all students learned the content
on their own to a sufficient degree before class in order to
make the in-class activity effective.

Schwarzenberg et al. (2017) conducted a quantitative
study on flipped classroom effects and found similar
modest results. They found slightly higher achievement in
the flipped classroom experience compared to conventional
classes, but the design of the flipped experience was
important. In particular, Schwarzenberg et al. (2017) noted
that in-class activities should focus on active learning and
that the level of pre-class preparation from students was
important—echoing the concern raised by Long et al.
(2017).

Adding further evidence, Davies et al. (2013) found
that a flipped classroom was more effective in teaching
concepts than a simulation-based approach or traditional
classroom approach for introductory information systems
students; Zainuddin and Halili (2016) found in their meta-
synthesis of 20 articles that flipped classrooms overall
brought positive impacts on learning and motivation.
However, some scholars have found more mixed results.
Harrington et al. (2015) found no significant differences
in the learning outcomes for nursing students randomly
assigned to either a flipped or traditional teaching style;
Jensen et al. (2015a) found similar results for introductory
biology students between a flipped and non-flipped class-
room. A systematic review of 21 nursing studies
Betihavas et al. (2016) similarly found overall themes of
neutral or positive academic outcomes and mixed results
for satisfaction. These mixed results can lead to conclu-
sions that flipped classroom can be an effective strategy
but that the real difference may be in how flipped class-
rooms are implemented.

Indeed, in most of these studies, a key finding has been
that the benefits depend on the ability of students to come
to class well prepared in having learned the content and
thus ready for the in-class active learning. The difficulty
in preparing students to learn the content before class is
amplified because some students may lack the self-
regulatory skills to learn content effectively on their own.
Sletten (2017) asked 76 students in a flipped introductory
biology class about their self-regulated learning strategy
use and found that students largely preferred the in-class
active learning but did not think highly of the out-of-class
video lectures. Sletten (2017) suggested that students may
not be well prepared to learn independently via the out-of-
class lecture videos. However, Porcaro et al. (2016) simi-
larly used screencast-recorded video lectures as the pre-
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class content learning in two iterations of a hematology
course but found the vast majority (89 and 93%) of stu-
dents in their study to be well prepared for class. This may
indicate, of course, that different classes of students just
respond differently to different video lectures, but it also
suggests that more research is needed into how, when, and
why students engage deeply with the out-of-class content
learning critical to flipped learning success.

Variety of Strategies for Out-of-Class Content
Learning

As mentioned above, many studies have noted that there
is great variance in how well students learn content out of
class, which is crucial to the overall success of the flipped
classroom model. However, surprisingly few studies have
discussed the various methods for teaching this out-of-
class content. Some studies have shown benefits of video
tutorials (e.g., He et al. 2012; Kay and Kletskin 2012),
and indeed video tutorials or lectures seem to be the most
common method. However, only one systematic, con-
trolled comparison has been made between various pre-
class content delivery methods to determine which is most
effective for student learning (Moravec et al. 2010), and
in this study, the instructors only implemented three
flipped class sessions in an otherwise non-flipped semes-
ter to investigate performance differences between stu-
dents taught outside of class via video lectures versus
readings.

Another strategy for out-of-classroom instruction is to uti-
lize interactive tutorials. This strategy is based in
Constructivist theory (Dewey 1938; O'Donnell et al.
2006)—the idea that students are not empty buckets to be
filled with knowledge but rather that students must construct
knowledge for themselves (Piaget 1985; Lawson 2002). This
construction of knowledge is a process of dynamic equilibra-
tion or interaction between an individual and their environ-
ment, where innate mental structures are reorganized as gaps
and contradictions are recognized (O'Donnell et al. 2006).

Allowing students to work through the information in in-
teractive tutorials, rather than telling them the information, can
influence conceptual development by posing critical cognitive
conflict that disturbs equilibrium and forces the individual to
restructure their cognitive architecture (Pulaski 1980; Damon
1984; Doise and Mugny 1984; Kubli 1989; Lumpe 1995).
However, students quite often do not recognize the gaps or
contradictions in their knowledge, or theymay recognize them
but choose not to act upon them (O'Donnell et al. 2006). This
recognition and call to action can occur by designing materials
to promote student construction of knowledge, which forces
students to search for equilibration and drive cognitive devel-
opment (Pulaski 1980).

Alternatively, utilizing video lectures allows instructors to
tap into two modes of information processing, both visual and
auditory. Dual coding theory (Paivio 1990) provides a theo-
retical framework for how differing content (video or read-
ings) is processed by the student. According to this theory,
the more sensory pathways that a student can use to interact
with the material, the more likely they are to remember the
content (Clark and Paivio 1991). By laying down twomemory
traces to the information, verbal and image, the information is
more accessible to the learner (see Thomas 2014 for a
review). Yadav et al. (2011) suggested that video may be a
more powerful medium for cognitive and affective processing
compared to text reading alone, because auditory and visual
information are redundant bisensory stimuli that collectively
contribute to learning (Moreno and Mayer 2002).

In addition, motivational theory (Keller 1983) may also
explain the success of videos. In Keller’s theory, motivational
factors include relevance, attention, confidence, and satisfac-
tion; the latter three factors are especially applicable for video
lecture success. To gain attention and satisfaction, a video
lecture may include quick and concise attractive images or
animation which can serve as entertainment (Keller 2009).
Further, learning the material via online video lectures can
boost a student’s confidence by using a medium of delivery
to which they may be accustomed in their personal lives—
online videos. Using this model, students may be more moti-
vated to learn if their education includes the attention-
grabbing technology with which they are familiar in everyday
life, potentially leading to greater learning gains.

Lastly, textbook-style readings are frequently used by
instructors to offer a short, easy-to-skim, straightforward
delivery of low-level content. Textbooks are the backbone
of almost every college course, they are easier to read
than primary literature, and they are perceived by both
instructors and students as an integral part of the learning
experience (see Besser et al. 1999). Not only are textbook
readings easily searchable (as opposed to a video lecture),
but because of their brevity, it may be possible that stu-
dents can easily access them repeated times getting more
exposure to the material. In fact, textbooks are often the
source of the majority of student studying (Besser et al.
1999). Textbooks may in fact be the modality to which
students have been most exposed, having been a funda-
mental aspect of education for centuries. However, this
treatment, in the flipped format, differs from the tradition-
al classroom where reading is assigned before class and
student responsibility is not enforced because the instruc-
tor lectures on the same content included in the pre-class
reading (He et al. 2016). In traditional non-flipped
courses, students often do not read the assignment (e.g.,
Sikorski et al. 2002; Clump et al. 2004), especially weak-
er students (Phillips and Phillips 2007). In a flipped class-
room, however, student accountability for completing the
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reading before class is often built in through pre-class
reading assignments.

All three of the above-described content learning methods,
situated before active face-to-face class time, adhere to the
definition of a Blowest common denominator^ flipped class.
In this study, we compare these three strategies for out-of-
classroom content learning in a flipped classroom approach
while keeping in-class application activities the same. Our
research question is, what is the differential effectiveness of
these strategies? Answering this question about pre-class con-
tent learning can address an important piece of the flipped
model, allowing for practical recommendations for the best
method for implementing a flipped classroom.

Methods

Subjects

To investigate the mechanisms underlying the effectiveness of
content learning methods during the Bat home^ content attain-
ment phase of a flipped classroom, we collected data from 657
undergraduate students enrolled in non-science majors general
biology courses at two large institutions in the Western USA.
One institution is a large private university (~ 30,000 students)
with highly competitive admission criteria reflected by incom-
ing freshman average high school grade point average (GPA) of
3.8 and an average American College Test (ACT) score of 28.3
in 2014. It will hereafter be referred to as the Bprivate
institution.^ The second institution is a large public university
(~ 32,000 students) with open-enrollment and an incoming
freshman average high school GPA of 3.27 and an average
ACT score of 23 (collected from a random sample of self-
reported data from 250 students in an introductory biology
course). It will hereafter be referred to as the Bpublic institution.^

Three instructors participated in the data collection, one at
the private institution and two at the public institution
(Table 1). Due to unbalanced sample sizes (Table 1), redun-
dant treatment sections within the same public institution, but
taught by different instructors, were combined. The decision
to pool these data was supported by a lack of difference be-
tween instructors at the public institution within the common
treatment for each dependent variable (Explore Assessments,

p = 0.34; Apply Assessments, p = 0.46; Final Exam, p = 0.44).
Instructor 2 conducted the Video Lecture treatment (Table 1);
however, we opted not to include these data in our analysis.
The decision to exclude this class was made prior to comple-
tion of the semester (i.e., before summarizing the data) after
three independent instructors interacted with the class and
determined that it was anomalous in its lack of engagement
and motivation; thus, we anticipated that any notable differ-
ence may be attributed to this larger class personality rather
than a treatment effect. Students enrolled in the course at both
institutions are generally non-science majors and range from
freshman to seniors.

Quasi-Experimental Design

We used three treatments or modalities of pre-class content
teaching. Each treatment represented a flipped classroom but
the method of learning of material before class (i.e., at home)
varied. The treatments, replicated by each instructor (Table 1),
are described below.

While the strategy for teaching pre-class material differed
depending on the treatment, all content and in-class activities
were identical among all treatments. Class time was dedicated
to concept application activities in peer groups to apply the
material explored in the pre-class activities. Pre-class material
was not re-presented during class to encourage students to rely
upon their online assignment for course preparation.

Curriculum

To assess which method for learning out-of-class content was
most effective in our study classrooms, we designed three
contrasting methods for the Bat home^ portion of instruction:
interactive tutorials, video lectures, and non-interactive,
textbook-style readings (Fig. 1). Identical curricular materials
were developed collectively by the three instructors and used
at both institutions. In all curricular materials, we used a learn-
ing cycle (Bybee 1993), constructivist approach utilizing the 5
Es: (1) Engage and (2) Explore, where students are initially
given the opportunity to wrestle with the concepts and build
their own understanding; (3) Explain, during which students
are introduced to the terms for which they have built meaning;
(4) Elaborate, where students apply the content to new

Table 1 Experimental setup
Instructor Institution Interactive tutorials Video lectures Textbook readings

1 Private N = 200 N = 113 N = 206

2 Public N = 36 – N = 29

3 Public N = 23 N = 22 –

The experiment was runwith three instructors at two institutions (private and public) using three different methods
of content delivery. Dashes indicate that the treatment was not run by that particular instructor or excluded for
reasons explained in the text
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situations; and (5) Evaluate, during which students participate
in both formative and summative assessments. In our design,
Engage, Explore, and Explain occurred during pre-class activ-
ities at home, and we collectively referred to as BExplore^
activities. Additional Explanation and Elaboration activities
took place in class and are collectively referred to as
BApply^ activities. Evaluation occurred both directly follow-
ing every pre-class activity at home (41 Explore Assessments)
and at the end of each unit, roughly every 2 weeks (eight
Apply Assessments).

Content quality and quantity of pre-class activities was
controlled by using essentially identical scripts and examples
to focus on the method of learning as well as the constructivist
active nature among the three treatments. Certainly, the inter-
active tutorials were more active than the other two treat-
ments; however, the constructivist nature (i.e., exposing stu-
dents to a puzzling phenomenon and reasoning through it
before introducing terminology and explanations) was con-
served in all three treatments. Students were assigned to treat-
ments based on their section enrollment utilizing a quasi-
experimental design.

Students completed all pre-class assignments online, in one
of the three modalities, utilizing content designed with online
survey software (Qualtrics© 2015, Provo, UT) linked through
their learning management system (LMS). Completion of

these assignments was incentivized with course credit.
Following each pre-class assignment, all students took an
identical Explore Assessment that covered material intro-
duced in the pre-class activities, irrespective of treatment.
These were short, online quizzes written at mostly low levels
of Bloom’s Taxonomy of Learning (87% Remember and
Understand). We asked students to complete a first attempt
of these Explore Assessments without the aid of any notes
or information, telling them that they should use it as a way
of testing their own knowledge. Following the first attempt,
students were given unlimited open-note attempts to achieve
100%, if they so desired. The number of attempts was record-
ed for analysis.

Items on these assessments were assigned to levels of
Bloom’s Taxonomy (Bloom 1984) by two independent raters
trained in Bloom’s and familiar with the curriculum.
BRemember^ and BUnderstand^ items were categorized as
BLow-Level^ questions; BApply^ items and above were cate-
gorized as BHigh-Level^ items. Raters independently rated the
items, discussed differences in ratings, and came to agreement
such that inter-rater reliability was 96.4%.

Roughly every 2 weeks, Apply Assessments were admin-
istered online through the LMS. These eight Apply
Assessments included questions at a variety of Bloom’s levels
with 65.8% being Apply or above. Apply Assessments were

Fig. 1 Three treatment conditions on sex-linked inheritance: Interactive
Tutorials posed questions and solicited feedback from students; Video
Lectures consisted of the same material but was presented by one of the

instructors in a video format; and Textbook-style Readings consisted of
the same material but was written in the form of a textbook passage; the
latter two treatments required no interaction by students
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open-note, but students only had a single attempt and a limit of
60 min to complete it. Apply Assessments were not compre-
hensive but focused on the material presented since the previ-
ous Apply Assessment. A single, comprehensive final assess-
ment was administered either in class or in a proctored testing
center with a time limit of 2 h and was closed-note. However,
students were allowed one page of notes (8.5 in. × 11 in. sheet
of paper) that they personally constructed and upon which
they were allowed to put any information they deemed neces-
sary for the exam. The final assessment contained 63% high-
level questions and 37% low-level questions.

While the assessments, in-class activities, and pre-class
content were identical in all classes, the teaching method of
pre-class content differed by treatment. The three modalities
are described below. Excerpts from each treatment for one
representative topic are shown in Fig. 1.

Interactive Tutorials

These online activities were designed to be active and con-
structivist in nature (Piaget 1985). Frequent, embedded ques-
tions required students to make hypotheses, analyze data,
draw conclusions, and make connections. The online system
prevented students from advancing forward in the assignment
until they answered each question. Assignments were graded
for completion and general accuracy, to ensure that students
were actively and meaningfully participating in the activity.
Periodic short video clips or readings were included that were
identical to the other two treatments, yet students in this treat-
ment often needed to make predictions, collect data, and draw
conclusions on their own.

Video Lectures

As is more traditional for the flipped classroom (e.g., Pierce
and Fox 2012; O’Flaherty and Philips 2015; Seery 2015;
Zainuddin and Halili 2016), this condition consisted of video
lectures recorded of two of the participating instructors, fol-
lowing an essentially identical script as the interactive tutorials
and textbook-style readings. In this case, however, the stu-
dents watched a video of the instructor talking over a
slideshow and visuals depicting the same information as the
other two treatments. Total video run-time ranged from 15 to
45 min, and the longer videos were divided into multiple
shorter videos. Students were awarded credit for merely
watching the video (as measured by viewing the page with
the weblink to the video file) and were not required to interact
with any of the material.

Textbook-Style Readings

This condition was designed to introduce the same material
but in a much less interactive fashion. Patterned to resemble a

textbook passage, students read the material without
interacting with it (i.e., no input or answers were requested
from students during the assignment). Students were awarded
credit for viewing all pages of the reading assignment. The
material was presented in the same order and the same ques-
tions were posed as in the other treatments. However, unlike
the interactive tutorials, answers to all questions were imme-
diately provided as part of the assignment, rather than requir-
ing students to think and answer the questions on their own.
While this treatment did include some images or short videos,
visuals were considerably fewer in this method than the other
two.

Measures

Covariate

To test for group equivalence and control for potential differ-
ences that may exist due to our quasi-experimental design,
Lawson’s Classroom Test of Scientific Reasoning (LCTSR;
Lawson 1978, ver. 2000) was used as a covariate in all treat-
ments. The LCTSR is a content-independent assessment of
scientific reasoning ability that has been positively related to
performance in biology courses (Johnson and Lawson 1998;
Lawson et al. 2000b, 2007). The LCTSR was graded on a 24-
point scale. Scoring procedures, validity, and reliability of the
test are discussed in Lawson et al. (2000a).

Dependent Measures

To determine the effect of learning pre-class content using
each method, we analyzed student performance in three ways.
First, we used the average first attempt score of 41 pre-class
Explore Assessments for each student. Second, we averaged
eight Apply Assessment scores for each student. Finally, we
used the comprehensive final exam score. All assessments (41
Explore Assessments, 8 Apply Assessments, and the final)
were identical for all treatments across both institutions, based
on a common set of learning outcomes.

In an attempt to measure how much effort students dedi-
cated to learning the material on their own prior to class, and
as a way to detect any deficiencies in learning between the
methods (interactive tutorials, video lectures, or textbook-
style readings), we analyzed the number of attempts that stu-
dents took on the Explore Assessments. With unlimited at-
tempts and the only feedback being their score (i.e., they were
not shown which items they missed nor which were correct),
many students retook these Explore Assessments multiple
times to earn a score as close to 100% before the deadline.
Students’ average number of attempts on the 41 Explore
Assessments was our final response variable tomeasure effort.
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Method of Analysis

A 2 × 3 analysis of covariance (ANCOVA) was conducted on
all data combined with LCTSR as the covariate, using
Institution (Public or Private) and Treatment condition
(Interactive Tutorials, Video Lectures, or Textbook-style
Readings) as between-subjects variables, to determine if the
method by which content was learned affected performance
on each of the outcome variables: Explore Assessment first
attempt scores, Explore Assessment number of attempts,
Apply Assessment scores, and Final Exam scores. Post hoc
analyses were done using a Bonferroni correction to account
for alpha inflation.

Results

Scientific Reasoning Ability

LCTSR score distributions varied between institutions
(Fig. 2), with the private institution having higher scores over-
all than the public institution (MPrivate = 18.3, MPublic = 13.6,
F(1, 655) = 128.64, p < 0.001, ηp

2 = 0.170).

Explore Assessments

The first attempt on pre-class Explore Assessments, an indi-
cator of content learned from the pre-class materials, differed
by institution and treatment. A 2 × 3 ANCOVA showed a
significant interaction between the treatment and the institu-
tion (F(2, 622) = 6.87, p = 0.001, ηp

2 = 0.022) (Fig. 3a).
Multiple comparisons within the main treatment effect

demonstrated significant differences at the p < 0.017 level,
our Bonferroni adjustment. At the private institution, the
Interactive Tutorial treatment [M = 69.9, 95% CI (68.2,
71.6)] outperformed the Video Lecture treatment [M = 67.6,
95% CI (65.6, 69.6), p = 0.016], while the Textbook-style
Readings [M = 68.9, 95% CI (67.4, 70.4)] treatment was not
significantly different than either Interactive Tutorials or
Video Lectures (p = 1.0, p = 0.058), respectively. Although
this difference may be statistically significant, it may not be
practically significant as the Interactive Tutorial improvement
was roughly 0.14 points on an average seven-item Explore
Assessment. At the public institution, none of the differences
reached significance. The Video Lecture treatment [M = 63.3,
95% CI (58.2, 68.4)] was not significantly different than the
Interactive Tutorial treatment [M = 55.7, 95% CI (51.7, 59.7),
p = 0.027], and the Textbook-style Readings [M = 59.4, 95%
CI (53.9, 64.9)] treatment was not significantly different than
either Interactive Tutorials or Video Lectures (p = 0.124, p =
1.0), respectively.

Explore Assessment Attempts

The number of attempts students took on the Explore
Assessments, at both institutions, did not significantly differ
by treatment (F(2, 622) = 0.06, p = 0.944). However, there
was a significant institution effect with students at the public
institution taking significantly more attempts [M = 8.5, 95%
CI (7.8, 9.2)], than students at the private institution [M = 3.7,
95% CI (3.6, 3.8), F(1, 622) = 285.46, p < 0.001, ηp

2 = 0.315]
(Fig. 3b). There was no treatment by institution interaction
[F(2, 622) = 0.36, p = 0.696].

Fig. 2 Boxplots of LCTSR scores
by institution
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Apply Assessments

The method of content learning had no effect on average
Apply Assessment scores, with a non-significant treatment
effect [F(2, 622) = 1.28, p = 0.278] and institution effect
[F(1, 622) = 0.32, p = 0.571]. We also found the treatment ×

institution interaction was not significant [F(2, 622) = 0.06,
p = 0.945]. At the private institution, students scored an aver-
age of 74.4% [95%CI (72.8, 76.0)] in the Interactive Tutorials
condition, 78.3% [95%CI (76.3, 80.3)] in the Video Lectures,
and 74.7% [95% CI (73.1, 76.3)] in the Textbook-style read-
ings condition. At the public institution, students scored an

Fig. 3 Raw scores of four dependent variables are shown by treatment
condition at both a private (solid lines) and public (dashed lines)
institution. Error bars represent 95% confidence intervals. Panel a
shows average scores on the first attempt of pre-class Explore
Assessments. Significant findings include a significant interaction (p =
0.001) wherein only Interactive Tutorials are different between
institutions (p < 0.001). Panel b shows the average number of attempts

students made on the pre-class Explore Assessments; the public
institution students made significantly more attempts than the private
institution students on all treatments (p < 0.001). Panel c shows the
average scores on Apply Assessments; no differences were found to be
significant. Panel d shows the average scores on the Final Exam; the
Video Lecture Treatment was significantly greater than the Interactive
Tutorials treatment (p = 0.007)
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average of 68.4% [95% CI (65.8, 71.1)] in the Interactive
Tutorials condition, 70.7% [95% CI (65.8, 75.6)] in the
Video Lectures, and 68.0% [95% CI (63.3, 72.7)] in the
Textbook-style readings condition (see Fig. 3c).

Final Assessment

The Final Assessment was comprehensive and meant to serve
as a summative assessment of students’ overall understanding
at the conclusion of the course. A 2 × 3 ANCOVA revealed a
significant treatment effect (F(2, 622) = 4.69, p = 0.009, ηp

2 =
0.015). Pairwise comparisons were performed with a
Bonferroni correction such that significance was accepted at
p < 0.017. The Video Lecture treatment [M = 69.3, 95% CI
(66.6, 72.0)] significantly outperformed the Interactive
Tutorial treatment [M = 61.4, 95% CI (59.4, 63.4), p =
0.007], and the Textbook-style Readings [M = 63.5, 95% CI
(61.4, 65.6)] treatment was not significantly different than
either Interactive Tutorials or Video Lectures (p = 0.647, p =
0.244), respectively. There was no significant effect of insti-
tution [F(1, 622) = 0.67, p = 0.415], nor was the treatment ×
institution interaction significant [F(2, 622) = 0.01, p = 0.994]
(Fig. 3d).

Discussion

In this study, we sought to explore differences in several of the
most popular ways of flipping a classroom. Specifically, we
tested three strategies for facilitating pre-class content learn-
ing: encouraging student interaction with online material at
home, having students watch videos of lecture, or assigning
textbook-style readings. Three main findings surfaced from
our work: first, video lectures appear to offer a small advan-
tage to overall student learning; second, populations at differ-
ent institutions differ in their preparedness to effectively learn
from pre-class activities; and third, despite this inequality in
preparedness, both populations demonstrate equivalent learn-
ing gains after experiencing a student-centered, flipped class-
room curriculum.

High-Stakes Outcomes

Although the method for content learning did not appear to
differentially affect student performance on our higher-stakes
unit exams (i.e., Apply Assessments), video lectures appeared
to offer a clear advantage on the final summative assessment
of the course, raising their grade by an average of nearly eight
percentage points. This would be the difference between a B+
and an A, a practically significant difference. Both high-stakes
assessments required students to both remember content (low-
level items) but also apply the concepts in a higher-order fash-
ion in over half the questions (high-level items). Appealing to

a dual coding theoretical rationale (Paivio 1990), it is possible
that, in students who are self-motivated or academically pre-
pared enough to gain information in the independent fashion
required in a flipped classroom, receiving information through
both a visual and auditory route may have an additive rather
than competitive effect in terms of information gain (Yadav et
al. 2011). Likewise, the combined audio and visual informa-
tion may have contributed extra signaling to highlight impor-
tant information to the benefit of Video Lecture students
above the other treatments (Mautone and Mayer 2001).

Beyond signals of the text within the video (e.g., arrows,
zooming into particular areas of a slide, or highlighting text),
the instructor shown in the video often gesticulated, which can
provide additional cognitive aids (Singer and Goldin-Meadow
2005). In addition, inflection patterns that we commonly in-
clude in our speech patterns may have offered students addi-
tional unintended cues to important information or places to
pause that encouraged thought, where these cues are largely
absent from written passages which predominated both the
Interactive Tutorials and Textbook-style Reading conditions.
Psychological research suggests that prosody in speech can
convey the importance of phrases to students outside the ac-
tual lexical channel (i.e., the meaning of the actual words
being spoken; Johar 2016). In other words, unconscious cues
found both in the tone, pitch, and tempo of our speech as well
as in hand gestures or facial expressions, all visible throughout
in the Video Lectures, often conveymeaning to students in the
course of normal dialogue. Video Lectures were the only
method where human speech was present for pre-class deliv-
ery of content. Social Agency Theory posits that a human
voice integrating into learning can increase student motivation
(Mayer et al. 2003) and attentiveness (McLaren et al. 2011).
Additionally, the presence of a human face has been shown to
positively impact student learning through increased compre-
hension via the opportunity to lip read and apprehend positive
social cues (Kizilcec et al. 2015). These benefits likely out-
weigh demonstrated drawbacks, distractions, or the presence
of human agency during a lecture video (Schroeder and
Traxler 2017). The combination of factors associated with a
human pedagogical agent could overtly influence the effec-
tiveness of video lectures versus silent written text or short
videos set to music and lacking instructors’ facial expressions
and voice, regardless of the considerable overlap in content.

In addition, due to the nature of the method, information
may be more easily re-accessed from textbook-style readings
and even the interactive tutorials as we originally hypothe-
sized, but this access may be done in a superficial way.
These were both available as easily skimmable pdf documents
via their LMS after the Explore Assessment deadline passed.
However, to re-visit information for studying from a video
lecture, students would necessarily have to re-watch the
videos leading to unintended deeper processing. While stu-
dents had control over pacing and replaying of the video, in
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this Blearner-attenuated system-paced^ instruction model
(Schroeder and Traxler 2017), students had to make decisions
on where to return in the video and undoubtedly watched
more than anticipated. We suggest that through these more
complete repeated visits to the material in preparation for the
final exam, students in the Video Lecture condition better
solidified their understanding over students in the other
modalities.

Interestingly, among the high-stakes outcomes, the advan-
tage of the video treatment was only observed in the Final
Assessment and not the Apply Assessments. Both assess-
ments were written with roughly the same proportion of high
and low Bloom level items, and both were timed. The key
differences, however, were that the Final Assessment was
closed-note and comprehensive.We suspect that students like-
ly revisited the videos, with more unintended exposure, in
preparation for the final, because they could not rely on notes
and it may have been months since they originally learned the
material. In contrast, students mayminimally or fail entirely to
review pre-class content in preparation for Apply
Assessments, assuming that they could access it during the
assessment, if needed, or that the material was learned recently
enough (within 2 weeks) to remember. Regardless of whether
the video benefits lie in dual coding, extra cuing, or the pres-
ence of a human pedagogical agent, certainly allowing for
greater exposure to more content through re-watching video
content provides a long-term benefit to students in our sample.

Low-Stakes Outcomes

Interestingly, when comparing initial attainment of materials
from pre-class activities (using Explore Assessment scores, a
largely low-level assessment format) from the three methods,
a significant interaction emerged between treatment and insti-
tution. At the private institution, although the Video Lecture
treatment showed a slight disadvantage to an interactive tuto-
rial, and this trend has precedence in the literature
(Abeysekera and Dawson 2015), the differences were mini-
mal (0.14 points on a 7-point assessment, a difference that
would not likely change their grade) bringing into question
whether it was practically significant. At the public institution,
no method offered an advantage or disadvantage for initial
attainment of information. These Explore Assessments reflect
the amount of learning (albeit, rather low-level) students
achieved independently, which may reflect many things out-
side of content learning. Specifically, student performance
may simply mirror students’ prior knowledge or their study
strategies, which then reveals a student’s preparedness for
college-level instruction or online learning. Research shows
that many students are less than ready to engage in a flipped
classroom upon entering college (Hao 2016). In fact, Yilmaz
(2017) showed that a student’s e-learning readiness was a
direct predictor of their motivation in a flipped classroom.

Perhaps at a highly selective institution, students’ overall read-
iness to engage independently in learning activities prior to
instructor-scaffolded class activities makes the constructivist,
interactive tutorial treatment more successful in initial attain-
ment. Whereas, at an open-enrollment institution, the pre-
class, content learning method seemed to have little effect on
their success with scores being consistently lower on initial
attainment than the private institution, regardless of the mode
of delivery. Dramatic differences in the number of attempts on
Explore Assessments (i.e., significantly more in the public
institution than in the private institution) provide further evi-
dence of differences in preparedness between institutions.

Population Differences

As was seen by pre-LCTSR scores, these institutions differed
dramatically in students’ incoming scientific reasoning ability.
Scientific reasoning skills are tightly correlated with achieve-
ment in college biology (e.g., Johnson and Lawson 1998;
Lawson et al. 2007) and differ significantly between those
who pursue STEM degrees and those who do not (Jensen et
al. 2015b). Despite these differences in initial reasoning ability
between our two institutions, no institutional differences were
observed in final assessment performance. In other words, fol-
lowing completion of a student-centered, flipped biology
course, students at the public institution reached indistinguish-
able levels of understanding on the summative final assessment
as students from the selective private institution. While students
at both institutions benefited from the student-centered, flipped
classroom approach (Strayer 2012; Tucker 2012; Gajjar 2013;
Sarawagi 2013), it seems that lower performing, underprepared
students may benefit even more and can achieve equal learning
on the final course assessment as higher-performing students.

Limitations and Future Directions

Results from this research are intriguing, but they also create
more questions to be answered. One of the limitations of this
study is that it was conducted on only two student populations.
However, one represented a more selective, high-achieving
group, while the other was more representative of an open-
enrollment, public institution, allowing two ends of a contin-
uum to be tested. Both student populations lacked sufficient
representation of underrepresented minorities leaving it open-
ended as to whether social group may be an interacting factor
in the success of each model. It is certainly worth further
study. Another potential limitation is that 70% of the video
lectures were prepared by one of the instructors of the courses
with the other 30% being prepared by the second instructor
and 0% being prepared by the third instructor. This means that
in some of the courses, the students watched video lectures by
a professor other than their own. Whether this played a role in
their engagement with the video is unknown.

532 J Sci Educ Technol (2018) 27:523–535



Several causal mechanisms have been suggested for the
advantage of video lectures. These causal mechanisms repre-
sent future avenues for valuable research. For example, we
suggest that extra cuing, through prosody of speech, may give
students an advantage in cuing them to important information.
Trials in which prosody is altered may shed further light on
this mechanism. Additionally, the presence of a pedagogical
agent in the videos may have played a role in the videos’
success. Removing the pedagogical agent on screen and, in-
stead, only including audio source material may shed light on
this causal mechanism. Lastly, one of the major causal mech-
anisms suggested is the different depth to which information
may have been re-accessed in preparation for the final exam.
Monitoring re-access more closely may allow researchers to
tease out this causal mechanism in more detail.

Conclusions

The overall effectiveness of a flipped classroom, in general,
may be highly dependent upon the student population, which
can vary in academic preparation, scientific reasoning ability,
or self-directed learning skills. However, we found that the
method for pre-class content learning may play a differential
role in effectiveness, with the Video Lecture strategy being
superior to interactive or textbook-style readings on final as-
sessment performance. Our findings are in contrast to
Moravec and others’ (2010) work that detected no perfor-
mance differences between video lectures and readings. Yet
our study used flipped strategies throughout the entire semes-
ter, rather than three isolated days, which may better represent
what happens in a fully flipped classroom. Currently, our data
cannot suggest a causal mechanism for this benefit and more
research of the benefits of video lecturing, compared to other
flipped methods of Bat home^ content learning, is warranted.
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