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ARTICLE

ABSTRACT 
Hybrid and online courses are gaining attention as alternatives to traditional face-to-face 
classes. In addition to the pedagogical flexibility afforded by alternative formats, these 
courses also appeal to campuses aiming to maximize classroom space. The literature, 
however, reports conflicting results regarding the effect of hybrid and online courses on 
student learning. We designed, taught, and assessed a fully online course (100% online) 
and a hybrid-and-flipped course (50% online 50% face-to-face) and compared those for-
mats with a lecture-based face-to-face course. The three formats also varied in the degree 
of structure; the hybrid course was the most structured and the face-to-face course was 
the least structured. All three courses were taught by the same instructor in a large His-
panic-serving research university. We found that exam scores for all students were lowest 
in the face-to-face course. Hispanic and Black students had higher scores in the hybrid 
format compared with online and face-to-face, while white students had the highest per-
formance in the online format. We conclude that a hybrid course format with high struc-
ture can improve exam performance for traditionally underrepresented students, closing 
the achievement gap even while in-person contact hours are reduced.

INTRODUCTION
To boost scientific discovery and grow the scientific workforce, it is imperative to 
increase participation of underrepresented minorities in the sciences (Malcom, 1996; 
Hrabowski, 2011). Broadening participation in the sciences requires us to reduce the 
barriers underrepresented minorities face in their undergraduate courses (Gibbs and 
Marsteller, 2016). Institutions of higher education trying to service more students and 
provide more flexibility are increasing course enrollments and using online 
technologies.

Two potential solutions for meeting the increasing demands on institutional spaces 
and resources are online and hybrid courses. In a 2012 survey, 33% of undergraduates 
had taken an online course (Allen and Seaman, 2014) and 55% were interested in 
taking one. Currently, there are not many online biology courses for biology majors 
(∼10% of online biology courses in one study; Varty, 2016) and, thus, not much is 
known about the impact of online courses for majors. One of the few studies with 
biology majors was conducted at a community college and found that traditional-age 
students performed just as well in face-to-face versus online biology courses, but that 
performance of non–traditional age students was worse in online biology courses 
(Garman, 2012). Online biology courses for nonmajors are more common, and sev-
eral studies found no impact of moving these courses online for student learning out-
comes relative to a traditional lecture-based face-to-face course (Johnson, 2002; 
Hughes, 2008; Hauser, 2016). Thus, there is not a consensus in the literature about 
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the merits of online courses versus traditional face-to-face 
courses for biology majors. Moreover, there are still questions 
about which student populations are best served by online 
courses and which are most affected.

Hybrid courses, in which instructor–student face time is 
reduced by half and replaced with online activities, also have 
the potential to reduce space and staffing needs and still allow 
direct student–instructor contact. Thus, hybrid courses are 
gaining attention as an alternative to traditional face-to-face 
classes or fully online courses. However, the literature reports 
conflicting results regarding the effect of hybrid courses on stu-
dent learning. Adams and collaborators (2015) compared two 
sections of introductory microbiology; one section was made 
hybrid by replacing one of two weekly face-to-face lectures with 
an online lecture while keeping everything else equal. Student 
performance, as measured by exam scores, was lower in the 
hybrid section, especially for minority students. On the other 
hand, a hybrid introductory biology course with additional 
assignments showed learning gains for minority students and 
found no difference for nonminority students relative to a tradi-
tional face-to-face version of the course (Riffell and Merrill, 
2005). Likewise, a hybrid section of introductory sociology with 
active learning was particularly effective in reducing the 
achievement gap for students of color compared with a tradi-
tional face-to-face lecture section (Luna and Winters, 2017). 
Thus, there are some hints in the literature that hybrid courses 
can have a positive effect on student learning relative to tradi-
tional face-to-face courses as long as class time is replaced with 
structured student-centered assignments rather than recorded 
passive lectures (Baepler et al., 2014; Crimmins and Midkiff, 
2017). Studies comparing student performance in hybrids 
versus fully online courses are still lacking.

We hypothesize that a hybrid course with high levels of 
in-class engagement and active learning and highly structured to 
increase student interaction with the material could increase 
student performance, including performance of traditionally 
underrepresented students, while reducing in-class contact time. 
Active learning has been shown to improve student performance 
across many disciplines in science, technology, engineering, and 
mathematics in higher education (reviewed in Freeman et al., 
2014). Furthermore, student performance in introductory biol-
ogy courses improves when active learning is combined with the 
addition of guiding course structures including: preclass assign-
ments, in-class engagement activities, and postclass review 
assignments. This increased course structure reduces the 
achievement gap, even when sections grow larger in size and 
have higher ratios of students per instructor and/or graduate 
teaching assistants (Haak et al., 2011; Eddy and Hogan, 2014).

We set out to study how a highly structured hybrid course 
that incorporated preparatory assignments, group work on 
problems in class, and review assignments impacted student 
performance relative to a traditional lecture and a fully online 
version of the same course. Our institution is a large Hispan-
ic-serving research university with a large proportion of 
underrepresented and first-generation students, so we were 
particularly interested in the effect course format had for these 
groups. We found that students in the hybrid course performed 
better on exams compared with students in the lecture or fully 
online versions of the course. We present our course design 
and how it relates to student success. This work adds to the 

emerging literature on hybrid courses and will inform curricu-
lar practices modeled after blended pedagogical strategies.

METHODS
We designed, taught, and assessed three versions of General 
Biology I: a traditional face-to-face, a fully online section, and a 
hybrid and high-structure course (50% online 50% face-to-
face). Here, we report the results from the hybrid course in 
comparison with traditional face-to-face and fully online 
courses. The formats varied in contact time, with the online 
format having the least contact and face-to-face having the 
most. The three formats also varied in the number of structured 
assignments students were expected to engage in beyond 
exams. The hybrid format had the highest number of tasks, 
while the face-to-face format had the fewest number of graded 
items per week.

Description of the Course
General Biology I is an entry-level course with large enrollment 
(average annual course enrollment: 2303 ± 312; average sec-
tion size: 367 ± 84). Enrollment for this course has grown by 
hundreds of students each year for the last few years. The 
course described in this study was offered at a large public His-
panic-serving institution in the Southeast as the first semester 
of a two-semester introductory biology sequence. This course is 
required for biology majors but is also taken by other science 
and engineering majors. The majority of the students in the 
course are in the pre–health track. Although multiple instructors 
teach this course in a year, all three sections used in this study 
were taught by the same instructor (S.G.) and covered the same 
topics. Course topics include general introduction to metabo-
lism, molecular biology, genetics, and evolution. The face-to-
face format was taught in Fall 2013, and the hybrid format was 
taught during Fall 2014. The online format was taught simulta-
neously with the other formats (Fall 2013 and Fall 2014). The 
formats differed in the number of hours students attended class 
in person and the number of required assignments (Table 1).

This course has an associated laboratory course, which is a 
required co-requisite. Labs are administered centrally for all 
sections of this course regardless of modality or instructor. All 
lab sections were fully in person, had the same curriculum, and 
were taught by teaching assistants, who are trained by the lab 
coordinator. There are between 30 and 40 lab sections per 
semester. Students enroll in the section that best fits their 
schedule.

Design of Face-to-Face, Hybrid, and Online Formats
Design of all three formats was informed by evidence-based 
practices from the discipline-based education research litera-
ture. Specifically, we will describe these courses in terms of the 
increased structure format (Freeman et al. 2011; Eddy and 
Hogan, 2014). A course with high structure refers to a course in 
which the instructor includes multiple activities as part of 
the course with the purpose of guiding student engagement 
with the course content. In a high-structure course, students: 
1) complete preparation assignments before coming to class, 
2) engage in active-learning exercises in class, and 3) complete 
weekly low-stakes review or practice assignments (Freeman 
et al., 2011; Haak et al., 2011). The documented advantages of 
a high-structure course include encouraging students 1) to 
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spend more time reading the textbook (Seaton et al., 2014), 
2) to come to class better prepared (Gross et al., 2015), and 
3) to attend class (Riffell and Sibley, 2004). Finally, students in 
high-structure courses have more opportunities to actively 
engage with the material, all of these advantages have been 
shown to improve student performance (Carini et al., 2006; 
Eddy and Hogan, 2014; Freeman et al., 2014).

Face-to-Face Format. The face-to-face course data included 
in this study are from one section of 229 students taught in 
three 50-minute class sessions per week, for a total contact time 
of 150 minutes per week. In the face-to-face format, lectures 
were delivered during class time using PowerPoints and occa-
sional video clips. Each class session included 5–10 questions 
using the iClicker classroom response system. Students were 
asked to answer individually first. If only a small proportion of 
the students answered an iClicker question correctly, all stu-
dents were asked to discuss the answer with their neighbors 
and the question was reopened. Students received 1 point for 
participating and 1 point for selecting the correct answer. The 
points for iClicker questions were extra credit for the face-to-
face format; thus, not all the students used an iClicker. All three 
formats had a weekly online quiz. However, the lecture section 
had to coordinate the quiz questions with other instructors 
teaching other lecture sections that semester. The face-to-face 
format was moderately structured, as it had two of the three 
elements of a high-structure course, student in-class engage-
ment activities and a weekly review assignment, but lacked 
preparatory assignments.

Hybrid Format. The hybrid course data are from four sections 
taught during Fall 2014, capped at 96 students each (n = 94, 89, 
90, and 93), that met once a week for a 75-minute class session. 
In the hybrid format, video lectures and other resources were 
delivered in an online self-paced course platform. On average, 
videos and out-of-class resources accounted for 75 minutes of 
online work. Face-to-face time was reduced to 75 minutes once 
a week (50% face-to-face). The main advantage of fewer meet-
ing times is that a large section can be separated into multiple 
sections with reduced enrollment without using additional 
classroom space. Before class, students were expected to watch 
the assigned videos and read the textbook. To encourage stu-
dents to complete their assigned work, we required students to 
complete a set of multiple-choice questions using the online 

learning platform provided by the publisher. During the first 
half of class meetings, the instructor reviewed the main topics 
from the videos interspersed with iClicker questions (very simi-
lar to those used in the face-to-face format). During the second 
half of the class meeting, students took an individual assess-
ment (∼10 multiple-choice questions, ∼10 minutes of class 
time). Later, for the remaining 30 minutes of class, students 
answered those same questions in small groups (3–6 students) 
using an immediate feedback assessment technique (IF-AT) 
that allowed them to immediately see which questions they 
answered correctly. While students worked in teams, they 
received guidance from the instructor and undergraduate peer 
learning assistants. The IF-AT is based on a five-choice question 
and was graded based on the number of attempts students took 
to arrive to the correct answer; if they answered correctly the 
first time, they received 5 points per question, 1 point was 
deducted for each failed attempt. Thus, if students took all five 
attempts to find the correct answer, they would still get 1 point, 
but if they gave up and did not find the correct answer, they 
received zero points. Finally, students took a review quiz once a 
week, as in all the other course formats. The hybrid sections 
were considered to be high-structure courses, as they contained 
all three elements: preclass preparatory assignments, in-class 
student engagement, and a review assignment.

Online Format. The online course data are from two sections, 
one taught in Fall 2013 and the other taught during Fall 2014 
with 72 and 75 students, respectively (Figure 1). Students had 
the same video lectures and animations available online as the 
hybrid students, which amounted to ∼75 minutes of video lec-
tures per week. In addition, online students had a weekly 
assignment of six open-ended questions that they had to answer 
in at least one paragraph. Students could choose to complete 
the assignment individually or work with a team of six students 
(about half of students chose to work individually). Students 
were expected to watch the videos before answering the discus-
sion questions, although there was no way to enforce this. Time 
on task answering the discussion questions was expected to 
be ∼75 minutes as well. Finally, students took a review quiz at 
the end of the week. Online students only meet on campus for 
proctored exams twice in the semester (a midterm and a final 
exam). In the online format, a preparatory assignment was not 
required to be completed before students could begin the video 
lectures. However, students had to answer the six weekly 

TABLE 1. Comparison of course formats showing that the hybrid format had the highest number of active-learning assignments, with 
activities due online similar to the online format, plus additional in-class activities, while the face-to-face format had the highest 
contact time per week, with students mostly passive in class, listening to the instructor lecture and occasionally answering iClicker 
questions

Online Hybrid Face-to-face

In-person contact time: minutes per week 0 75 150
Course structure Moderate High Moderate
Preclass LearnSmart assignments Optional Required Optional
In-class iClicker questions per class period NA ≤15% ≤15%
Peer discussions per class Online discussion boards ≥60% ≤10%
Graded review assessments Online quiz Online quiz and in-class IF-AT Online quiz
Time lecturing in class NA ≤10% ≥80%
Time online for video lectures 75 minutes 75 minutes NA
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exams, while the online format only had two proctored exams. 
Exams for face-to-face and hybrid format were identical and 
included the same number of chapters and the same number of 
questions (50 questions per exam, 200 questions total) and 
question prompts. Because the online course only included two 
proctored exams, each exam included twice as much material 
as the other two formats and was longer, with 60 questions per 
exam. However, those 120 questions (60 questions in two 
exams) were a subsample of the questions used in the hybrid 
and face-to-face exams (120 in online exams out of 200 ques-
tions in hybrid/face-to-face exams). The questions in these 
exams were all created by the instructor.

Exam Equivalence Analysis
Although the questions in the online exams were a subsample of 
the questions used in the hybrid and face-to-face exams, it is 
possible that the subsample had been skewed and did not reflect 
the level of difficulty of the other exams. Thus, to check that 
the subsample of questions selected for the online exam was 
equivalent to the difficulty level of the hybrid and face-to-face 
exams, we ranked all 200 questions using the Blooming Biology 
Tool by Crowe et al. (2008). We condensed the five Bloom’s 
categories into three: low (knowledge and comprehension), 
medium (application), and higher order (analysis and synthe-
sis). The questions were rated by two of the authors (R.B. and 
S.G.). The raters first ranked the questions independently. There 
was a 70.5% consensus in the independent ranking of the ques-
tions. The questions that had different rankings (29.5%), were 
discussed afterward, and we assigned a consensus rating. We 
did not find a significant difference in the proportion of high-, 
medium-, or lower-order questions when we compared the 
online exams with the hybrid/face-to-face exams, indicating 
that the subsample of questions included in the online exams 
was representative of the questions in the exams for the other 
formats (χ2 = 2.272, df = 2, p = 0.32). We found that 20.9% of 
the online exam questions and 23.5% of the questions in hybrid 
and face-to-face exams were either medium or higher order 
(Table 2). We consider this to be a high proportion compared 
with studies finding that exams for biology courses have on 
average only 6.7% of questions at medium or higher levels of 
Bloom’s taxonomy (Momsen et al., 2010).

Student Populations
Students were self-selected and were somewhat aware of the 
formats of the courses in which they were enrolling. Students 
enrolling for the online session had to pay an additional fee; 
thus, they were very aware that they were enrolling in a fully 
online class. On the other hand, while the hybrid course format 
included a note indicating the course was hybrid, most students 

FIGURE 1. Exam scores for students in the online course format by 
semester. Open circles indicate individual data points; filled circles 
indicate mean; vertical lines indicate SE. One section of the online 
course was taught in the same semester as the face-to-face course, 
and another section was taught during the same semester as the 
hybrid course. We used a simpler version of the main regression 
model to test for differences in student performance in the online 
format between semesters (Exam score ∼ SAT Math score + 
Semester). Our simple model significantly explained a portion of 
the variation in student performance (R2 = 0.129, F(2, 42) = 4.25, 
p = 0.021). The SAT Math score predicted a significant portion of 
the variation in student performance (Estimate ± SE: 0.057 ± 0.019, 
p = 0.0057). However, the semester when the course was taught 
did not have a significant effect on student performance (Estimate 
± SE: 0.074 ± 3.49, p = 0.98). Thus, we combined both online 
sections for our analyses.

TABLE 2. Exam equivalence for hybrid and face-to-face exams, with online exam information shown in parenthesesa

 Total High Medium Low

Number of questions 200 (120) 10 (2) 37 (23) 153 (94)

Proportion of questions Hybrid/face-to-face (online) 5% (1.7%) 18.5% (19.2%) 76.5 (78.3%)
aThe exams for the hybrid format and the face-to-face format were identical; we had four exams with 50 questions each (200 total questions). However, there were only 
two online exams with 60 questions each, which were a subsample of the questions used in the face-to-face/hybrid exams (120 out of 200 questions). There were no sig-
nificant differences in the proportion of questions in each of these three categories for the face-to-face/hybrid exams and for the online exams—values indicated in paren-
theses (χ2 = 2.272, df = 2, p = 0.32). We condensed the five Bloom’s categories into three: low (knowledge and comprehension), medium (application), and high (analysis 
and synthesis). Another study looking at multiple biology courses found that exams on average only include 6.7% of medium- or higher-order questions (Momsen et al., 
2010). Conversely, the exams shown here had between 20.9 and 23.5% (online and hybrid/face-to-face, respectively) of either medium- or higher-order questions.

discussion questions as they progressed through the lecture vid-
eos. We consider the discussion questions similar to in-class 
engagement. As with the hybrid sections, students completed 
the quiz at the end of the week as their postclass review assign-
ment. Thus, the online format only contained two of the three 
elements of a high-structure course and is considered moder-
ately structured.

Assessment of Student Learning
Here, we compare exam scores for the three course formats. 
Face-to-face and hybrid include the average of four proctored 
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FIGURE 2. College level by course format. While freshmen make 
up the majority of the students in the hybrid and face-to-face 
formats (online vs. hybrid: χ2 = 5.8713, df = 3, p = 0.118), seniors and 
juniors make up the majority of the students in the online format 
(χ2 = 115.43, df = 6, p < 0.001). These differences are probably due 
to registration priority increasing with student seniority and limited 
availability of spots in the online sections.

TABLE 3. Student demographics in general biology course by 
course format showing the number of students included in the 
analyses for each category: sex, ethnicity/race, or college-level 
category in the online, lecture, and hybrid course formats 
(Figures 2 and 3)a

 Online Face-to-face Hybrid

Total 74 (147) 124 (229) 212 (366)
Sex
 Male 31 56 93
 Female 43 68 119
Ethnicity/race
 White 10 12 20
 Hispanic 48 94 158
 Black 16 18 34
College level
 Freshmen 11 67 138
 Sophomores 21 28 41
 Juniors 23 20 27
 Seniors 19 9 6
aThe number in parentheses indicates the total number of students enrolled in the 
course. The number of students included in the statistical analysis is smaller than 
the number of enrolled students, because we included only data from students 
who completed all the exams in each course. Thus, students who dropped a 
course or who missed at least one exam are not included in the analyses. Due to 
the low enrollment of some racial/ethnic groups, only white, Hispanic, and Black 
students were included in the analysis.

did not see it, based on how many students raised their hand 
when asked whether they were aware of the hybrid format 
during the first day of class. Moreover, online sections are 
capped at smaller numbers compared with hybrid and face-to-
face sections. Because course registration opens in order of col-
lege level, senior and junior students are more likely to take the 
limited spots in the online sections (Table 3 and Figure 2). Fur-
thermore, our analyses only included students who took all the 
exams on the course, as we calculated the average for all the 
exams. The number of students was also limited to those stu-
dents for whom the school had records of their Scholastic Apti-
tude Test (SAT) scores. Students who dropped the course, 
missed an exam, or did not have an SAT score were not included 
in the analyses (410 students were included in the analyses out 
of 742 students enrolled).

Statistical Analyses
Differences in student demographics and college level (fresh-
man, sophomore, etc.) across the course formats were tested 
using a chi-square nonparametric test. Because the study took 
place over 2 years, we were concerned about year-to-year vari-
ation. To increase our confidence that the results were due to 
course format and not to variation in student ability, we con-
trolled for SAT Math score.

To determine whether course format was correlated with 
student performance on exams, we used a linear regression 
model with exam points as a continuous response variable. We 
included SAT Math scores, college level (freshman, sophomore, 
junior, or senior), gender (male or female), and race/ethnicity 
(Black, Hispanic, or white) as control variables. We used 
Akaike’s information criterion (AIC) to compare multiple mod-
els including one or more interaction terms and selected the 
model that had the highest support (Table 4). The final model 

predicted exam performance using SAT Math subscore/score, 
course format, college level, and race/ethnicity as control and 
predictive variables, as well as an interaction term between 
race/ethnicity and course format. We then looked for differ-
ences between the multiple student groups using Tukey’s hon-
estly significant difference (HSD) post hoc test.

Selected model: Outcome  ∼ SAT Math score + Course format  
+ College level + Race/ethnicity  
+ Race/ethnicity × Course format

The online format was the only one taught during the two 
semesters of this study. We tested for differences in student 
performance between the two semesters when the online 
course was taught (Fall 2013 and Fall 2014) using a simple 
linear regression model with exam score as outcome and con-
trolling for SAT Math score (Exam scores ∼ SAT Math score + 
semester, online format only).

RESULTS
Model Validity
Our linear regression model, including SAT Math score, college 
level, ethnicity or race, and course format explained a signifi-
cant proportion of the variation in student performance (R2 = 
0.387, F(12, 397) = 20.87, p < 0.001). The SAT Math score was 
a significant predictor of student performance for all the models 
in which it was included (all except the null model; p < 0.0001 
for the selected model; Table 5). However, the AIC decreased as 
other factors were included in the model (Table 4).

Because the online format was taught during both semes-
ters, we tested whether student performance in exams differed 
between semesters. Our smaller model including only the 
online format significantly explained a portion of the variation 
in student performance (R2 = 0.129, F(2, 42) = 4.25, p = 0.021). 
As with the main model, SAT Math score predicted a significant 
portion of the variation in student performance (p = 0.0057). 
However, we did not find a significant effect of semester 
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TABLE 5. Linear regression model with coefficients of the 
regression model represented in terms of raw points ± SE out of 
100 pointsa 

Regression coefficients Estimate ± SE p value

Model intercept 37.03 ± 4.07  
Student achievement
SAT Math score 0.054 ± 0.008 <0.001
College level (Reference level: Freshmen)
 Senior 8.73 ± 2.26 0.003
 Junior 4.81 ± 1.62 0.002
 Sophomore −0.25 ± 1.46 0.862
Race/ethnicity (Reference level: Hispanic)
 Black −4.91 ± 2.13 0.021
 White −0.96 ± 2.66 0.72
Course format (Reference level: Hybrid)
 Traditional lecture −14.85 ± 1.46 <0.001
 Online −9.53 ± 1.95 <0.001
Course format*Race/ethnicity (Reference level: Hybrid*Hispanic)
 Lecture*Black 0.45 ± 3.59 0.901
 Online*Black −3.87 ± 3.94 0.325
 Lecture*white −1.10 ± 4.37 0.817
 Online*white 15.15 ± 4.78 0.002
aThe categorical variable “college level” represents achievement by college level 
relative to the achievement of students at the freshman college level for students 
in all three course formats. The sex category represents the gains of male students 
in all three course formats relative to female students. The race/ethnicity category 
represents the performance by racial group relative to the performance of His-
panic students. After we controlled for college level, sex, and race/ethnicity, the 
coefficients of the regression model indicate that students in the hybrid format 
outperform students in either online or face-to-face format. The complete model 
explains more than a third of the variation in student achievement (R2 = 0.387, 
F(12, 397) = 20.87, p < 0.001).

TABLE 4. Comparison of linear regression models as predictors of exam performance with the top five models predicting exam 
performance ranked from highest support to lowest according to AIC and the highest weighted AICs (ω)

Modela AIC ω
SAT Math score + Course format + Race/ethnicity + Year level + Course format × Race/ethnicity 3158.44 0.405

SAT Math score + Course format + Race/ethnicity + Year level + Sex ± Course format × Race/ethnicity 3159.44 0.246

SAT Math score + Course format + Race/ethnicity + Year level + Sex ± Course format × Race/ethnicity  
+ Course format × SAT Math score

3159.92 0.193

SAT Math score + Course format + Race/ethnicity + Year level + Sex ± Course format × Race/ethnicity  
+ Course format × Year level

3160.58 0.139

SAT Math score + Course format + Race/ethnicity + Year level + Sex ± Course format × Race/ethnicity  
+ Course format × Year level

3165.73 0.011

SAT Math score + Course format + Race/ethnicity + Sex 3166.82 0.006

SAT Math score 3297.06 0

Null 3334.99 0
aBold type indicates additional interaction terms included in the different models.

when the course was taught on student performance (p = 0.98; 
Figure 1). Thus, we combined the data from both online semes-
ters in our analyses.

Effect of Sex
Sex data were obtained from student self-reported selection on 
a binary choice when completing the school application. All 
course formats had a predominantly female enrollment (52% in 
online, 53% in hybrid, and 58% in face-to-face; Table 3); there 
were no significant differences between the course formats in 
the proportion of female students (χ2 = 1.4604, df = 2, p = 
0.4818). Moreover, after accounting for SAT Math subscore, our 
model did not reveal any difference in performance between 
male and female students. In fact, the strength of the model did 
not improve when student sex was included. Comparing the 
weights of the models, the model without sex as a predictor is 
1.6 times more likely to be the best model in terms of Kullback–
Leibler discrepancy than the model including sex (Wagenmakers 
and Farrell, 2004). Thus, sex was not included in the selected 
model (Table 4).

Effect of College Level
The college level of students enrolled in each course format 
was different between online and the other two formats 
(hybrid and face-to-face). The online format had a majority of 
seniors and juniors, while hybrid and face-to-face had a major-
ity of freshman students (χ2 = 115.43, df = 6, p < 0.001; Table 
3). There were no significant differences in the college level 
between students enrolled in the face-to-face and the hybrid 
course formats (face-to-face vs. hybrid: χ2 = 5.8713, df = 3, 
p = 0.118). After accounting for Math SAT subscore, college 
level was a strong predictor of student performance (Table 5). 
Seniors and juniors scored ∼6 points higher on exams com-
pared with freshmen and sophomores. Post hoc multi-
ple-comparison analyses revealed no differences between 
freshman and sophomore exam scores or between junior and 
senior exam scores but did show that juniors and seniors 
outperformed freshmen and sophomores.

Effect of Race or Ethnicity and Course Format
Not surprisingly, given that we are a Hispanic-serving institu-
tion, all course formats also had a majority of Hispanic students 

(Figure 3). However, there were no significant differences in 
the ethnic/racial composition of students across the course for-
mats (χ2 = 4.987, df = 8, p = 0.759; Table 3). We used Hispanic 
students as our reference group in our analyses. After we con-
trolled for SAT Math subscore, college level, and sex, Hispanic 
students in the hybrid course format scored 26% higher and 
12% higher than Hispanic students in the face-to-face format 
and online format, respectively (Table 5). On the other hand, 
we found that, even after we controlled for SAT Math subscore, 
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FIGURE 3. Ethnicity or race by course format. At our Hispan-
ic-serving institution, the majority of our students self-identified as 
Hispanic. The next most common category included students who 
identified themselves as Black, although this does not distinguish 
between African American, Haitian, Black Caribbean, and other 
categories. The next category included students who identified as 
white. A very small number of students identified themselves as 
Native American, Alaskan, Native Hawaiian/Pacific Islander, or 
Caribbean, and were grouped into the “other” category. FIGURE 4. Interaction between course format and race/ethnicity. 

Means and SEs as predicted by our linear model (R2 = 0.387, F(12, 
397) = 20.87, p < 0.001), broken down by course format and race/
ethnicity; both factors had significant impact on student perfor-
mance (Table 4). The letters indicate significantly different groups 
based on Tukey’s HSD post hoc test. For Black and Hispanic 
students, highest performance was observed in the hybrid format. 
Moreover, their performance is undistinguishable from that of 
white students, showing no differences by race in the hybrid 
format. On the other hand, the lowest performance for all 
students, regardless of race/ethnicity, was in the face-to-face 
format. In the online format, white students performed the highest.

Black students scored lower on exams compared with other stu-
dent groups (p = 0.024; Table 5 and Figure 4). There were no 
differences in exam performance by race in either the hybrid or 
face-to-face formats (Table 5 and Figure 4). However, perfor-
mance was lowest across all racial/ethnic groups in the face-to-
face format, while performance was highest for all racial/ethnic 
groups in the hybrid format. Only the online format had signif-
icant differences in student performance by race. White stu-
dents in the online format outperformed Hispanic students by 
almost 15 points (22%) and Black students by 19 points (28%). 
In summary, Black and Hispanic students had their highest 
scores in the hybrid format. Conversely, white students had 
their highest scores in the online and hybrid formats (Table 5 
and Figure 4).

DISCUSSION
We set out to study how student performance would change 
moving from a completely face-to-face introductory biology 
course to hybrid and fully online formats. The lecture and 
online courses had similar levels of structured activities, while 
the hybrid format allowed for the highest amount of structure. 
We found that, after we controlled for prior performance (Math 
SAT subscore), the hybrid format resulted in the highest perfor-
mance across all ethnic/racial groups. The results of Tukey’s 
HSD show that the lowest scores were found in the face-to-face 
format. In addition, performance gaps between Hispanic, Black, 
and white students were mostly found in the online format. 
There was a persistent effect of college level. As shown in other 
studies, we found that juniors and seniors scored higher than 
freshmen and sophomores (Adams et al., 2015, 2016).

Effect of Race/Ethnicity and Course Format
As minority-serving institution with a majority of Hispanic stu-
dents (61% of the total student population), we set Hispanic 
students as the reference group for our analyses. The model 

shows a performance gap between Black and Hispanic students 
overall (Table 5). Hispanic students differed from white 
students only in the online format, where white students had 
the highest performance (Figure 4). Another study in an intro-
ductory biology course found that minority students tend to 
underperform in face-to-face and hybrid formats (Adams et al., 
2015). However, a study in an upper-division course found no 
significant differences in performance between underrepre-
sented and traditional students (Adams et al., 2016). Con-
versely, we found that Black and Hispanic students had their 
respective highest performance in the hybrid format compared 
with students of the same race/ethnicity in online or face-to-
face formats.

For all three formats, the exam questions included a large 
number of higher-order application- and integration-type ques-
tions (Table 2), which have been shown to reduce the perfor-
mance of students from traditionally underrepresented groups 
(Wright et al., 2016). While the hybrid and face-to-face courses 
had identical exams, the questions in exams for the online 
course were a subsample of the hybrid and face-to-face exams. 
Our exam equivalency analysis showed a similar proportion of 
questions for each level of difficulty in the subsample for online 
exams. Although we did not look at scores for individual exam 
questions, we found that, in the hybrid course, there was no 
significant difference in the average score for all exams in the 
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course comparing white and Hispanic students, and the differ-
ence was greatly reduced for Black students. The increased 
course structure and incorporation of active-learning strategies 
through the flipped-classroom approach were factors that likely 
influenced these results. Likewise, Balaban and collaborators 
(2016) found that a flipped class in economics increased stu-
dent performance, especially in higher-order learning, such as 
application level. Moreover, they found higher effects for low- 
income students (Balaban et al., 2016).

It is possible that, because the hybrid course halved the time 
students needed to be present on campus, the hybrid format by 
itself could be beneficial to students by giving them more flexi-
bility in their schedules and thus reducing conflicts between 
their academic and personal responsibilities. However, existing 
evidence suggests that making a course hybrid per se does not 
seem to improve student performance, and instead it may 
decrease learning. Adams et al. (2015) found that, for a micro-
biology course, sophomore students had lower performance in 
a hybrid course than students in a traditional face-to-face 
format. However, their hybrid course had the same amount of 
time spent in active-learning activities as their face-to-face sec-
tion. The only difference in their course formats was that, in the 
hybrid format, they delivered one lecture per week face-to-face 
and the other lecture was streamed online (Adams et al., 2015). 
Thus, schedule flexibility alone does not seem to explain learn-
ing gains in the hybrid format. It is important to remember that 
the hybrid course we describe here is not just hybrid (50% face-
to-face and 50% online), but is also a highly structured course 
with preclass preparatory assignments, in-class student engage-
ment, and postclass review assignments (Freeman et al., 2011; 
Haak et al., 2011). Thus, it is possible that schedule flexibility 
adds to the beneficial effects in student performance when 
combined with a highly structured student-centered design.

In our study, the three course formats differed in both con-
tact time and structure. While the online course had the least 
contact time and the face-to-face format had the greatest con-
tact time, the hybrid format had the highest structure, whereas 
the other two formats were moderately structured (as defined 
in Haak et al., 2011). Thus, the positive results of the hybrid 
format may be a combination of high structure and moderate 
contact time.

Effect of In-Class Meetings
While Black and Hispanic students had their highest scores in 
the hybrid format, white students had their highest scores in the 
online format. Although the online format was not more highly 
structured than the lecture course, as strictly defined by Haak 
and collaborators (2011), the online format had more opportu-
nities to engage with the material in the form of weekly assign-
ments, such as team discussions. The additional interaction 
with the material seems to have favored white students in the 
online environment in comparison with lecture format. His-
panic students also performed better in the online format than 
in the lecture course, although not as well as they did in the 
hybrid format. Conversely, there was no significant difference 
for Black students when comparing online and lecture, only the 
hybrid format showed an improvement in their performance 
(Figure 4).

Although the hybrid and online courses had identical online 
resources, the hybrid had additional in-class active-learning 

exercises done in teams and with support from undergraduate 
learning assistants and the instructor, simultaneously increas-
ing the contact time and the structure. It is possible that physi-
cal contact with the instructor and with other students had a 
higher impact for Black and Hispanic students than for white 
students. Some studies have found that group learning is partic-
ularly beneficial for underrepresented students (Peters, 2005). 
Interaction with other students, such as discussing the course 
content, has been shown to increase the sense of belonging and 
improve performance of students from Hispanic backgrounds 
compared with students from Caucasian backgrounds (Hurtado 
and Carter, 1997; Savani et al., 2013). Furthermore, aspects 
such as the structure of the teamwork and the composition of 
the teams have an effect in the learning gains (Jensen and 
Lawson, 2011).

Even though the face-to-face format had the highest contact 
time, it also resulted in the lowest performance. Although the 
face-to-face format satisfies the condition of in-class engage-
ment, the quality of the in-class engagement is very different 
from that of the hybrid format. While students in the face-to-
face format spent more time seated in the same room, they did 
not actually spend more time interacting. When students inter-
acted in the face-to-face format, those interactions were infor-
mal and unstructured. Students were only asked to discuss with 
their neighbors after a clicker question returned a majority of 
incorrect responses. Even then, the interaction was voluntary, 
unstructured, and unmonitored. Observations of student dis-
cussions have found that a large proportion of the conversa-
tions students have when discussing a clicker question in an 
unstructured manner are unproductive and even misleading 
(James and Willoughby, 2011). Conversely, in the hybrid 
format, students worked in permanent teams on the IF-AT 
assignment, which was graded, and received guidance from the 
peer learning assistants and the instructor.

Limitations of the Study
The hybrid and the face-to-face formats were taught in different 
semesters, whereas the online course was offered in both 
semesters. However, the online course was taught concurrently 
with the other two formats, and we did not find any significant 
differences in student performance in this course from one 
semester to the next (Figure 1). We cannot rule out that the 
changes in student performance can be the result of year-to-
year variation. However, we did not find evidence of student 
performance being affected by year-to-year variation when 
comparing the online sections.

Students self-enrolled into each of these formats, and 
as noted by the differences in college level between online 
students and those in the other two formats, we see that par-
ticular student groups enroll preferentially in a given format. 
To control for these differences, we included several of 
these student variables in the model for our analyses by 
accounting for SAT Math subscores, college level, and race/
ethnicity.

We obtained student ethnicity/racial data from student 
self-reported designations in their school applications. We dis-
aggregated underrepresented students into Black and Hispanic 
groups, as these groups are subject to different sociological fac-
tors affecting their performance (Carpenter et al., 2006). How-
ever, our categorization still clusters multiple nationalities and 
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ethnic groups together. For example, our school has a large 
proportion of Haitian students, some of whom recently 
immigrated to the United States, who are clustered with 
African-American students. Similarly, our Hispanic student pop-
ulation is very diverse, differing, for example, in exposure to 
college culture and degree of English proficiency. This diversity 
of backgrounds is not captured in the racial/ethnic categories 
included in this study.

CONCLUSIONS
Increased course structure and active learning have been shown 
to differentially benefit underrepresented students (Haak et al., 
2011; Eddy and Hogan, 2014). Our study supports the hypoth-
esis that increased course structure improves the performance 
of traditionally underrepresented students, even with a reduc-
tion in face-to-face instruction. The moderate structure of the 
online course was sufficient to increase the performance of 
white students, whose performance was indistinguishable in 
online and hybrid formats. However, the increased structure of 
the course design, as well as the increased guidance of the peer 
face-to-face discussions, greatly favored the performance of 
Black and Hispanic students in the hybrid format. Nonetheless, 
this study leaves open the question as to whether it was the 
peer–peer and student–instructor engagement or the increased 
structure that resulted in increased performance of the hybrid 
format. This study adds to the literature supporting positive 
results of hybrid courses on students’ performance when accom-
panied by an increase in course structure with more active 
learning and student-centered instruction.
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