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ABSTRACT KEYWORDS
Incorporation of active learning into large lecture classes is gaining Introductory biology; active
popularity as a pedagogical method due to its known benefits in helping learning; flipped classroom;

learning outcomes. A more recent active learning technique that has partial flip
emerged is the flipped classroom. In this study, we investigated the effects
of incorporating a ‘partial-flip’into an introductory general biology course,
where only a portion of the class time was spent in a flipped classroom
format. This partial flip presented the classic biology experiment of Meselson
and Stahl that discovered the mechanism of DNA replication. Performance
on in-class formative assessments and subsequent summative assessments
(eg out-of-class assignments and exams relating to this material) was
compared between a class that had the partial flip and a control class that
had a traditional lecture. The partial flip students scored higher on in-class
formative questions, specific exam questions and final exam essay questions.
We found that the partial flip had different effects in males versus females
depending on the assessment. The partial flip manipulation appeared equally
effective in aiding both below and above average students in formative
assessments. Overall, this study shows that the partial flip classroom can be
an effective technique to incorporate into existing courses and that it does
provide some benefits compared to traditional lecture.

Introduction

Traditionally, lecturing has been the standard form of teaching in large introductory science classes.
Lectures allow instructors to cover large amounts of material, including much of the fundamental
information that students need for advanced biology courses. One problem with lectures is that most
students fail to retain the more challenging topics and information is typically presented at a low
Bloom’s cognitive level (Bloom et al. 1956; Handelsman et al. 2004). Moreover, since students in these
introductory classes come from diverse backgrounds with different learning styles, utilising only lec-
tures may be grossly ineffective. Recently, instructional methods have started to include more active
learning strategies. In general, these strategies generate greater retention and deeper understanding
of material (Huang and Carroll 1997; Pelaez 2002; Plendl et al. 2009).

Active learning methods in the classroom have been shown to be more effective than traditional
lectures in science, technology, engineering and mathematics courses. In these courses, students are
1.5 times more likely to fail in a lecture class compared to an active learning class (Freeman et al. 2014).
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While active learning strategies, such as problem-based learning and learner-centred approaches,
have been shown to have minimal effects on surface learning of basic concepts, they tend to more
significantly enhance deep learning of the material (Dangel and Wang 2008; Dolmans et al. 2015;
Spencer and Jordan 1999). Incorporating active learning techniques has been shown to be effective
for deep learning in larger introductory science courses (Bevan, Chan, and Tanner 2014). Moreover,
students that are taught in a classroom that utilises active learning have shown growth in their prob-
lem-solving abilities over the course of a term (Klegeris, Bahniwal, and Hurren 2013). This implies
that incorporating active learning into classrooms can lead to a stronger understanding of material
and improve critical thinking skills.

One active learning instructional method that has not been extensively explored in large introductory
biology classes is the use of flipped classrooms, which are also known as inverted, hybrid or blended
classrooms (Margulieux et al. 2014). This pedagogy normally incorporates multimedia technology into
the curriculum, but students can do a variety of activities including watching a pre-recorded lecture,
watching an interactive video, listening to a podcast or reading an assigned textbook chapter (Bergmann
and Sams 2012; Johnson et al. 2015; Margulieux et al. 2014; O’Flaherty and Phillips 2015). This model
of teaching requires students to invest their own time in preparatory work before class and learn the
material at their own pace. Then, in class, students spend time in groups, working together, discussing
and answering questions while working on questions or activities related to the pre-class exercise. The
instructor, instead of lecturing on the class material, acts as a guide for students, answering questions and
helping students with the in-class activity. By working through basic concepts on their own during the
pre-class activity, students spend class time in a greater cognitive engagement with the material, thereby
facilitating deeper learning and better mastery of concepts. Studies have shown that flipped classroom
students perform better on exams and have a more enjoyable classroom experience than traditional lec-
ture students (McLean et al. 2016; Mortensen and Nicholson 2015) and also are more likely to attend class
(Prober and Khan 2013). Additionally, flipped classrooms have been used in large introductory sciences
classes and have led to learning outcomes that were the same or better than traditional lecture classes
(Baepler, Walker, and Driessen 2014). Ideally however, flipped classrooms involve smaller numbers of
students in an environment where students can work in small groups (Berrett 2012). We were interested
in exploring how this pedagogy could be incorporated into a large course in an auditorium-style room.

We presented one experiment in a flipped classroom format while leaving the rest of the course
material in traditional lecture style. Because the flipped exercise covered only a small portion of time
(one-third of the class period), this is classified as a ‘partial-flip’ exercise (van Vliet, Winnips, and
Brouwer 2015). In our partial flip, we presented the Meselson and Stahl DNA replication experiment
(Meselson and Stahl 1958). This is a classic experiment that is typically covered in general biology
courses and is conceptually complex for many students. Performed in 1958 by Matthew Meselson
and Franklin Stahl, this experiment provided substantial evidence for the semi-conservative basis of
DNA replication. Due to the elegant experimental design and clearly testable hypotheses, it is often
called ‘the most beautiful experiment in biology’ (Holmes 2001). Despite this, the principle behind
the experiment and the meaning of the results are often difficult for students to grasp.

In 2013, the instructor (BJK) identified the Meselson and Stahl experiment as an area of student
confusion. In response to students’ struggles with higher order Bloom questions about the experiment
in 2013, we were interested in determining whether or not a partial flip would allow students to more
fully understand and retain the information. In 2014, the instructor implemented a modified partial
flip exercise for this material. Comparing 2014 to 2013, there was a qualitatively small improvement in
the Meselson and Stahl multiple-choice question correct response rate (data not shown). The lack of a
large difference between the years could be due to a number of variables beyond the implementation
of the partial flip exercise. This illustrates one of the challenges of evaluating new teaching strategies
where a comparison between years introduces uncontrolled variables (eg time, cohort differences,
instructor experience). To better evaluate this question about whether an active learning partial flipped
exercise improves student outcomes, we performed a case-control study between two general biology
sections in 2015, presented here.
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One section had the Meselson and Stahl experiment presented in a partial flip format, while the
other section used a traditional lecture. We compared responses on formative assessments with clicker
questions during class (diagnostic, low-stakes assessments with no grade or low number of points
[Suskie 2010]) and summative after-class homework assignment questions (graded, higher stakes with
greater number of points [Suskie 2010]) related to the experiment. Additionally, we evaluated perfor-
mance on summative examination questions (exam 3 and exam 4) related to the experiment from the
two sections. Overall, we showed that the partial flip students performed better on formative in-class
questions and some summative exam multiple-choice and essay questions. These data support better
immediate and long-term retention of Meselson and Stahl content with a partial flip intervention.
We found a gender-related effect where the partial flip classroom appeared to be more effective for
immediate performance in females but effective for later exam performance in males. Overall, these
findings offer insight into benefits that may be derived from incorporating flipped or partial flipped
classrooms into large introductory biology courses.

Methods
Participants and consent

This study was evaluated and approved by the Duquesne University (Pittsburgh, PA) Institutional
Review Board (protocol #2015-08-1). Participants were undergraduate students at Duquesne University
enrolled in the fall 2015 introductory General Biology 111/111L course. This course consisted of
two separate sections, A and B, henceforth referred to as ‘Control’ and ‘Partial-flip; respectively. The
majority of students were first-year students (88%). These students’ course of study included forensics
science and law, physical therapy, occupational therapy, pre-pharmacy, biochemistry, chemistry, phy-
sician assistants, athletic training, health management systems, chemistry, biomedical engineering,
biology and psychology (see supplemental Table 1 for details).

Participants were enrolled in the study at the beginning of the term by an experimenter not involved
in teaching or grading the course. Students read and signed consent forms. Section A-221 total stu-
dents; 171 consent; 33 excluded from study because no demographic data; 8 excluded from study
because they did not attend class on experimental day. In this section, a majority of the students
included in the study (~75%) had pharmacy as their course of study. Section B-239 total students; 201
consent; 32 excluded from study because no demographic data; 11 excluded from study because they
did not attend class on experimental day. In this section, a majority of the students (~60%) were from
three health sciences: physical therapy, physician assistant and occupational therapy. Demographic
data collected from consenting participants included gender (listed as ‘sex’ on survey form), age, year
at institution and major (course of study).

Study design

All students in section A were assigned to the ‘lecture-only’ control group. All students in section
B were assigned to the ‘partial-flip’ experimental group. All students in each section received the
same instruction and assessments even if they did not provide informed consent. The manipulation
implemented is considered standard teaching practice and the lessons were specifically designed so
that all students were exposed to the exact same material and provided similar opportunities to learn
the material. The main differences between the groups were the timing of the ‘lecture’ and worksheet
components of the lesson. The experimental manipulation centred on teaching Meselson and Stahl’s
‘Most Beautiful Experiment in Biology’ (Meselson and Stahl 1958). This area was identified in previous
years as a challenging lesson for students (data not shown). Two days prior to the experiment, students
in both sections were asked to read the relevant section in the course textbook (Morris et al. 2013).
Students in the control group then answered two multiple-choice questions about the material with
unlimited attempts to get the correct answer prior to class. Students in the partial flip group watched a
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16-min lecture that was recorded by the instructor demonstrating the Meselson and Stahl experiment.
Following the recording, students answered the same two multiple-choice questions as the control
group along with a ‘password’ question, the answer to which was embedded in the recorded lecture. The
password question was used to ensure that students actually watched the recorded lecture prior to class.

During the class session, the control group received the same content from the recorded lecture in
a live lecture format from the course instructor (lecture time 20 min). At the end of the lecture, the
students were given two questions, answered using personal response system (PRS) remotes (Turning
Point Technologies). Students without remotes were asked to provide answers on 3 x 5 cards. Students
received participation credit for answering the questions. For the partial flip group, students worked
on a group worksheet for 20 min. This worksheet challenged students to recreate the experiment and
determine conclusions based on hypothetical situations and results. During the worksheet component
of the lesson, four individuals (two course instructors plus two graduate-level teaching assistants)
walked around the room to aid students. To facilitate discussion between staff and students, four
rows in the auditorium-style classroom were left empty to act as aisles for the staff. At the end of the
worksheet, the students were given three PRS questions. Students without remotes were asked to
provide answers on 3 x 5 cards.

Following class, for both groups, students completed an online assignment that covered the
Meselson and Stahl experiment. The control group completed identical questions to the partial flip
group’s in-class worksheet plus an additional two ‘novel’ questions. The partial flip group completed
the two ‘novel’ questions only. On two subsequent exams (exams 3 and 4 of the term), all students
received identical multiple-choice questions and an essay question about the Meselson and Stahl
experiment. Cognitive level of questions ranged from knowledge-based to application-type questions.

Recording and Classroom Observation Protocol for Undergraduate STEM (COPUS) scoring

Both sections of the course were recorded during the relevant period of the manipulation for post hoc
COPUS analysis (Smith et al. 2013). Recording was announced prior to class and camera was directed
away from the first four rows in the classroom. Students who did not wish to be recorded were asked
to sit in these first four rows.

Videos were analysed by three individuals following a standardisation and training session. COPUS
scoring (Smith et al. 2013) was performed using the online GORP software (Tools for Evidence-
Based Action, University of California, Davis). The following student actions were scored: listen-
ing (Student-L), waiting (Student-W), individual thinking/problem-solving (Student-Ind), student
answering a question posed by instructor with rest of class listening (Student-AnQ), student asks
question (Student-SQ), student making prediction about a demo or experiment (Student-Prd), group
activity (Student-OG), students answering clicker question (Student-CG), students working in groups
on worksheet (Students-WG) and other student actions (Student-Other). The following instructor
actions were scored: lecturing (Instructor-Lec), waiting (Instructor-W), real-time writing on board or
projector (Instructor-RtW), administrative activity (Instructor-Adm), demonstration or experiment
(Instructor-DV), listening to and answering question, while entire class listens (Instructor-AnQ),
providing follow-up feedback on clicker question (Instructor-FUp), moving through class guiding
ongoing active learning task (Instructor-MG), answering 1 on 1 questions from students during active
learning task (Instructor-1ol), posing a clicker question (Instructor-CG), posing a non-clicker ques-
tion (Instructor-PQ). Actions were scored in two-min bins across the entire video; actions were then
averaged between the three individual scorers.

Data analysis and statistics

Statistical analysis was performed on Prism (GraphPad version 6). All data analysis was performed at
the end of the term to avoid any biases in grading. Data were analysed by unpaired ¢-test. P values < 0.05
were considered statistically significant. All data are presented as means + SEM.
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Results
Qualitative analysis of instructor and student activity

Using the COPUS analysis (Smith et al. 2013), we quantified how time was spent by the students
and instructor in the control section compared to the partial flip section. Here, both the students
and instructor were recorded during the presentation of the Meselson and Stahl material and their
actions were scored. Using COPUS, we found that both the instructor and students in the control

Control Section Partial-flip Section
[ student-L [ student-ind* Il Student-OG*

Bl Student-W [ Student-AnQ* [ Student-CG*
[ Student-Other [ Student-SQ* [ Student-WG*
[ Student-Prd*

Control Section Partial-flip Section

@

I Instructor-Lec [ Instructor-DV** [ Instructor-CQ**
I Instructor-W [ Instructor-AnQ** [ Instructor-PQ**
[ Instructor-Other [ Instructor-FUp**
I Instructor-RtW [ Instructor-MG**
[ Instructor-Adm [ Instructor-101**

Figure 1. Quantification of student and instructor actions.

Notes: (A) Student and (B) instructor actions were analysed using the COPUS scoring system (Smith et al. 2013) for the control section and the partial flip
section. Actions were only scored during the in-class period that covered the Meselson and Stahl experiment. *criteria associated with active learning;
**criteria associated with active teaching. Student-L: listening; Student-W: waiting; Student-Ind: individual thinking/problem-solving; Student-AnQ:
student answering a question posed by instructor with rest of class listening; Student-SQ: student asks question; Student-Prd: student making prediction
about a demo or experiment; Student-OG: group activity; Student-CG: students answering clicker question; Students-WG: students working in groups
on worksheet: Student-Other: other student action; Instructor-Lec: lecturing; Instructor-W: waiting; Instructor-RtW: real-time writing on board or
projector; Instructor-Adm: administrative activity; Instructor-DV: demonstration or experiment; Instructor-AnQ: listening to and answering question
while entire class listens; Instructor-FUp: providing follow-up feedback on clicker question; Instructor-MG: moving through class guiding ongoing
active learning task; Instructor-101: answering 1 on 1 questions from students during active learning task; Instructor-CG: posing a clicker question;
Instructor-PQ: posing a non-clicker question.
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section spent only about 50% of class time involved in active learning/teaching activities (Student:
Ind, AnQ, SQ, Prd, OG, CG, WG; Instructor: DV, AnQ, FUp, MG, lo1, CQ, PQ). Not surprisingly,
in the partial flip section, both the students and professor spent approximately 75% of class time in
active learning/teaching (Figure 1).

Overall effect of the partial flip on learning

After showing that the students and instructor in the partial flip section did spend more time involved
in active learning activities, we measured learning outcomes in both groups. When looking at in-class
formative assignments, students in the partial flip section performed better on an in-class clicker
question that required them to predict an experimental outcome (Figure 2(A), unpaired ¢-test,
**#* p <0.0001). These same students also had higher confidence in the material (Figure 2(B), unpaired
t-test, ***p < 0.0001) and they viewed the partial flip as an effective way to learn the material (1-5
Likert-type scale response to ‘Partial-flip was effective’ 1 = Strongly disagree, 5 = Strongly agree;
mean = 4.1 + 0.06). The partial flip group also showed a trend in performing better on a post-class
assignment (see supplemental Figure 1(A)). When looking at performance on the exams after the flip
(exams 3 and 4), there was no overall difference in performance on multiple-choice questions (see sup-
plemental Table 2 for exact multiple choice questions with associated Bloom’s taxonomy level for both
exams 3 and 4) related to the Meselson and Stahl experiment between the sections (see supplemental
Figure 1(B) and (C)). Analysis of individual questions, however, did point to a difference between
the two groups. In question 1 of exam 3, the partial flip section scored significantly higher compared
to the control section (Figure 2(C), unpaired t-test, *p < 0.05). Additionally, on the essay question
included in exam 4, students in the partial flip section scored significantly higher than the students
in the control group (Figure 2(D), unpaired t-test, *p = 0.04). These results show that there were
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Figure 2. Partial flip exercise increases learning outcomes.

Notes: (A) Students in the partial flip section performed better as a class on an in-class clicker question involving prediction of an experimental outcome
(t-test ***p < 0.0001). (B) Students in the partial flip section reported have higher confidence in the Meselson and Stahl experiment compared to the
control students (1-5 Likert-type scale 1 = Completely not confident, 5 = Completely confident; t-test ***p < 0.0001). (C) Students in the partial flip
course scored significantly higher on a single multiple-choice question (question 1) on exam 3 (t-test *p = 0.01). (D) Students in the partial flip course
scored significantly higher on an essay question about the Meselson and Stahl experiment on exam 4 (t-test *p = 0.04).
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performance differences with in-class response to questions, post-class assignment results and exam
question responses of the partial flip and control group, with the partial flip group performing better.

Gender-specific effects of the partial flip on activities and assignments

Next, we looked at effects of the partial flip environment on male versus female students. In analysing
in-class and out-of-class activities/assignments, we saw that both males and females who were in the
partial flip group performed significantly better on in-class content questions related to the Meselson
and Stahl experiment (Figure 3(A) and (B), unpaired t-tests, *p < 0.05 male, ***p < 0.0001 female).
Females in the partial flip group reported more confidence in the material compared to female students
in the control section (Figure 3(C), unpaired ¢-test, ***p < 0.0001), while males showed no difference
in confidence between the sections (Figure 3(D), unpaired ¢-test, n.s.). Moreover, females in the partial
flip section showed a trend for scoring higher on a post-class assignment compared to the control
section (Figure 3(E), unpaired t-test, +p = 0.07), while males from both sections scored equally well
on the assignment (Figure 3(F), unpaired t-test, n.s.).
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S 3 b— — s 3 —_—
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Figure 3. Partial Flip manipulation had different effects in male vs. female students for in-class and post-class evaluations.

Notes: (A) Both male and (B) female students in the partial flip section performed better on an in-class clicker question involving prediction of an
experimental outcome compared to control section students (t-test ***p < 0.0001, *p = 0.02). (D) Females but not (C) males in the partial flip section
reported higher confidence for the Meselson and Stahl experiments compared to the control section (t-test ***p < 0.0001). (F) Females but not (E)
males in the partial flip section scored a trend for a higher score in the post-class assignment (t-test +p = 0.07).
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Gender-specific effects of the partial flip on examination performance

Looking at examination performance between males and females from both sections, we found that
males from the partial flip group showed a difference in multiple-choice performance with males in
the partial flip group scoring higher on these questions compared to the control group (Figure 4(A),
unpaired ¢-test, *p < 0.05). Females from both the control and partial flip groups, however, scored
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Figure 4. Partial Flip manipulation had different effects in male vs. female students on examinations.
Notes: (A) Male but not (B) female students in the partial flip section performed better on exam 3 considering all multiple-choice (MC) questions
compared to control groups (t-test *p = 0.04). (C, E) Males but not (D, F) females in the partial flip section scored higher on questions 1 (Q1) and 3 (Q3)

compared to control groups (t-test C: *p = 0.03, E: +p = 0.05). (G) Male but not (H) female students in the partial flip section performed better on the
exam 4 essay question compared to control groups (t-test *p = 0.01).
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equally well on all five multiple-choice exam 3 questions related to Meselson and Stahl (Figure 4(B),
unpaired t-test, n.s.). Of these five multiple-choice questions, two in particular showed significant
differences (Q1 and Q3). While, females from the control section and partial flip section showed no
differences in performance on these two questions (Figure 4(D) and (F), unpaired ¢-tests, n.s.), for
both of these questions, males in the partial flip group scored significantly higher than the control
section (Figure 4(C) and (E), unpaired t-test, P < 0.05). Interestingly, on the second exam after the
partial flip (exam 4), neither females nor males showed any difference with performance on multi-
ple-choice questions related to the Meselson and Stahl experiment (see supplemental Figures 2(A)
and (B)). However, males from the partial flip group scored higher on an essay question compared to
males from the control section (Figure 4(G), unpaired t-test, *p < 0.05). This difference was not seen
in female students (Figure 4(H), unpaired ¢-test, n.s.).

Partial flip effects on above and below average students

Finally, we evaluated whether the partial flip pedagogy would differently help students performing
below average or above average in the class. Below or above average groups were determined by dividing
each section based on the overall course average score on exam 2 (the exam prior to the experimental
manipulation) and statistically splitting the class into two data-sets: below average and above average.
For below average students, we found that students in the partial flip group performed better on an
in-class question related to the Meselson and Stahl experiment (Figure 5(A); p < 0.01) and rated their
confidence in the material as higher (Figure 5(B); p < 0.05) compared to the below average students in
the control section. Similarly, in the above average analysis, we also found that students in the partial
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Figure 5. Partial flip pedagogy aids both below and above average students primarily in formative assessments.

Notes: Below average students in the partial flip section (n = 56) scored higher than below average students in the control section (n = 62) on formative
in-class (A) content questions and (B) confidence questions but not on a summative (C) post-class assignment. Above average students in the partial flip
section (n = 98) scored higher than above average students in the control section (n = 67) on an in-class (D) content question, (E) an in-class confidence
question, and a summative (F) post-class assignment. (unpaired t tests compared to control group *p < 0.05, **p < 0.01, ***p < 0.001).
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flip group performed better on an in-class questions related to the Meselson and Stahl experiment
(Figure 5(D); p < 0.001) and rated their confidence in the material as higher (Figure 5(E); p < 0.001)
compared to the above average students in the control section. Thus, for our formative assessments,
the partial flip helped both below and above average students. This is in contrast to data from summa-
tive assessments of this material. In the post-class summative assignment, below average students in
the partial flip group performed similar to the below average students in the control section (Figure
5(C); p > 0.05). In contrast, above average students in the partial flip group performed better on the
post-class assignment compared to the above average students in the control group (Figure 5(F);
P <0.05). Above and below average students scored equally well on exam 3 multiple choice related to
the Meselson and Stahl experiment (see supplemental Figure 3(A) and (B)).

Differences between partial flip and control students

We analysed if the control and partial flip groups were different from each other in ways other than
performance on Meselson and Stahl material. Since the same instructional technique was used for
the rest of class material in both of the sections, we expected there to be no differences between them.
Indeed, this was the case when looking at the overall performance on exam 3 (exam immediately
following experimental manipulation): both the control and partial flip groups scored equally well on the
whole exam (control: 83.61% + 0.967, N = 130, partial flip: 85.30% + 1.022, N = 158, unpaired ¢-test, n.s.
p =0.2352). However, we did see differences in overall exam 4 performance. In this parameter, the partial
flip group scored significantly higher than the control group (control: 76.16% * 1.030, N = 130, partial
flip: 80.45% + 0.898, N = 158, unpaired t-test, **p = 0.0018). While, we were able to show significant
differences between outcomes relating to the Meselson and Stahl material, these data from exam 4 suggest
that there may have been other differences between the two sections in terms of overall performance.

Discussion
The flipped classroom increases active learning

Flipped classrooms have recently emerged as a method to increase student engagement with class
material (Hamdan et al. 2013). To our knowledge, no studies to date have investigated how this
methodology could be incorporated into already existing large introductory biology classes in a
‘partial-flip’ model to supplement existing lecture material on complex topics. Here, we show that
presenting the Meselson and Stahl experiment in a flipped classroom format helps increase per-
formance on both formative and summative assessments. Furthermore, we demonstrate that the
partial flip classroom model may have different effects on male versus female students depending
on the specific assessment. Finally, we show that the partial flip pedagogy helps students from both
ends of the grade spectrum.

Active learning strategies, such as the flipped method, that focus on shifting the acquisition of
fact-based information outside of the classroom are greatly beneficial because they allow the class to
spend more time engaging with the material (Michael 2006). This allows students to interact with the
professor and each other by asking questions and working on problems rather than just listening to
a presentation during class (Huba and Freed 2000). As was shown in the COPUS analysis, compared
to a traditional lecture on the same material, using the partial flip, students and the instructor spent
about 25% more time in active learning actions during that class period. This shows how easily a
different instructional method can be used to present the same material and increase the amount of
active learning. These ‘hybrid-lecture’ classes are gaining popularity because active learning has been
shown to increase exam grades, attendance rates and student perception of the class (McFarlin 2008;
Riffell and Merrill 2005; Riffell and Sibley 2004).
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The partial flipped classroom helps improve student learning outcomes

Flipped classrooms have the advantage of increased interaction with the professor and other students,
leading to a better understanding of the material (Warter-Perez and Dong 2012). While the empir-
ical data on flipped classrooms is limited, flipped classes have been shown to increase standardised
test performance in mathematics (Fulton 2012) and decrease failure rates in reading, mathematics,
science, social studies and writing (Green 2012). However, some studies have shown that there are
no differences in students’ knowledge in a flipped classroom (Frederickson, Reed, and Clifford 2005)
and that the flipped model may not be best used in introductory classes where students do not have a
deep interest in the subject (Strayer 2012). Looking at our results and the overall effects of the partial
flip compared to traditional lecture, we were able to show some benefits of this model. Beyond in-class
content questions, we found statistically significant differences class-wide on performance on only one
multiple-choice question on exam 3 (the first exam following the manipulation) but did find enhanced
performance on an essay question on exam 4 (given on the second exam after the manipulation). These
data show that the effects of the partial flip may be stronger in higher level thinking situations-the
partial flip improved scores on an essay question where students had to explain their reasoning. In
contrast, on lower level multiple-choice style questions, students from both sections scored equally
well on all but one question from both exams. These results agree with data that show active learning
strategies increase deep learning but have minimal effects on surface learning (Dangel and Wang
2008; Dolmans et al. 2015; Spencer and Jordan 1999). Our results may also suggest that presentation
of the Meselson and Stahl experiment using the flip classroom helps with long-term retention of the
material; however, additional studies are needed to determine if the partial flip is better for higher
order thinking, long-term understanding or both. Moreover, our results are based on a small number
of questions pertaining to the Meselson and Stahl experiment covered in the partial flip. While the
addition of more questions relating to the Meselson and Stahl experiment would have been ideal,
only alimited number of questions related to that material were included, to avoid excluding material
from other lectures. Despite the small number of questions however, our results show that the partial
flip did not deleteriously affect learning outcomes, and that the partial flip may work as well as, if not
better than, traditional lecture.

A consideration of any new pedagogy is the impact on faculty. In this context, the development
and implementation of the partial flip experience was not overly burdensome on the course instructor.
The total amount of extra time dedicated to the development of this technique was 3 h including time
to develop the worksheet (~2 h) and record, edit and upload the pre-lecture video. Fortunately, after
an instructor develops a partial flip worksheet and video, those materials can be used each year with
minimal additional effort.

Males and females respond differently to partial flip model

Interesting effects of the partial flip model were also seen when analysing male students compared to
females. Meta-analyses have shown that gender-related differences in cognitive performance in science
and mathematics are small and declining (Linn and Hyde 1989). While these differences in cognitive
ability are almost non-existent, hands-on activities have been shown to be more valuable to females
in science and mathematics education and lead to better performance (Burkam, Lee, and Smerdon
1997; Peterson and Fennema 1985). Our data show that the hands-on nature of the partial flip differ-
entially affected male and female students. Both genders in the partial flip section scored higher on
the in-class content questions compared to the control section, but the partial flip females reported
significantly more confidence in the material and also performed better on post-class assignments.
Males did not show differences in confidence, suggesting that the partial flip helps female students be
more comfortable with the material. Subsequently, the partial flip seems to have helped male students
more than female students on exams. This effect was driven by two specific questions (Q1 and Q3),
questions that were on different levels of Bloom’s taxonomy (Q1-identify, Q3-apply; supplemental
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Table 2). Females showed no differences in any of these exam questions. This means that the overall
class effects on exam 3 multiple-choice questions were likely driven by the increased performance
in males. This same difference held true for the essay on exam 4-males from the partial flip scored
significantly higher than control male students on the essay, while female students showed no such
difference between groups.

These data highlight some potentially interesting phenomena related to the partial flip model. Our
results suggest that the partial flip gave female students more reported confidence in the material
while not actually generating any differences in summative assessments. Conversely, male students
did not report confidence with the material following the partial flip, but actually performed better on
summative assessments. In other words, while not realising it, males may have gained a benefit from
the partial flip. Females, on the other hand, only had a perception of a greater understanding. Reasons
behind this phenomenon are unknown. Other studies have found similar results, with females showing
trends for lower confidence in STEM fields (Strenta et al. 1994). Females tend to be more critical of
their abilities, while males tend to have unrealistic estimates of their knowledge (Pomerantz, Altermatt,
and Saxon 2002). In our study, female students with lower expectations of themselves may have rated
their confidence as higher after going through the partial flip session. On the other hand, males who
are already over confident do not gain any additional confidence from the partial flip because they
are already at a high level. Additional studies are required to tease apart the mechanisms behind the
effects we found.

The partial flip classroom effects students on varying ends of the grade spectrum

Our results also indicate some differences of the partial flip methodology on above versus below
average students. Previously, it has been shown that hybrid classrooms lead to relatively equal benefits
for students of different aptitudes and abilities, and may help students on the lower end of the grade
spectrum more significantly (Baepler, Walker, and Driessen 2014). From our analysis, the partial
flip helped both ends of the spectrum on formative assessments. This was in contrast to some of
our results from the summative assessments. While below average students from the partial flip and
control sections performed equally well on the post-class assignment, above average students from
the partial flip group scored higher than above average students in the control section. However, this
may reflect a recency effect for the partial flip manipulation that existed for the above average stu-
dents only. There were no differences in either the above average or below average students between
the partial flip and control section on exam 3 multiple-choice questions. These results were expected
because more responsibility falls onto students to learn the basics outside of class in the partial flip
model. Students who were above average and already earning higher grades may be more motivated
to do this than below average students. The partial flip class would be more rewarding to a student
who did the assigned work outside of class. Being able to take away more from the in-class experience,
they would have been able to do better on a post-class assignment. Future studies could examine the
impact when students have gained experience in using the partial flip model several times throughout
the course to see how this affects learning outcomes.

Considerations on the classes used for this study

Finally, we analysed both the control and partial flip sections to determine if the groups were different
in other dimensions. One challenge in science education research is the many uncontrolled variables
that exist when introducing different pedagogical strategies across groups. In the present study, we
utilised the fact that the general biology course included two sections taught by the same instructor.
This allowed us to have an experimental and control section of the course (chosen randomly). However,
this experimental design carries the a priori assumption that the two groups of students were of similar
academic aptitude. We found evidence of similarities supporting this assumption as well as differences
between the groups. Both the control and partial flip sections scored equally well on exam 3 overall,
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allowing the differences in specific questions related to Meselson and Stahl to be interpreted as a result
of the partial flip. However, we did find some evidence of differences between the groups that should
be taken into account when interpreting these data. The areas of course of study differed between the
groups. The control section included ~75% pharmacy students, while the partial flip included ~60%
health sciences. While both of these programmes have enhanced admissions criteria compared to
general admission at the university, there may be more inherent differences between students going
into pharmacy practice versus health sciences with regards to understanding Meselson and Stahl.

The other prominent difference between the sections was their grade on exam 4, where the partial
flip group performed better than the control group overall. Since the partial flip experiment was a
small component of the overall course, it is likely that other factors contributed to this difference. These
factors may include differing interest or ability in the subject between pharmacy and health science
students, time of day effects (control section began at 8AM, partial flip section began at 9:30AM) or
varying background knowledge. Notably, while pharmacy and health science admissions have nearly
identical SAT/GPA requirements, health science students are required to have four years of mathe-
matics/science courses in high school prior to entering the programme, while this requirement does
not exist for the pharmacy programme. Despite these caveats, we feel that a case/control comparison
provides for more meaningful interpretation of a pedagogical intervention. Many studies would be
improved using two sections comprised of similar students, but this is often a challenge. One way to
address this in future studies is to collect other academic data on students prior to the start of a trial
(eg SAT scores, high school GPAs) to ensure that aptitude is grossly equivalent across sections.

Educational implications

Overall, this study has two important take-home messages. First, while the one-time partial flip does
not have a large effect, it does not hurt student performance in any noticeable manner, may help boost
self-reported confidence in the material in females and helps to boost the performance of male students
in the class in formative assessments. Second, the biggest effects of the partial flip are on immediate
formative class assessments compared to longer term summative assessments.

The partial flip technique can easily be implemented since it does not require the complete redesign
of a course, can be used even in a large auditorium-style course, does not harm students’ performance,
and can lead to small benefits to both above and below average students. This implies that the addition
of any flipped classroom component to a curriculum is better than none and that the partial flip model
could be used as a way to increase the amount of active learning in a classroom. An entire overhaul of a
traditional lecture class into a fully flipped class is not necessary to yield some of the benefits. Overall,
these results show that the partial flip pedagogy fits in well as a complementary technique to use in a
hybrid lecture-style classroom as a transition to using more active learning methods.
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