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Two sections of Genetics and Evolution were taught by one instructor. One group (the fully flipped 
section) had the entire class period devoted to active learning (with background material that had 
to be watched before class), and the other group (the partially flipped section) had just a portion 
of class time spent on active learning (with the background material presented during class time). 
The same materials and assessments were used for both sections. Analysis of objective measures 
revealed that there was no significant difference between the learning outcomes of students in the 
two sections. There was no main effect of gender, major, or ethnicity on success in the whole cohort 
or in either section. There appeared to be a significant main effect of class standing, with freshmen 
performing significantly less well than sophomores, juniors, or seniors (who all performed equally 
well) in both sections (p < 0.01); however, this was a very preliminary observation, as there were 
very few freshmen in either section. The only predictor of success in the two sections was prior 
grade point average. An anonymous end-of-semester survey showed no significant difference be-
tween the two sections in interest in the subject matter.

Article

ing environment and research should now be focused on de-
termining how best to teach in this way. For example, what 
types of active-learning exercises are optimal? What is the 
relationship between amount of time spent in active learning 
and student success?

In the traditional approach to teaching genetics, students 
are often exposed to the material and shown how to solve 
problems during an in-class lecture. The amount of class-
room time remaining for students to engage in active learn-
ing, through practicing problem solving, is therefore very 
limited, and students are usually asked to do this for home-
work after class. Students frequently struggle with problem 
sets assigned for homework and would often benefit from 
having the instructor available to assist with questions and 
discussion during this process. The “flipped” classroom ap-
proach seems an ideal way to free up additional class time 
for active learning through problem solving. In the flipped 
approach, basic factual information can be provided before 
class time (e.g., through online lectures), and then classroom 
time can be used as an active-learning environment (e.g., in-
volving group work on problem sets, case studies, and dis-
cussion; Lage et al., 2000; Moravec et al., 2010; Bergmann and 
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INTRODUCTION

Genetics, like other science, technology, engineering, and 
mathematics (STEM) fields, requires students to learn high-
er-order skills such as problem solving, and the importance 
of active learning in these fields is unequivocal (Freeman 
et al., 2014; Wieman, 2014). In their meta-analysis of studies 
comparing active learning with the traditional lecture for-
mat, Freeman et  al. (2014) point out there is no longer any 
question about the relative effectiveness of the active-learn-
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Sams, 2012; Strayer, 2012; Tucker, 2012; Gajjar, 2013; Hamdan 
et al., 2013; Tune et al., 2013; Love et al., 2014; Kim et al., 2014; 
Jensen et al., 2015).

The flipped classroom has become increasingly popular in 
the past few years, and there is even an online resource—
the Flipped Learning Network—whose mission is “to pro-
vide educators with the knowledge, skills and resources to 
successfully implement Flipped Learning.” The literature 
supporting the effectiveness of the flipped approach, how-
ever, mostly consists of surveys, case studies, and reports, 
and very few quantitative studies have been described that 
directly compare the flipped and nonflipped approaches 
when all other components (instructor, materials, assess-
ments, etc.) are kept constant (Hamdan et  al., 2013; Jensen 
et al., 2015). Thus, it has been difficult to discern the specific 
impact of flipping the classroom. Recently, Jensen et al. (2015) 
used a quasi-experimental approach to compare the flipped 
and nonflipped approaches, keeping all components (in-
cluding the use of active learning) of the two sections con-
stant except the way in which acquisition and application 
of concepts occurred: in the nonflipped section, instructor- 
facilitated acquisition of concepts occurred during class time 
and application occurred after class, whereas in the flipped 
section, acquisition of concepts occurred before class, and 
instructor-facilitated application occurred during class time. 
In that study, which was conducted with a nonmajors course 
in general education biology, at a private institution in the 
United States with highly select and culturally homoge-
neous students, Jensen et al. (2015) showed that there was no 
significant difference in learning and attitudes of students in 
the flipped versus the nonflipped sections.

In the present study, we varied the amount of time spent 
in active learning during class time, using a fully flipped 
approach for one section, and a partially flipped approach 
for the other section. The specific research goals were 1) to 
compare performance of the students in the two sections 
through analysis of exam and final scores; 2) to compare stu-
dent withdrawal rates from the two sections; and 3) to com-
pare student attitudes toward the subject matter and flipped 
approach, using an anonymous end-of-semester survey.

METHODS

IRB Approval
The study protocol was approved by the Northern Arizona 
University Institutional Review Board (project 681178-2), and 
students were asked to sign IRB-approved consent forms if 
they wished to participate in the study.

Design of the Fully Flipped and Partially Flipped 
Sections
The study was conducted with two sections of a sopho-
more-level class (BIO 240) in genetics and evolution, at a 
culturally diverse public institution in the United States. As 
students were expected to already know the fundamentals 
of Mendelian and population genetics, this was a somewhat 
intermediate-level class. The two sections were taught by the 
same instructor; were provided with the same materials, in-
cluding lecture material and in-class problem sets; and had 
the same assessments. The main difference was in the way 

in which the class was taught. For the fully flipped section, 
the two 75-min class periods each week were spent entire-
ly in active learning (with the whole class period devoted 
to working on problem sets), with background information 
provided as an online lecture that had to be watched before 
class. For the partially flipped section, just the last 15–25 min 
of the two 75-min classes were spent in active learning (us-
ing the same problem sets), with background material pro-
vided during class time.

Several different outcomes of performance and student 
course-related attitudes were measured. To obtain objective 
measures of student performance in the two sections, we 
evaluated students with the same weekly quizzes, the Ge-
netics Concepts Assessment (GCA; Smith et  al., 2008), and 
midterm and final exams. To obtain information about stu-
dent attitudes toward the fully or partially flipped approach, 
we asked students in the two sections to complete an anony-
mous end-of-semester survey.

Both sections were taught in the same room, back-to-back 
(twice a week at 2:20–3:35 or 4:00–5:15 pm), and there were 
a total of 21 class periods (excluding exams and reviews for 
the exams) during the semester for each section. The two 
sections were designed to be taught identically, except that 
students in the fully flipped section were given an online 
lecture before coming to class, while students in the partially 
flipped section were given the same background informa-
tion during class time. The primary consequence of this dif-
ference was that, for the fully flipped section, the entire class 
period (75 min) could be used for active learning (through 
working on problem sets), whereas for the partially flipped 
section, a minority (∼15–25 min) of the classroom time was 
available for active learning (with the same problem sets). 
Because the time available for working on the problem sets 
was greatly reduced in the partially flipped section, students 
in this section were told to get as far as they could; they were 
not expected to complete the worksheets.

Background information provided during class or on-
line was identical in content and was delivered in the same 
style—orally with whiteboard-style notes and diagrams. 
In the case of the fully flipped section, this material was 
provided as an online Livescribe PDF with audio and vi-
sual components and was not provided during class time, 
whereas for the partially flipped section, this material was 
provided in person during class time and was not made 
available online.

Both sections were given the same assigned pages of the 
text to read before coming to class and were given a pre-
class online quiz to ensure the students had completed the 
required work. (In the case of the fully flipped section, this 
quiz had questions based on the online lecture material as 
well as the text. As these preclass quizzes were different be-
tween the two sections, they were not used in the analysis 
described in this study.)

During class time, students in both sections worked on 
the problem sets in groups of three to five, receiving help as 
needed from both the instructor and peer teaching assistants 
(TAs). Before the end of class, students handed in a group 
answer sheet with the names of those who contributed (they 
kept individual answer sheets for their own records), and the 
instructor went over the answers with the class as a whole. Af-
ter each class period, an online postclass quiz was posted for 
both sections, based on the lecture material and material from 
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the in-class problem sets. The postclass quizzes were identical 
for both sections and closed before the next class period.

In addition to the same lecture material and weekly in-
class problem sets, both sections had the same three midterm 
and final exams and the same opportunities for extra-credit 
points. Exam questions were designed to test background 
knowledge (mostly gained from the lecture material) and 
problem-solving skills (mostly gained from the in-class 
problem sets). Student success in the two sections over the 
course of the semester was compared using exam and total 
semester scores (excluding the preclass quiz scores, as de-
scribed above) and the GCA (Smith et al., 2008).

Thus, the way in which the two sections were taught dif-
fered only with respect to: 1) presentation of the background 
material (online vs. face to face); 2) in how class time was 
used: the fully flipped section had more opportunity to work 
on the problem sets, whereas the partially flipped section 
had more opportunity to discuss the material while it was be-
ing presented; and 3) the content of the online preclass quiz-
zes (those for the fully flipped section contained questions 
on both the text and the online lecture material, whereas the 
preclass quizzes for the partially flipped section contained 
questions on the text only). An additional difference between 
the two sections, which could not be controlled, was time of 
day at which the classes met (2:20 pm for the partially flipped 
class and 4:00 pm for the fully flipped class), but this differ-
ence was minimized by having the two classes back-to-back 
in the same classroom. The similarities and differences be-
tween the two sections are summarized in Table 1.

The Online and In-Class Lectures
LIVESCRIBE (livescribe.com) was used to generate online 
lectures that contained both an audio and visual component, 
as described previously (Adams et al., 2015). Online lectures 

varied from 11 to 42 min, with a mean of 26 min if the lecture 
was not paused. In-class lectures covered the same material 
(each online lecture corresponding to one in-class lecture). 
In the partially flipped section, although the lecture material 
was the same as for the online lecture, it took longer to deliv-
er (typically about twice as long) because of the time taken to 
answer questions and for students to take notes and so on, as 
noted previously (Day and Foley, 2006).

Students in both sections were strongly encouraged to 
take handwritten notes (and indeed, 96 and 84% of students 
in the partially and fully flipped sections, respectively, re-
ported doing so; unpublished data), as we had previously 
noted that handwritten lecture notes improved performance 
(Adams et al., 2015; see also Chi and Wylie, 2014). Students in 
both sections were welcome to ask questions during lecture 
(face to face for the partially flipped section and via email for 
the fully flipped section), but the vast majority of the ques-
tions in both sections occurred during the time spent on the 
problem sets.

Active Learning with the In-Class Problem Sets
For the fully flipped section, the entire 75-min class period was 
used for the students to work on the problem sets and sub-
sequent discussion of the solutions. For the partially flipped 
section, only ∼15–25 min of each class period was used for the 
problem sets and subsequent discussion of the answers.

Assessment of Student Learning
Student learning in both sections was assessed out of a maxi-
mum of 500 points, with 1) best 18 of 21 online preclass quiz-
zes, each worth 5 points (90 points total); 2) best 18 of 21 on-
line postclass quizzes, each worth 5 points (90 points total); 
3) best two of three midterm exams (worth 200 points total) 
and a final exam (worth 100 points); 4) participation points, 
based on group problem sets, with participation points 
closely reflecting attendance (worth just 10 points total); and 
5) the GCA (Smith et  al., 2008; worth 10 points if students 
completed both the pretest and the posttest). Six addition-
al extra-credit points were made available to both sections 
during the semester for taking practice midterm exams.

Exams and quizzes were all developed by the instructor 
(A.A.) over the course of several years, and were designed 
to test course objectives. More important topics had more 
test questions, and confusing questions were clarified or 
eliminated over the years of teaching this class.

The GCA was developed and validated by Smith et  al. 
(2008). For the present study, it was administered online 
both as the pretest and also as the posttest (in retrospect, it 
would have been better to have it be an in-class assessment, 
as described by Smith et  al. [2008], to ensure that students 
attempted to do their best). Students earned 10 points (out 
of the 500 total points) for completing both the pre- and 
posttest. Improvement in students’ GCA scores was obtained 
as described by Smith et al. (2008) by computing the average 
number of points improvement/average pre-GCA score.

Survey to Analyze Student Attitudes toward 
Genetics and Evolution and the Flipped Approach
In the last class period of the semester, students were given 
an anonymous survey to determine their attitudes toward 

Table 1. Similarities and differences in design and assessments of 
the two sections

Element Partially flippeda Fully flippeda

Online lecture N Y
In-class lecture Y N
Preclass quizb Y Y
Postclass quiz Y Y
In-class worksheetc Y Y
Midterm exams Y Y
Final exam Y Y
GCA (pre- and post-

tests)
Y Y

Anonymous survey Y Y
Time of day 2:20 pm 4:00 pm

aElements used for each section indicated with Y; elements not used 
indicated with N.
bFor the partially flipped section, this quiz had questions on pages 
of the text the students were required to read before class. For the 
fully flipped section, the preclass quiz had questions on both the 
online lecture and the required reading in the text.
cThe same worksheet was given to both sections, but the partially 
flipped section had just 15–25 min of class time, whereas the fully 
flipped section had the entire class period (75 min) to work on and 
discuss the worksheets.
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RESULTS

Student Demographics in the Two Sections
Student demographics (major, student standing, gender, and 
ethnicity) for the two sections are shown in Table 2. There 
were no significant differences between sections in the number 
of students of each class standing, gender, major, or ethnici-
ty, except that the partially flipped section had a significantly 
higher number of Hispanic/Latino students than the fully 
flipped section (χ2(1, n = 29) = 4.17, p = 0.04). Not surprising-
ly, within each section, there were significant differences in 
the number of students of different class standing (partial-
ly flipped: χ2(3, n = 77) = 28.11, p < 0.001; fully flipped: χ2(3, 
n = 73) = 15.27, p = 0.002), in different majors (partially flipped: 
χ2(3, n = 77) = 20.40, p < 0.001; fully flipped: χ2(3, n = 73) = 
37.41, p < 0.001), and in the number of students within ethnic 
groups (partially flipped: χ2(4, n = 77) = 118.78, p < 0.001; fully 
flipped: χ2(4, n = 73) = 139.67, p < 0.001). The partially flipped 
section, but not the fully flipped section, had a significantly 
higher number of females versus males (χ2(1, n = 77) = 8.12, 
p = 0.004). Prior GPA of the students between the two sections 
did not differ (3.03 ± 0.61 vs. 2.99 ± 0.59, partially flipped vs. 
fully flipped, respectively; Table 2).

and experiences of the course. Students in both sections 
received the same survey (although some questions were 
applicable to just one of the two sections), which they com-
pleted during class time. Surveys included questions about 
grade before the final exam, interest in genetics and evolu-
tion, and views on flipped versus nonflipped formats. The 
response rate was 67% in the fully flipped section and 69% 
in the partially flipped section. The survey was developed 
by the instructor and was a modified form of one described 
previously (Adams et al., 2015); it was validated by succes-
sively asking the undergraduate researcher (J.G.), four other 
undergraduates who had not taken the course, and finally, 
an entire undergraduate class in the humanities to read the 
survey and note any ambiguities in the wording. Any ambi-
guities identified by these students were used to revise the 
survey at each stage.

The Peer TAs
Because of the size of both sections (there were 84 students 
in the partially flipped section and 78 in the fully flipped 
section, including the postbaccalaureate and honors stu-
dents, and excluding students who withdrew from the 
class; see Participants below), it was necessary to have help 
with answering students’ questions as they worked on the 
in-class problem sets. Three peer TAs were recruited from 
students who had earned an “A” in BIO 240 in a previous 
semester, and all three assisted with both sections. Each 
week, before the first class of the week, all three peer TAs 
met with the instructor for a TA meeting to go over the 
worksheet. The peer TAs received independent study 
credit in pedagogy.

Participants
Class sizes for the two sections were similar. There were 
77 students in the partially flipped section, and there were 
73 students in the fully flipped section (these numbers do 
not include the 19 students who withdrew from the course 
[see Results], the one postbaccalaureate student, and the 11 
honors students [seven in one section; four in the other] for 
whom we did not have demographic information). The de-
mographics of the students in the two sections are described 
below and in Table 2. None of the students knew that there 
was a difference between the two sections when they regis-
tered for the class.

Data Analyses
Differences between the two sections were analyzed with 
independent t test or univariate general linear model 
when additional factors such as class year and major were 
analyzed. Post hoc testing was performed when appro-
priate, using least significant differences. Demographic 
differences between the sections were analyzed by a chi-
square nonparametric test. Pearson correlation analysis 
was used to examine the relationship between prior grade 
point average (GPA) and class performance. All analy-
ses were conducted using IBM SPSS statistical software, 
version 22.0 (SPSS, Chicago, IL). All comparisons were 
considered significant at p < 0.05. Data are presented as 
means ± SD.

Table 2. Student demographics in the two sectionsa

Partially flipped 
section (n = 77)

Fully flipped 
section (n = 73)

Class standing
Freshman 2 4
Sophomore 18 21
Junior 34 25
Senior 23 23

Genderb

Male 26 36
Female 51 37

Major
Biology 35 39
Biomedical sciences 15 17
Microbiology 8 3
 Other (nine different majors) 19 14

Ethnicity
White 51 54
Hispanic/Latino 20c 9
American Indian/Alaska 
Native

3 1

Two or more 2 7
Asian 1 1

GPAd 3.03 ± 0.61 2.99 ± 0.59

aOne postbaccalaureate and 11 honors students were not includ-
ed in the analysis because of lack of demographic data on these 
students.
bSignificantly higher number of females than males in the partially 
flipped section (χ2(1, n = 77) = 8.12, p = 0.004).
cSignificantly higher number of Hispanic/Latino students in the 
partially flipped compared with the fully flipped section (χ2(1, 
n = 29) = 4.17, p = 0.04).
dPrior GPA on a four-point scale; not significant. 
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the model (R2 = 0.589, F(5142) = 39.33, p < 0.001). However, 
prior GPA was the only significant predictor of class per-
formance (see Table 4). The same analyses with the change 
in GCA score as the dependent variable did not explain a 
significant proportion of the variance (R2 = 0.071, F(4100) = 
1.83, n.s.). However, the change in GCA score was signifi-
cantly correlated with total points, in both sections (partial-
ly flipped: r = 0.32, p < 0.05, n = 57; fully flipped: r = 0.31, 
p < 0.05, n = 44).

Very similar numbers of students in each section chose 
not to include their online quiz scores for their final grades. 
In the case of the partially flipped section, 23% did better 
(mostly by a single letter grade) if their quiz scores were 
ignored, as did 28% in the fully flipped section. The vast 
majority of students in each section earned the same letter 
grade with and without their quiz scores, and just 7–8% 
in the two sections did better with their quiz scores than 
without.

We used a power analysis to determine how many students 
would be needed for the difference that we saw between the 
two sections to be significant. We used two different out-
comes—the final exam scores and total points. To achieve a 
power of 0.8, the power analysis indicated we would need 
∼3000 students for the observed difference in the final exam 
scores to be significant and more than 32,000 students for the 
observed difference in total points to be significant.

Effect of Class Standing. Overall (i.e., combining students in 
both sections), freshmen had significantly lower total points 
than students of any other class standing (p < 0.01). This ob-
servation, however, is based on just six freshmen in the two 
sections, and any conclusion concerning it is therefore highly 
preliminary. There were no significant differences between 
any of the other class years (sophomores, juniors, or seniors). 
There was no main effect of section or an interaction between 
class year and section. In other words, when students of a 
particular class standing were compared between the two 
sections, there was no difference in class performance. When 
the effects of class standing were analyzed separately for 
each section, the freshman effect remained significant for the 
fully flipped section (just four students; p < 0.05) but was not 
significant for the partially flipped section (Table 2).

Effect of Gender, Major, or Ethnicity. There were no signif-
icant differences in total points when analyzed by gender, 
major, or ethnicity, whether the sections were analyzed to-
gether or separately.

Class Performance
Comparison between the Two Sections. The overall perfor-
mance in the class did not differ between the two sections 
(Table 3). Thus, there was no difference between the two 
sections in scores of any of the individual assessments, that 
is, exam scores, group work, extra-credit points, postquiz-
zes, or improvement in the GCA (Table 3). Nor was there 
any significant difference between the two sections in var-
ious combined scores, that is, total of all four exams, best 
two midterm exams, or total points (as defined in Table 3). 
A linear regression analysis entering section, class stand-
ing, gender, major, and prior GPA revealed that a signifi-
cant proportion of variance in total points was explained by 

Table 3. Comparison of student scores between sections

Assessment
Partially flipped 

(n = 77)
Fully flipped  

(n = 73)

Exam 1 (out of 100 points) 77.7 ± 16.7 77.7 ± 17.2
Exam 2 (out of 100 points) 77.1 ± 15.8 78.3 ± 17.1
Exam 3 (out of 100 points) 73.6 ± 17.3a 69.9 ± 22.3

Final exam (out of 100 
points)

67.7 ± 12.2b 67.5 ± 12.9c

In-class group work (out of 
10 points)

8.7 ± 1.7 8.6 ± 2.1

Extra-credit points (out of 6 
points)

2.6 ± 2.3 2.4 ± 2.4

GCA improvement (percent)d 40 ± 50e 33 ± 52f

Best 18 postquizzes (out of 
90 points)

58.6 ± 17.8 58.5 ± 18.6

Ex1+Ex2+Ex3+Final Ex (out 
of 400 points)

299.3 ± 44.1g 299.0 ± 50.5g

Best two of three midterm 
exams (out of 200 points)

160.9 ± 28.8 162.4 ± 27.8

Total points (percent of 320 
points)h

76.7 ± 14.4 76.3 ± 14.9

Data are presented as means ± SD. None of the differences between 
the two sections are significant.
an = 76. The number is lower because students knew they could 
drop one exam, so not all students took the third exam.
bn = 75 (partially flipped) and cn = 70 (fully flipped). These numbers 
are lower because some students who were failing the class before 
the final did not take this exam.
dImprovement in GCA score is a relative score, obtained as the aver-
age number of points improvement/average pre-GCA score. No 
significant difference is seen between groups.
en = 57 (partially flipped) and fn = 44 (fully flipped). These values 
of n are lower because not all students completed both the pre- and 
post-GCA
gn = 74 (partially flipped) and n = 68 (fully flipped). These values of 
n are lower because some students did not take exam 3 and/or the 
final.
hTotal points (out of 320) were obtained from the best two midterm 
exams (200 points), the final exam (100 points), in-class group 
work (10 points), extra-credit points for doing three practice exams 
(6 points not counted in the denominator), and for taking the pre- 
and post-GCA (10 points). Pre- and postclass quizzes were not 
included in the total points, because the content of the prequizzes 
was different between the two sections and because students were 
given the option of not including their quiz scores in their final 
grade calculation.

Table 4. Regression analysis of the effect of section, prior GPA, 
gender, major and class standing on total points 

Model value

Unstandardized 
coefficients

Standardized  
coefficients

β SE β t p Value

(Constant) 93.665 14.70 6.371 <0.001
Section 0.786 4.06 0.011 0.194 0.847
Prior GPA 46.211 3.59 0.735 12.877 <0.001
Gender 0.199 4.18 0.003 0.048 0.962
Major 0.145 2.20 0.004 0.066 0.948
Class standing 4.609 2.43 0.108 1.895 0.060
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section had a greater level of mastery of application skills 
than did the partially flipped section. Overall, the two sec-
tions might therefore do equally well, but for different rea-
sons. For determination of whether there was any difference 
between the two sections in mastery of background material 
versus application skills, final exam questions were catego-
rized as “more factual” versus “more applied.” The average 
percentage of incorrect answers of students for these two 
types of questions were then compared between sections. 
As shown in Table 6, there was no significant difference be-
tween the two sections for the two types of questions. Thus, 
the students in the two sections do not consistently appear to 
master different aspects of the course. In addition, regression 
analyses show that prior GPA was the only significant pre-
dictor of mastery of either type of question (R2 = 0.218, F(6, 
96) = 6.23, p < 0.001 for “more factual”; R2 = 0.427, F(6, 1755) 
= 16.64, p < 0.001 for “more applied”). Section, gender, class 
year, and major did not account for a significant portion of 
the variance of either dependent variable.

Use of an Anonymous End-of-Semester Survey to 
Reveal Attitudes of Students in Both Sections toward 
Genetics and Evolution and the Flipped Approach
Attitudes toward Genetics and Evolution. In the anony-
mous survey, students in both sections were given a collection 
of five statements, to which they were asked to give a score 
of 1–5 (1 = strongly disagree; 5 = strongly agree) designed to 
address their attitudes toward Genetics and Evolution. Stu-
dents in both sections were very positive about the course 
(Figure 1). A nonparametric Mann-Whitney U-test indicated 
that the distribution of level of agreement from 1 to 5 was 
not significantly different between the two sections for any 
of the six statements.

Preference for Partially Flipped versus Fully Flipped 
Approaches. When students in both sections were asked in 
the anonymous survey whether they preferred the flipped 
classroom (with online lecture instead of in-class lecture) or 
the nonflipped in-class lecture, a clear difference was seen: 
89% of those who responded in the partially flipped section 
(who had not experienced the fully flipped approach for this 
class) said they preferred the nonflipped approach, whereas 
just 42% of those in the fully flipped section (who had ex-
perience with the flipped approach for this class) said that 

Withdrawal Rates of Students from the Two Sections
In both sections, most students who dropped the course did 
so before the first exam: in the partially flipped section, six 
dropped in the first week of class, and three dropped just 
before or after the second exam. In the fully flipped section, 
seven dropped within the first 10 d of class, one dropped 
after the first exam, and two dropped just before or after the 
second exam. These students were not included in the anal-
ysis shown in Table 3. Comparison of withdrawal rates from 
the two sections indicated no significant difference in the 
number of students withdrawing from the two sections (nine 
from the partially flipped section, 10 from the fully flipped 
section), with no significant difference in gender, major, eth-
nicity, or class standing of students who dropped the class 
between the two sections. There were, however, dispropor-
tionate numbers of nonwhite students who dropped from 
both sections: 5/9 in the partially flipped section and 6/10 
in the fully flipped section. This is consistent with data that 
show that a disproportionately large number of STEM-inter-
ested underrepresented minority students fail to complete 
their studies with a STEM degree (Freeman et al., 2014).

Mastery of Students in the Two Sections of Factual 
Knowledge versus Application Skills
The effectiveness of active learning likely depends on how 
cognitively demanding the assessments are (i.e., there is like-
ly to be little effect of active learning on exams that primarily 
assess factual recall). To address this issue, we categorized 
the exam questions we used (for all four exams) by Bloom’s 
level; the percentages of each level of question for the differ-
ent exams are shown in Table 5. In each exam, 50–73% of the 
questions were level 3 (“apply”) and only 17–24% were level 
1 (“remember”).

A further consideration related to the difference in how 
class was spent by the two sections. In particular, students 
in the partially flipped section had a greater opportunity to 
ask questions during the lecture, when background material 
was being presented, than did students in the fully flipped 
section. It was therefore possible that the partially flipped 
section had a greater level of mastery of background mate-
rial than did the fully flipped section. Conversely, students 
in the fully flipped classroom had more opportunity for 
application of concepts than did students in the partially 
flipped section. It was therefore possible the fully flipped 

Table 5. Type of exam question (%) categorized using Bloom’s 
taxonomya

Bloom’s level Exam 1 Exam 2 Exam 3 Final

1 Remember 20 20 17 24
2 Understand 23 7 33 14
3 Apply 57 73 50 62
4 Analyze 0 0 0 0
5 Evaluate 0 0 0 0
6 Create 0 0 0 0

aExam questions were categorized using definitions of Bloom’s 
level listed in www.colorado.edu/sei/documents/Workshops/
Handouts/Blooms_Taxonomy.pdf.

Table 6. Percentage incorrect answers per student per question 
for final exam questions categorized as more factual (background 
knowledge) versus more applied (requiring calculation, interpreta-
tion, etc.) 

Type of questiona Fully flipped
Partially 
flipped p Valueb

Factual questions 30% 31% 0.85
Applied questions 33% 31% 0.44

aThere were 13 factual and 37 applied questions.
bp Values obtained using a t test comparing the two sections for 
number of incorrect answers per student per question for factual vs. 
applied questions.
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active learning during class time, the main difference being 
the amount of time devoted to this: for the fully flipped 
section, all class time was available for active learning and 
discussion, as background material was presented before 
class time, whereas in the partially flipped section, there was 
much less time for active learning and discussion during 
class time, as background information was also presented 
during this time.

Overall Findings
Several key findings were made. First, there were no signif-
icant differences in objective measures of student success in 
the two sections (Table 3). Second, analysis of student suc-
cess in the two sections revealed that students of non fresh-
man standing did equally well both within and between 
sections. (The freshmen did significantly less well than 
did sophomores, juniors, and seniors in the fully flipped 
but not the partially flipped section, but this was based on 
just six freshmen [see Limitations of the Study below]; there 
was, however, no significant difference in freshman success 
between the two sections.) Third, prior GPA was the only 
significant predictor of success in the class. Fourth, rates 
and demographics of students withdrawing from the two 
sections were not significantly different, though a dispro-
portionate number of nonwhite students withdrew from 
both sections. Fifth, analysis of the responses to the anony-
mous survey revealed positive attitudes toward the course 
in both sections and no significant differences between 
the two sections in students’ attitudes toward the course 
and the topic of genetics and evolution (Figure 1). There 
was, however, a difference in student attitudes toward the 
flipped classroom format—89% of students in the partially 
flipped section said they preferred the nonflipped lecture 
format, whereas only 42% of students in the fully flipped 
section said they preferred the nonflipped approach. The 
latter finding suggests that, once students are exposed to 
more active forms of instruction, they may be less resistant 
than might be expected (Seidel and Tanner, 2013).

they preferred the nonflipped approach. When students 
in the partially flipped section were asked to explain their 
preference, of the students who preferred the in-class lecture 
format, about one-third said it was more personal, engag-
ing, and easier to ask questions; another third focused on 
the discipline provided by an in-class format, that is, that it 
was easier to come to class and to focus on the material in 
the classroom; and about one-third expressed miscellaneous 
reasons (e.g., they were paying to interact with the profes-
sor, they do better in traditional lecture formats, and they 
generally dislike online materials). When students in the ful-
ly flipped section were asked to explain their preference, of 
those who preferred the flipped approach, the most frequent 
reason (about half the comments) was that they liked using 
class time to apply what they had learned before class, and 
also to ask questions and get help rather than struggle with 
problems on their own. About one-fourth of the comments 
from these students also indicated that students liked being 
able to replay the lecture and go through it at their own pace. 
Of the students in the fully flipped section who would have 
preferred the in-class lecture format, the most frequent re-
sponse (about half the comments) was that it would have 
been less time-consuming and easier to focus on material if 
it was presented in the classroom. Other comments included 
difficulty of getting the online lecture to work, finding in-
class lectures more personal, and so on.

DISCUSSION

In this study, we compared the effect of using the fully 
flipped versus partially flipped approach in two sections of a 
course in genetics and evolution (BIO 240, a sophomore-lev-
el 16-wk course at Northern Arizona University, which is 
a large, culturally diverse, public institution in the United 
States). In both sections, which were taught in a single se-
mester by the same instructor, identical lecture content, in-
class assessments, postclass quizzes, and validated pre- and 
post-GCA (Smith et al. 2008) were used. Both sections used 

Figure 1. Attitudes of students in the 
fully and partially flipped sections. 
Agreement levels of 1–5 indicate student 
responses to statements i–vi, where 1 = 
strongly disagree, 3 = neutral, and 5 = 
strongly agree. The wording of the state-
ments was: (i) “The material in this class 
is very interesting to me”; (ii) “Genetics 
and Evolution is one of my favorite sub-
jects”; (iii) “The material presented in 
this class is relevant to my life”; (iv) “The 
material presented in this class is relevant 
to my major/career”; (v) “I am willing 
to spend additional time reading about 
genetics topics”; (vi) “If I had a chance, 
I would like to do a research project in 
genetics.”
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Our study shows that, when active-learning methods such 
as the ones described in this study are used, the fully flipped 
and partially flipped approaches have similar outcomes in a 
sophomore-level course in genetics and evolution at a large, 
culturally diverse public university in the United States.

Time Spent in Active Learning
In their meta-analysis of studies comparing active learning 
with the traditional lecture format, Freeman et  al. (2014) 
suggest research now be focused on determining how best 
to teach with active learning. For example, what is the re-
lationship between amount of time spent in active learning 
and student success? In the present study, we found that the 
use of active learning (through the use of problem sets) in 
the classroom was equally effective whether the entire class 
period or just a fraction of it was devoted to active learning. 
This was a somewhat surprising result, as we had expected 
that a higher proportion of class time spent in active learning 
would be beneficial and that rushing students through prob-
lem sets at the end of a lecture period would be less effective 
than allowing them to explore the problem sets at a more 
leisurely pace.

There are several possible explanations for this finding. 
First, it is possible that additional or other approaches to 
active learning would have been more effective than those 
used in this study; future research should be directed at de-
termining what types of activities are most effective in elicit-
ing active learning (Andrews et al., 2011; Freeman et al., 2014; 
Eddy et al., 2015). Second, it is possible that, if we had mea-
sured differences in learning at Bloom’s levels 4–6 on the 
exams, we would have seen a difference between the two 
sections, as active learning is likely to be most important 
for higher levels of learning. The GCA, however, contains 
questions that address higher Bloom’s levels, and we saw no 
significant difference between the sections in improvement 
in the GCA (either overall or when questions were catego-
rized by Bloom’s level; unpublished data). Third, it is possi-
ble that students in the partially flipped section were more 
actively engaged with the background material than were 
students in the fully flipped section (e.g., the opportunity 
to listen to and respond to one another’s questions during 
class, when this material was presented, may have increased 
engagement in the partially flipped class). This might have 
resulted in little overall difference between the two sections 
in time spent in active learning. Fourth, it is possible that, as 
the largest effect of active learning on student performance 
appears to be in smaller classes (Freeman et  al., 2014), we 
would have seen a relationship between time spent in active 
learning with problem sets and student success in a smaller 
class.

Limitations of the Study
In this study, we used a quasi-experimental approach to de-
termine the impact of spending an entire, versus just a small 
proportion, of the class period on active learning. The study 
was designed to keep as many other elements of the class 
as possible the same between the two sections. There were, 
however, differences that were not possible to eliminate, 
and other limitations that arose due to the way in which 
the study was conducted. First, it was not possible to assign 
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students randomly to one of the two sections, as the sections 
were not concurrent (a physical impossibility, because the 
same instructor taught both sections); the design of the study 
is therefore “quasi-experimental” rather than “experimen-
tal.” Thus, it is possible that students self-selected into one 
of the two sections in a way we were unable to detect. The 
demographics of the two sections, however, indicate no sig-
nificant difference in prior GPA, gender, ethnicity, major, or 
class standing.

Second, although the data indicate a significant over-
all effect of class standing on performance, with freshmen 
performing significantly less well than students of higher 
standing, this conclusion is very limited by the number of 
freshmen (just two in the partially flipped section and four 
in the fully flipped section); it should therefore be consid-
ered no more than a preliminary finding that warrants fur-
ther research to determine whether the result bears out with 
a larger sample.

Third, as described above, it is possible that the lack of 
observed difference between student outcomes in the two 
sections was because the data-collection tools (e.g., the ex-
ams) were not the correct ones for capturing this difference. 
Although the GCA measures learning at both higher and 
lower levels of Bloom’s taxonomy, our finding that there 
was no significant difference between the two sections with 
this tool may be limited by the way in which the GCA was 
administered (online, instead of during class time). It is pos-
sible that it was not taken seriously by the students because 
of this, and in retrospect, it would have been better to em-
bed the posttest questions in the final exam, as was done 
previously (Smith et al., 2008). The very high SD that we see 
for the GCA improvement and the fact that fewer students 
completed both the pre- and post-GCA than completed the 
course (Table 3) may be indicative of this limitation. Future 
research should aim to determine whether students shift 
in their abilities to think at a higher level (e.g., analysis, 
evaluation).

Fourth, it is possible that there are differences in long-
term appreciation of genetics and/or understanding or 
ability to apply the concepts from this class. We are cur-
rently conducting a longitudinal study to examine this pos-
sibility, by having students in courses for which BIO 240 is 
a prerequisite take the GCA before the beginning of those 
courses.

Fifth, the anonymous end-of-semester survey indicates 
that students had similar attitudes toward the subject matter. 
The results of this survey, however, are limited in their value, 
as they are based on just 67–69% of students responding 
to the survey. In future studies, we would provide a small 
incentive (e.g., a bonus point) for completing the survey to 
increase participation.
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