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ARTICLE

ABSTRACT 
A flipped-classroom environment generally strives to create more in-class time for activ-
ities that enhance student learning, while shifting some content delivery to outside the 
classroom through the use of short didactic videos. We compared a flipped-classroom 
setting with the traditional (“control”) setting for an accelerated lower-division general 
biology course. Student self-reporting and video analytics functions showed ample and 
variable video viewing among individual students. Student learning was evaluated through 
quizzes administered after a set of concepts were covered (post 1) and at the end of the 
course (post 2). Students in the flipped sections had significantly higher quiz scores than 
students in the control sections for both post 1 and post 2. Analyses of variance analyz-
ing the effect of and interactions between type of instruction, in-class activities, time, and 
Bloom’s level of the quiz questions found significant differences in the overall model and 
all the factors, except for the presence and level of activities. Significant differences be-
tween students in the flipped and control sections were observed for low-level Bloom’s 
questions only. Thus, the positive effect of the flipped-classroom approach on student 
learning may be due to improvements in recall of basic concepts and a better understand-
ing of biology vocabulary in their first biology course.

INTRODUCTION
Two current major concerns in U.S. higher education are a decrease in the number of 
graduates in science, technology, engineering, and mathematics (STEM) disciplines 
and underrepresentation of minorities among such graduates (President’s Council of 
Advisors on Science and Technology [PCAST], 2012; Chen and Soldner, 2013). STEM 
educators face the challenging task of not only rethinking their teaching approaches to 
ensure students persist and succeed in their disciplines, but also doing so in a way that 
promotes diversity (McGlynn, 2017). As students bring their unique backgrounds and 
experiences to the classroom, the onus is on the instructors to address “how to select 
the right tools for the job, how to use the tools, and what latitude there is for using a 
range of tools” (Dolan, 2015, p. 1).

In the past decade, the biology education research community has identified 
a number of evidence-based instructional practices (Freeman et al., 2007, 2011; 
Handelsman et al., 2007; Bradforth et al., 2015; Eddy et al., 2015; James and Singer, 
2016; Jordt et al., 2017). Overall, hands-on, inquiry-based, and active-learning 
approaches seem to have a positive impact on student learning and engagement 
(PCAST, 2012; Freeman et al., 2014; Dirks and Knight, 2016; Ballen et al., 2017). 
Moreover, it has been described that active-learning approaches and more structured 
teaching disproportionately benefit certain demographic populations such as Blacks/
African Americans, Hispanics, and first-generation college students (Freeman et al., 
2007; Haak et al., 2011; Eddy and Hogan, 2014). National calls such as the Vision and 
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Change (VC) reports (American Association for Advancement 
of Science [AAAS], 2011, 2015) and Engage to Excel (PCAST, 
2012) advocate for the introduction of such practices to increase 
student engagement and learning.

Among the growing volume of research dedicated to science 
education, studies tend to be conducted by traditional institu-
tions with traditional students, despite nontraditional students 
currently representing the majority of the student population 
(Radford et al., 2015). Nontraditional students are character-
ized as older, often having jobs, and having higher minority 
representation, while traditional students tend to be full-time 
students who are 18–24 years of age (Choy, 2002). Within 
biology education in general, one review found that only 3% 
of articles published explicitly included community colleges 
(Schinske et al., 2017). For active-learning modalities specifi-
cally, no nontraditional institutions or community colleges 
were represented in an extensive review (Freeman et al., 2014). 
A recent study that surveyed instructional practices via class 
observations in seven STEM disciplines focused exclusively on 
24 doctorate-granting institutions and one primarily under-
graduate institution (a state university; Stains et al., 2018). This 
underrepresentation is particularly curious, as active-learning 
approaches have been shown to decrease the achievement gap 
of underrepresented minority (URM) students (Haak et al., 
2011; Estrada et al., 2016; Ballen et al., 2017). The growing 
population of nontraditional students in nontraditional institu-
tions highlights the need to expand education research in the 
field.

One effective strategy to maximize active-learning approaches 
in the classroom and provide students with individualized sup-
port is “flipping” the classroom. The flipped classroom is usually 
associated with providing course materials, frequently in the 
form of video-based lectures for students to engage outside the 
classroom, which enables in-class time to be repurposed for stu-
dent-centered collaborative learning activities (Strayer, 2011; 
Hamdan et al., 2013). Students in a flipped classroom therefore 
have the benefit of being able to access material traditionally 
disseminated in lecture in an unlimited capacity.

It is important to note that just providing videos for students 
to watch outside the classroom does not represent the pedagog-
ical approach of flipped learning, in which “direct instruction 
moves from the group learning space to the individual learning 
space, and the resulting group space is transformed into a 
dynamic, interactive learning environment where the educator 
guides students as they apply concepts and engage creatively in 
the subject matter” (Flipped Learning Network, 2014). The pil-
lars of flipped learning can be explained using the letters F-L-
I-P: Flexible environment, Learner-centered approach, Inten-
tional content, and Professional educators (Flipped Learning 
Network, 2014). An optimal flipped-learning environment sup-
ports and engages students by increasing both extrinsic and 
intrinsic motivation and managing the cognitive load more 
effectively (Abeysekera and Dawson, 2014). In the field of biol-
ogy, the flipped-classroom approach has been shown by some 
authors to enhance student metacognition and collaborative 
learning (Van Vliet et al., 2015) and to improve student out-
comes (Gross et al., 2015) among other positive results, while 
others reported no difference between the control and flipped 
sections (Yong et al., 2015; Adams et al., 2016; Arnott and 
Planey, 2017).

The present study addresses the implementation and assess-
ment of a flipped-learning approach in an intensive course set-
ting with a nontraditional student population. Nontraditional 
students and millennials prefer flexible formats that allow them 
to juggle multiple responsibilities (Aslanian, 2017), which may 
explain the popularity of intensive (accelerated) course for-
mats. In such settings, students complete their courses in a 
shorter time frame by attending more frequent and longer class 
times. Studies have shown that accelerated programs can be 
as successful and rigorous as their traditional counterparts 
(Wlodkowski and Kasworm, 2003; Baun, 2008). Moreover, fea-
tures of high-quality intensive courses overlap with the pillars 
of FLIP, including instructor characteristics and active learning 
in the classroom (Scott, 2003).

National University (NU), a private, nonprofit, compre-
hensive university, serves a primarily nontraditional student 
population, with an average student age of 32 and a high 
representation of minorities, including 10% African Ameri-
cans, 10% Asians, and 28% Hispanics (College Board, 2017). 
The high proportion of Hispanic students qualifies NU 
as a Hispanic-serving institution (Hispanic Association of 
Colleges and Universities—HACU, n.d.). NU’s accelerated 
course format consists of 45 contact hours provided through 
10 class sessions in a 4-week period. Students take only one 
course at a time. The 4.5-hour class time lends itself to 
in-class activities and multimedia content to enhance the lec-
ture content.

The authors’ goal was to establish a flipped-classroom design 
together with a set of ungraded in-class activities in a lower-di-
vision undergraduate biology course. The activities were 
intended to reinforce key concepts and support acquisition of 
higher-level learning. This study examined the effectiveness of 
the flipped-classroom approach in an accelerated setting in 
comparison with the more traditional, passive lecture peda-
gogy. Our hypotheses were that 1) students in the flipped 
sections would score better than students in the control sections 
in a set of quizzes targeting specific biology concepts, 2) their 
scores would remain higher with time, and 3) implementation 
of ungraded in-class activities would positively affect the scores 
of student quizzes.

METHODS
Human Subjects Protocol
This project was exempted by the NU Institutional Review 
Board (document 704990-5).

Course
The BIO161 course is the first in a series of three courses corre-
sponding to the majors’ general biology curriculum. The course 
is a requirement for the bachelor’s of science (BS) in biology, 
the BS in clinical lab science, and the BS radiation therapy 
programs. BIO161 covers basic concepts of biochemistry, cell 
biology, and genetics. The official learning objectives (LOs) of 
the course address topics related to biomolecules, cell struc-
ture, metabolic processes, genetics, and molecular biology 
(Supplemental Table 1S). The course is taught in an acceler-
ated format of 4 weeks, with 45 hours of in-class time (corre-
sponding to 10 sessions of 4.5 hours, twice a week in addition 
to two Saturdays). Students do not take any other courses 
during this time.
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FIGURE 1. General designs of the flipped versus control (traditional) sections. In the 
flipped sections, students watched the learning videos before coming to class, where they 
engaged in active learning, while students in the control sections had only lectures in 
class. Both sections received the same quiz questions at the end of first week of class (post 
1) and at the end of the course (post 2).

TABLE 1. Student demographics in the flipped and control 
sectionsa

Characteristics
Flipped  
(N = 88)

Control  
(N = 54)

Female 55.68 55.56
Male 43.18 44.44

Ethnicity
American Indian/Alaskan Native 1.14 1.85
Asian 15.91 9.26
Black or African American 7.95 9.26
Hispanic 26.14 27.78
Native Hawaiian/Pacific Islander 0 1.85
Ethnicity unknown 7.95 5.56
Two or more races 5.68 3.70
White 34.09 40.74

Age groups
19–24 10.23 14.81
25–34 70.45 57.41
35+ 19.32 27.78

aNumbers represent percent of total per group. There were no significant differ-
ences between the flipped and control populations using the chi-square test.

Study Population
Between January 2015 and April 2017, general biology stu-
dents were taught in either a flipped format (five sections, 
total N = 88) or a traditional lecture (“control”) format (three 
sections, total N = 55). Students were not aware beforehand of 
the format of the section. Sections were taught on three differ-
ent campuses and scheduled with at least 6 months between 
sections on the same campus to minimize the possibility that 
students might exchange materials or quiz questions. In this 
work, we report data from students who completed both the 
post 1 and post 2 quizzes, resulting in a final N = 46 for the 
flipped section and N = 38 for the control section. Student 
demographic and grade point average (GPA) data were 
collected anonymously through the university’s Office of Insti-
tutional Research. Section sizes ranged between 9 and 21 
students.

Student demographic and GPA data are shown in Table 1. A 
chi-square test did not reveal significant differences between 
the flipped and the control populations regarding gender, age, 
or ethnicity (unpublished data).

Course Design
The general designs of the control and flipped sections are 
summarized in Figure 1. Both types of courses used the same 
textbook, covered the same chapters, and had the same learn-
ing outcomes. A total of five instructors were involved in the 
study: two of the study authors (A.M.B. and V.C.A.) taught the 
flipped sections, while three other instructors taught the con-
trol sections. All instructors were comfortable with the mate-
rial, with teaching experience at the university ranging from 8 
to10 years.

In the flipped sections, students had the opportunity to 
review biology concepts by watching prerecorded videos before 
attending class (see Recording and Deployment of Lectures 
section). The flipped design also included short lectures 
(∼15 minutes) to focus on more difficult concepts, and the 
remaining time was spent engaging in active-learning exercises 
such as simple experiments and completion of worksheets in 
small groups, pairs, or individually (see Activities section). In 
the control sections, students received lectures in class. Instruc-
tors of the control sections did not use prerecorded videos or 
require students to watch any videos before attending class. All 
control instructors did incorporate watching videos during class 
time, and one instructor incorporated a group activity related to 
mitosis (corresponding to LO4, which was not examined in this 
study). No other active-learning activities were conducted in 
the control sections.

Recording and Deployment of Lectures
The instructors teaching the flipped sections recorded short 
(max. 15-minute) screencasts using Camtasia software 
(Techsmith, Okemos, MI). Annotations were added using the 
Doceri program (SP controls, San Francisco, CA) from an iPad 
screen mirrored on the computer. The recordings were 
exported to mp4 format, and uploaded to the university’s 
Kaltura Mediaspace video portal (Kaltura, New York, NY), 
from which they were embedded in the course Blackboard 
(Bb) shell. The total number of views was monitored through 
the Kaltura analytics function. The number of views per stu-
dent were collected through student self-reporting, and in 
some cases by using the statistics-tracking feature of Bb.

Assessment
Two course-level LOs were assessed in this study: 1) describe 
fundamental concepts in chemistry and biochemistry, including 
the properties of water, important organic molecules, and acids 

and bases; and 2) explain cell structure 
and function and the difference between 
prokaryotes and eukaryotes. LOs were 
assessed using questions evaluating differ-
ent skills per Bloom’s taxonomy of learn-
ing (Anderson et al., 2001). Three instruc-
tors independently scored the questions 
based on the Blooming Biology tool 
(Crowe et al., 2008), and questions were 
assigned low, medium, or high Bloom’s 
levels by consensus. Questions were also 
aligned to the in-class activities students 
completed in the flipped sections (see 
Activities section). All the quiz questions, 
their Bloom’s levels, and their associated 
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FIGURE 2. (A) Total number of video views per major topics according to the Kaltura 
analytics function of the flipped sections, reflecting the study period. (B) Student 
self-reports of the number of times they reviewed the flipped-classroom videos (N = 52).

TABLE 2. In-class activities used in the flipped sections, their scores and alignment to quiz questions, and the Bloom’s levels of the quiz 
questions

LO Activity name Activity level (score)a Bloom’s level of mapped quiz question

1 pH activity Low (5) Low
1 Molecular models to review functional groups and biomolecules High (12) High
2 Cell structures sheet Low (4) Medium
2 Organelle function sheet Low (4) Medium
2 Dialysis exercise High (12) High
aActivity scores were based on the factors described in Supplemental Table 3S.

activities are shown in Supplemental Figure 1S. Nine of the 15 
quiz questions had associated in-class activities.

Flipped and control sections were administered identical 
questions at two time points. Post 1 quizzes were administered 
at the end of week 1 of the class for both the flipped and control 
sections (Figure 1). In the flipped sections, students had lecture 
videos and in-class learning activities available to them before 
taking the post 1 quiz, while in the control sections, students 
completed the post 1 quiz after only in-class lectures. Post 2 
quizzes contained the same questions as post 1, and were 
administered at the end of week 4 of the course in both the 
control and flipped sections. Week 4 is the last week of these 
accelerated biology courses. While post 1 questions were part of 
required (graded) assignments, post 2 questions were adminis-
tered as a voluntary set.

Activities
Ungraded in-class activities were chosen to address major bio-
logical concepts throughout the course. Table 2 shows the activ-
ities used in the flipped sections that aligned to the quiz ques-
tions addressing LO1 and LO2. Brief descriptions of all in-class 
activities can be found in Supplemental Table 2S. Supplemental 
Table 3S shows the rubric developed to rank the activities based 
on factors that have been described as having a high impact on 
learning (D’Avanzo, 2013; Shaffer et al., 2014; AAAS, 2015). 
Activities were scored and averaged by three independent 
instructors and classified as low, medium, and high level. The 
activities associated to the concepts assessed in the quiz had 
either a high (≥10) or low (≤5) level. Medium-level activities, 
while used in the flipped sections, were not aligned with quiz 
questions and were therefore excluded from the analysis.

Statistical Analysis
Student demographic data for the flipped and control sections 
were compared using the chi-square test.

Because our data set contained both paired (two measures 
on the same student) and unpaired (control vs. flipped) data, 
we used repeated-measures models to simultaneously test for 
effects over time and effects from other variables. Pairwise com-
parisons of flipped and control sections were also tested using 
Student’s and paired t tests.

To assess the effect of different variables (activity levels 
associated with questions and the Bloom’s level of questions), 
we calculated the Akaike information criterion (AIC) for each 
set of parameters to determine the best model. A repeated-mea-
sures analysis of variance (ANOVA) was then performed on the 
matched student data (percent of correct answers) to map the 
effect of treatment (type of instruction), time, and Bloom’s level 
on student scores. For these analyses, JMP software was used 
(SAS Institute, Cary, NC). Graphs were generated using Prism 7 
(GraphPad Software, La Jolla, CA).

RESULTS
Video Watching Varied per Student and Topic
Figure 2A shows the total number of views grouped by major 
biology topics. Most views were dedicated to biomolecules 
(LO1), followed by cells (LO2), and finally basic chemical con-
cepts (LO1). Ninety-four percent of the students self-reported 
that they watched the videos, with 10% reporting that they 
watched each video more than five times (Figure 2B). Through 
the statistics-tracking feature of Bb, view data for individual 
students were obtained. Number of total video views per stu-
dent per course ranged from 0 to more than 100, with some 
students viewing individual videos up to 15 times (unpublished 
data).

Students in Flipped Sections Answered More Questions 
Correctly Than Students in Control Sections
Students in both the control and flipped sections completed a 
set of questions during the first and last week of their courses 

(post 1 and post 2, respectively, Supple-
mental Figure 1S). When the percent of 
correct answers was compared, an inde-
pendent-samples t test indicated that 
scores were significantly higher for stu-
dents in the flipped sections compared 
with students in the control sections both 
in post 1 (M = 61.5 and 45, SD = 17.4 and 
16.1 for flipped and control sections, 
respectively; t(81) = −4.54, p < 0.001, d = 
0.97) and post 2 (M = 66.2 and 54.9, SD = 
18.2 and 20.5 for flipped and control, 
respectively; t(75) = −3.11, p = 0.017, d = 
0.51; Figure 3). There was no significant 
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FIGURE 3. Percent of correct answers to the question set 
in the flipped and control sections at the beginning (post 1) and 
the end (post 2) of class. Post 1 was administered after the 
concepts were taught (via either flipped methodology or control 
lecture approach). Significant differences were observed 
between students in the flipped (N = 46) and control (N = 38) 
sections by t tests (p < 0.001 and p = 0.017 for post 1 and post 2, 
respectively).

FIGURE 4. Percent correct answers based on learning outcomes (LOs) for post 1 and post 
2 (flipped, N = 46; control, N = 38). (A) LO1 significant differences were observed between 
students in the flipped and control sections by t tests (p < 0.001 and p = 0.001 for post 1 
and post 2, respectively). (B) LO2 significant differences were observed between students 
in the flipped and control sections by t tests for post 1 (p = 0.001) but not post 2. LO2 
scores of students in the control sections improved significantly from post 1 to post 2 
(p = 0.001).

difference between post 1 and post 2 scores for the flipped pop-
ulation (paired t test, unpublished data).

When the percent of correct responses was compared by LO, 
the statistical significance between flipped and control sections 
remained (Figure 4, A and B). For LO1 at post 1, students in 
the flipped sections performed significantly better (M = 61.37 
and 45.34, SD = 19.85 and 20.81 for flipped and control sec-
tions, respectively; t(82) = 3.60, d = 0.789, p < 0.001), and the 
difference remained significant at post 2 (M = 67.5 and 52.18, 
SD = 20.35 and 21.73, respectively; t(82) = 3.33, d = 0.723, p = 
0.001). For LO2, the difference was significant for post 1 only 
(M = 61.96 and 43.42, SD = 24.57 and 25.79, respectively; 

t(82) = 3.37, d = 0.736, p = 0.001), because control students’ 
LO2 scores improved significantly from post 1 to post 2 (M = 
43.42 and 62.5, SD = 25.79 and 30.62, respectively; t(37) = 3.5, 
d = −0.674, p = 0.001).

Students in Flipped Instruction Performed Significantly 
Better Only on Low-Level Bloom’s Questions
To further assess the factors contributing to higher scores in the 
flipped sections, we used a multivariate approach to analyze 
the data in more detail. Based on AIC scores for both post 1 and 
post 2 regressions, the best-fit model was one that separated 
student scores by the Bloom’s level of the question and type of 
instruction, as well as interactions between these variables. The 
level of activity associated with each question did not signifi-
cantly enhance the fit of the model.

When analyzing student scores per Bloom’s level of the 
questions, not unexpectedly, the lowest scores corresponded 
to the highest-level Bloom’s questions for both flipped and 
control sections (35.8 and 30.3% at post 1, and 46.4 and 39% 
at post 2 for flipped and control, respectively). Interestingly, 
the highest scores corresponded to the medium-level Bloom’s 
questions for students in both flipped and control sections, 
though these were not significantly higher than those for low-
level Bloom’s questions. Students in flipped sections per-
formed significantly better on low-level Bloom’s questions in 
post 1 (M = 67.9 and 39.3, SD = 0.243 and 0.269, respectively, 
t(75) = −5.29, p < 0.001, d = 1.23) and in post 2 (M = 70.1 and 
54.9 and SD = 0.279 and 0.263, respectively, t(80) = −3.466, 
p = 0.0008, d = 0.760). For medium-level Bloom’s questions, 
only in post 1 did students in flipped sections perform signifi-
cantly better than students in control sections (M = 71.1 and 
55.7, SD = 0.228 and 0.237, respectively, t(78) = −2.44, p = 
0.017, d = 0.537). There was no significant difference in high-
level Bloom’s questions at either time point. At each level, stu-
dents in the flipped sections scored higher than students in the 
control sections, although the latter group’s scores improved 
with time (Figure 5).

Repeated-measures ANOVA was used 
to discern the effect and interactions of fac-
tors such as type of instruction, time, and 
Bloom’s level on the improved perfor-
mance of the students in the flipped sec-
tions. Table 3 summarizes the effects of the 
different factors on student results. The 
model showed overall significant differ-
ences (F(3, 248) = 24.1, p < 0.0001, ηp2 = 
0.0753). Significant differences were found 
based on treatment (flipped vs. control, 
F(1, 248) = 39.1, p < 0.0001, ηp2 = 0.1363) 
and Bloom’s level of questions (F(1, 248) = 
24.2, p < 0.0001, ηp2 = 0.0889). The pre-
dicted overall effect of time (from post 1 to 
post 2) was not significant (F(1, 248) = 
0.0646, p = 0.7996, ηp2 = 0.0003). These 
results were qualified by interactions 
between time and Bloom’s level (F(1,248) 
= 4.21, p = 0.0412, ηp2 = 0.0167) and 
between treatment and Bloom’s level (F(1, 
248) = 5.7, p = 0.018, ηp2 = 0.02255). The 
interaction between time and Bloom’s level 
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TABLE 3. Repeated-measures ANOVA of matched student scoresa

Test F df p value ηp2

All between 24.1 3, 248 < 0.0001 0.0753
Treatment 39.1 1, 248 < 0.0001 0.1363
Bloom’s 24.2 1, 248 < 0.0001 0.0889
Treatment*Bloom’s 5.70 1, 248 0.018 0.0225
All within 2.54 3, 248 0.057 0.010
Time 0.065 1, 248 0.7996 0.0003
Time*treatment 2.80 1, 248 0.096 0.011
Time*Bloom’s 4.21 1, 248 0.0412 0.0167
aFactors analyzed included treatment (flipped vs. control), Bloom’s level of the 
questions, and time (post 1 vs. post 2). Significant differences were observed in 
the overall model, type of instruction (flipped vs. control), and Bloom’s level of 
questions, but not in time (post 1 vs. post 2).

FIGURE 5. Percent of correct answers in the flipped and control 
sections, per Bloom’s level of the questions. Significant differences 
were observed between flipped and control sections for the 
low-level Bloom’s questions, both at post 1 and post 2 (p < 0.001). 
For medium-level Bloom’s questions, the difference was significant 
only at post 1.

can be explained by students improving much more over time 
on low-level Bloom’s questions. The interaction between Bloom’s 
level and treatment appears to be explained mostly by low- and 
medium-level Bloom’s questions. When answering low-level 
Bloom’s questions, students in the flipped sections scored signifi-
cantly higher than students in the control sections for both post 
1 and post 2, but for medium-level Bloom’s questions, that dif-
ference was only observed at post 1, as discussed earlier.

DISCUSSION
Although the flipped-classroom method has been in use for 
more than 15 years, it still has no unified theoretical framework 
or methodology (Bishop and Verleger, 2013; Zuber, 2016), and 
it continues to present as widely varied implementations across 
educational settings and academic disciplines (Lage et al., 
2000; Bishop and Verleger, 2013; Estes et al., 2014; Uzunboylu 
and Karagozlu, 2015; Zuber, 2016). However, it is accepted 
that most flipped settings feature video lectures watched out-
side the classroom, in-class activities, and limited lecturing 
during class time (Bishop and Verleger, 2013; Hamdan et al., 
2013). Studies of flipped-classroom approach in accelerated 
courses have been rare. Francl (2014) described implementa-

tion of the flipped-classroom approach in two accelerated 
accounting/finance courses at the master’s level (Francl, 2014), 
but did not present objective assessments. The flipped-class-
room approach was found effective and scalable in a 5-week 
introductory spreadsheet course (Davies et al., 2013). To our 
knowledge, no flipped-classroom studies have been reported 
for accelerated biology courses.

Challenges to flipping the classroom are many and can be 
individual, institutional, technological or nontechnological 
(Gardner, 2015). The intensive nature of the NU course format, 
with its longer 4.5-hour class time, lends itself naturally to the 
flipped approach. The authors’ goal was to create an intentional 
flipped-learning environment where, in addition to watching 
the prerecorded videos addressing specific concepts, students 
were involved in activities aligning with those same concepts in 
the classroom.

In addition, we were interested in how a predominantly 
nontraditional student population would respond to the 
change in course design. When minorities were grouped 
together, they made up ∼49–51% of the student population. 
Mean age was 29.41 and 29.93 in the flipped and control 
groups, respectively, highlighting the nontraditional nature of 
the student population.

When analyzing the results, several limitations should be 
considered. It is a common practice to have a pretest to com-
pare students’ previous knowledge in the experimental and 
control populations to guarantee it is comparable. Owing to 
the fast pace of the courses, having a pretest and the first 
posttest (addressing concepts such as biomolecules and cells, 
taught the first week of the course) with only 1 week of 
separation might have influenced students’ answers, so no 
pretest was administered. While there were no significant dif-
ferences between student demographics and GPA levels of the 
flipped and control sections, we cannot exclude that differ-
ences in previous knowledge may have influenced the results. 
Another limitation is that the instructors were different for 
the flipped and control sections. However, the number of 
years that each instructor has taught were similar (8–10 
years), all had taught this general biology course before the 
study, and they followed the same CLOs and used the same 
textbook. Finally, our results did not reveal the in-class activ-
ities as a significant factor in the better results of the students 
in the flipped sections, so our study cannot answer the ques-
tion as to what factor or factors were responsible for them. 
There have been conflicting results regarding to the reasons 
behind better student performance in the flipped setting, 
with some authors pointing to an increased course structure 
(Freeman et al., 2011), increased preclass preparation (Gross 
et al., 2015), active learning (Jensen et al., 2015), or even a 
more collaborative class climate (Strayer, 2012; Van Vliet 
et al., 2015).

Most students watched the videos, often multiple times, as 
evidenced by different measures from student self-reporting to 
analytics functions of both the media site and the course 
learning management system. In contrast to a previous study 
(Moravec et al., 2010), our students did not receive points to 
review these videos. However, they were told that the videos 
contained content that would be tested in class, which may 
have constituted enough motivation for students to review 
them.
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In the present study, students in the flipped sections correctly 
answered significantly more questions compared with the stu-
dents in the control sections, both after the material was covered 
(post 1) and at the end of the course (post 2). Because of the 
nature of the accelerated format, with in-class sessions of more 
than 4 hours in length, a pure lecture-based format is untenable. 
While students in the control sections did not have access to the 
recorded lectures, the instructors did include YouTube and pub-
lisher-provided videos during class time and conducted an 
in-class activity corresponding to a LO not included in this study. 
Therefore, the significantly higher scores of the students in the 
flipped sections are even more noteworthy. Interestingly, the 
quiz scores of students in the control sections approached those 
of the flipped sections by post 2. The overall improvement may 
be due to students remembering the quiz questions, because the 
same questions were asked in post 1 and post 2. Another possi-
bility is that, with time in class, control students became more 
comfortable with the material, especially as the concepts corre-
sponding to LO1 and LO2 are the basis of subsequent material of 
the later weeks of the course. Upon closer examination, the gain 
in quiz scores of students in the control sections was due to a 
significant improvement in the questions corresponding to LO2 
(cellular structure and processes). A possible explanation for this 
difference could be that students revisited LO2 concepts more 
often than LO1 concepts in the later portion of the course, and 
thus even control students did better in these questions when 
post 2 was administered.

Driven by the number of variables assessed in this study 
(flipping, timing of the quizzes, different Bloom’s taxonomy 
level of the quiz questions, as well as the presence and complex-
ity of in-class activities), we decided to evaluate the variables 
using AIC scores to determine the most appropriate model. 
Overall, type of instruction (flipped vs. control) and the Bloom’s 
level of the questions emerged as the significant variables of the 
study.

Regarding the Bloom’s score of questions, students in the 
flipped section answered more questions correctly at all three 
levels. Interestingly, the only statistical difference between 
flipped and control students at both post 1 and post 2 time 
points was observed for the lowest-level Bloom’s questions. As 
our original goal was to support students’ higher-order Bloom’s 
skills, this result was disappointing. However, considering that 
this course is students’ first encounter with biology material, 
the fact that students in the flipped sections would benefit 
mainly through improving lower-level learning skills is in and 
of itself not a negative. It has been reported that introductory 
biology students learn more vocabulary words than students 
taking an introductory foreign language course (Bravo and 
Cervetti, 2008), and for many students, remembering the 
many new scientific terms can be a major hurdle (diSessa, 
1993; Chi, 2005). In addition, one study found that active 
learning by itself did not correlate to better student learning of 
a more advanced concept such as natural selection. Improved 
learning of new biological concepts by repeatedly watching 
recorded lectures and reinforcement of this learning through 
in-class activities may in turn result in higher student retention 
during the challenging introductory science courses (Andrews, 
et al., 2011).

It is also noteworthy that student scores in the flipped sec-
tions were similar for post 1 and post 2, showing a lasting effect 

of the material learned at the very beginning of the course. It 
might be the case that having access to the recorded materials 
outside the class, in addition to a dynamic classroom environ-
ment early on, helped students to cement their learning of basic 
concepts. Students in accelerated courses require organization 
to facilitate learning and welcome active, creative approaches 
in the classroom (Scott, 2003). Moreover, freed from the 
requirement of extensive lecturing, instructors in flipped class-
rooms are able to dedicate more time not only to implement 
active learning, but also, if class size allows, for more direct 
interactions with students.

AIC scores indicated that activities did not have a significant 
effect on quiz scores. This result did not support our third 
hypothesis, which was based on studies that attributed the 
gains of the flipped approach to the use of active learning 
(Jensen et al., 2015) irrespective of time devoted to it in the 
classroom (Adams et al., 2016). In fact, our course design 
intentionally aligned more difficult concepts with higher-im-
pact activities. However, an extensive analysis of active-learn-
ing practices among randomly selected college instructors 
showed no effect of high-impact activities when evaluating 
students’ understanding of advanced concepts (Andrews et al., 
2011). Moreover, our results may support a previous study that 
claimed students in flipped classrooms do better than their 
control counterparts because of increased preclass preparation 
(Gross et al., 2015). Thus, the experimental design encourag-
ing students to watch the learning videos early on due to the 
post 1 quiz (as a required test) may have provided a more 
structured learning environment. Other studies have shown 
this to be beneficial in general (Freeman et al., 2011; Haak 
et al., 2011) and to disproportionately help certain demo-
graphic populations such as Blacks/African Americans, His-
panics, or first-generation college students (Quitadamo and 
Kurtz, 2007; Eddy and Hogan, 2014).

In general, students in our study overwhelmingly expressed 
their approval of hands-on active-learning practices in the class-
room. As one student stated in the official end-of-class survey: 
“Great great [sic] class!! This professor provided hands-on 
material for us to interact not just with each other but with the 
subject.” However, other aspects need to considered when eval-
uating the importance of the in-class activities. Chi (2009) 
described a framework to differentiate learning activities based 
on underlying learning processes, which may provide addi-
tional criteria to how activities are selected and classified. Their 
model classifies activities in three types: active, constructive, 
and interactive, based on the cognitive processes underlying 
each type (Chi, 2009). A closer examination of the in-class 
activities used in this study could help explain why their use 
was not a significant factor in students’ improved scores in the 
flipped sections.

Our study focused on a nontraditional student population: 
older and with a higher proportion of minorities. Active-learn-
ing pedagogy has been shown to enhance URM students’ self- 
efficacy and feeling of classroom social belonging, which in turn 
decreases the achievement gap between URM and non-URM 
students (Ballen et al., 2017). A similar effect of active learning 
reducing the biology learning gap was observed when compar-
ing students from educationally or economically disadvantaged 
backgrounds (EOP)—who are overwhelmingly URM—and 
non-EOP students (Haak et al., 2011). In a 2014 New Media 
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Consortium report, the flipped-classroom methodology was 
listed as one of the digital strategies in higher education that 
could “transcend conventional ideas and learning activities to 
create something that is new, meaningful, and 21st century” 
(Johnson et al., 2014, p. 34). This may be particularly useful for 
nontraditional students, as adult learners have been described 
as technologically savvy (Wlodkowski, 2017). Be it through a 
more structured course design, more preclass study time, a bet-
ter sense of community, acquisition of better study skills, or a 
combination thereof, active learning facilitated by a flipped set-
ting seems a straightforward approach to enhance student suc-
cess in the introductory biology classroom.

As nontraditional students, adult learners come to the class-
room with their life experiences, which provide a rich supply of 
resources for the learning process, but may also constitute a 
barrier due to misconceptions and incorrect mental habits 
(Knowles et al., 2015). As we move forward with the expansion 
of the flipped approach to all sections of this course, we are 
exploring the reasons for the improvement limited to low-
er-level cognitive skills. In an ongoing study, we use a think-
aloud strategy to explore how students apply biology concepts 
to higher-level Bloom’s open-ended questions. Preliminary 
results of students’ verbalized analytic processes often show the 
existence of misconceptions and a reliance on memorized infor-
mation. A better understanding of students’ difficulties will help 
to optimize the activities deployed in the classroom.

Because of current adult learners’ vast variety of beliefs, per-
spectives, incomes, experiences, and histories, there is no one 
way to address their educational needs. A flipped-classroom 
environment with in-class active learning is just one of many 
ways instructors could facilitate student learning by supporting 
the acquisition of knowledge using optimal approaches at each 
step of the way.
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