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ABSTRACT ARTICLE HISTORY

Massively open online courses (MOOCs) have received a great ~ heceived 6 March 2015
deal of attention, but little research exists on how they might Accepted 22 June 2016
fit into the existing system of higher education. We studied the KEYWORDS

impacts on learning outcomes of hybrid courses redesigned Hybrid courses; MOOCs;
using online materials from MOOCs created on the Coursera online learning
platform and digital materials created by the Open Learning

Initiative (OLI), relative to existing versions of the same courses.

We found that student performance was about the same in

both sections, as measured by pass rates and scores on com-

mon assessments. This finding held across a variety of disci-

plines and subgroups of students. We found no evidence

supporting the worry that disadvantaged or academically

underprepared students were harmed by taking hybrid courses

with reduced class time. Despite the similar student outcomes

produced by the two course formats, students in the hybrid

sections reported considerably lower satisfaction with their

experience.

Introduction

Massively open online courses (MOOCs) made a big splash when they first
launched in the United States in 2011, with providers such as Coursera, edX, and
Udacity generating enthusiasm that students everywhere could take high-quality
online courses for free, many from professors at the nation’s most elite uni-
versities. The New York Times called 2012 “The Year of the MOOC,” with more
than 1.7 million students enrolling in courses through Coursera. Anant Argawal,
a founder of edX, predicted that “students will one day arrive on campus with
MOOC credits the way they now do with advanced placement credits”
(Pappano, 2012). In his book Higher Education in the Digital Age, Bowen
(2013) wrote that “it seems clear that MOOCs have an extraordinary capacity
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to improve access to educational materials from renowned instructors in various
subjects for learners throughout the world” (pp. 60-61). Proponents have argued
that MOOCs could better educate students than many existing courses and
some have predicted they would disrupt the centuries-old model of higher
education in the United States (Mazoue, 2013).

The hype around MOOCs has since calmed, as early hopes and fears that
MOOCs would provide a viable alternative to traditional education have not
borne out (Borden, 2014). Existing evidence has suggested that MOOCs have
thus far served largely as a source of free adult education for individuals who
are already quite educated (Christensen et al., 2013). Still, they remain
popular: More than 17 million students have enrolled in 1,756 Coursera
courses from 147 partner institutions (Coursera, 2016; Shah, 2015).

MOOC providers set out to produce a set of high-quality content that
could be delivered exclusively over the Internet to a large group of students.
MOOC:s typically consist of lecture videos, readings, quizzes, and papers or
project assignments. There are no strict guidelines about what must be
included in these courses, and they vary in length and the amount of content
covered. By definition, they are open to anyone, with no enrollment cap, and
they can be fully accessed and completed online (Educause Library, 2015).
Coursera, the largest MOOC platform, sought top professors at elite uni-
versities to teach their courses as MOOCs; edX was founded by Harvard and
Massachusetts Institute of Technology, with a focus on hosting MOOCs
based on their own courses (edX, 2015; Rivard, 2013). Thus, the initial
MOOCs were mostly produced by highly regarded professors and academic
institutions, which led many to believe that MOOCs would be of superior
quality to other online content and courses (Fain, 2012; Stokes, 2013).
However, little work has actually been done to assess the quality of
MOOCs, and most attributions of quality stem from people focusing on
the institutions and professors.

Developing high-quality online content is not unique to MOOCs—other
providers had been developing content for online and hybrid courses (which
blend online and in-person instruction) for years before MOOCs came on
the scene.! One goal of these content providers has been to improve student
learning and progress toward earning a postsecondary degree (Fain, 2012;
Open Learning Initiative, 2015; Stokes, 2013). In light of recent research
showing increasing time to a degree and rising costs for a college degree, it is
important to find ways to improve student learning and postsecondary
degree attainment (Bound, Lovenheim, & Turner, 2012; Mulhern, Spies,
Staiger, & Wu, 2015; The White House, 2015).

Recent literature on flipped classrooms has suggested that courses that
require students to study static material outside of class and then participate
in hands-on activities in class may lead to better student engagement and
learning than traditional courses (Bishop & Verleger, 2013). In addition,
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some researchers have encouraged colleges to adopt hybrid courses to take
advantage of the increased access that online environments can provide while
maintaining the face-to-face contact with the instructor and classmates that
many deem important to student success (Brown, 2001; Oblender, 2002).
Furthermore, these courses may reduce costs because they require the
instructor to be in the classroom for less time and lecture videos can be
used multiple times with potentially an unlimited number of students
(Bowen, 2013).

Thus, a natural question to ask is whether MOOC content can be repur-
posed for use in hybrid courses on traditional college campuses in ways that
enhance learning outcomes. MOOCs have the potential to expand access to
elements of the elite education that only a fraction of students are able to
receive. Given the high regard for the teaching and learning that occur at
these elite institutions, it is plausible that extending these learning experi-
ences to other students could improve their learning outcomes.

We set out to answer this question with public university campuses in the
University System of Maryland (USM).> The primary research question we
addressed was how instructor use of online materials to redesign traditional
courses impacts student learning outcomes. The online materials used in our
study included four different courses provided by Coursera and three
instances of the biology course designed by Carnegie Mellon University’s
OLI, a creator of interactive online courses.

Our study is the first of its kind to systematically examine the impact of
redesigned hybrid courses using materials from multiple online content
creators across a range of disciplines on public university campuses. There
is little high-quality research concerning the impact of online education
materials on student learning in postsecondary education. A large number
of studies exist, but very few make careful comparisons of students taking the
same courses in different formats using either random assignment or quasi-
experimental methods to adjust for differences in baseline characteristics
(Means, Toyama, Murphy, Bakia, & Jones, 2010). In addition, it is important
to separate the impacts of hybrid courses and online courses, because one
may expect even a small amount of face-to-face time to have substantial
impacts on student learning (Means et al., 2010).

The studies most relevant to the present study have revealed no significant
difference in student learning outcomes in hybrid and traditional courses.
The study by Bowen, Chingos, Lack, and Nygren (2014) is the only study of
hybrid courses that randomly assigned (volunteer) students to ensure that the
treatment and control groups were balanced (in expectation) on pretreat-
ment characteristics. Bowen et al. (2014) studied seven instances of the OLI
statistics course on six different public university campuses. They found that
outcomes, measured by pass rates and assessment scores, were largely similar
across the two formats and that students in the hybrid format spent 18% less
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time learning the material. However, students reported lower satisfaction
with the hybrid course than with the traditional course.

More positive results were found in a meta-analysis of quasi-experimental
studies by Means et al. (2010). This analysis indicated that students who took
a hybrid class, on average, performed significantly better than students who
took a traditional face-to-face course. However, according to Lack (2013),
“very few [of the studies] have direct relevance to the large public universities
or the broad-based community colleges that educate such a high fraction of
the country’s student population” (p. 4). Only five of the studies contained
more than 400 students, and many focused on graduate students or medical
fields.

Studies that allowed students to select into a format but controlled for
student characteristics have shown mixed results. The different results may
be due to limitations in the study designs or the course subjects, because
most studies only focus on one subject.

Two studies with small samples and different subjects indicated opposite
results. Chenoweth, Ushida, and Murday (2006) found that students in
hybrid language courses performed at least as well as students in the tradi-
tional versions and better in two cases. Conversely, Verhoeven and
Rudchenko (2013) reported lower test scores for students in a hybrid version
of an introductory microeconomics course compared with students in the
face-to-face version.

Two studies using student grades as an outcome showed that students in
the hybrid version earned lower grades than their peers in the face-to-face
version, but grades are often considered a more subjective measure than
common assessments (Burns, Duncan, Sweeney, North, & Ellegood, 2013;
Tanyel & Griffin, 2014). Xu and Jaggars (2011, 2013) also used transcript
data but found that students at community and technical colleges were
equally as likely to complete hybrid courses as they were to complete face-
to-face courses, while controlling for student characteristics. Unlike the other
studies, they looked at a variety of subjects, but their data were not fine
enough to identify the subject areas in which hybrid courses are offered.

In attempt to remove the issue of student and teacher selection bias, Kwak,
Menezes, and Sherwood (2014) replaced 2 weeks in the middle of a tradi-
tional face-to-face statistics class with a blended format. Student quiz scores
were not significantly different during the 2 weeks with blended instruction,
as compared with the rest of the course. However, 2 weeks is a short period
on which to base these results, and quiz scores were the only outcome
measured. It is possible that what students learned or how they would
perform on more substantial assessments is not reflected in these quiz scores.
In addition, instructors in our study mentioned that it took students a couple
weeks to adjust to the hybrid format, so student performance may increase
after the first few weeks of this format.
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While the present study does not explore fully online courses, the materi-
als used in online courses may shed light on the potential for these resources
to impact student learning. Figlio, Rush, and Yin (2013) found that students
in the online-only section of an undergraduate microeconomics course had
learning outcomes that were not statistically distinguishable from the live-
lecture group, but the online-only treatment had negative impacts for
Hispanics, men, and lower-achieving students. Xu and Jaggars (2014)
found a larger gap in student performance between online and face-to-face
courses for students who are male, younger, Black, or have lower levels of
prior academic performance. Given these findings, we looked at differences
in student outcomes by subgroups of students but did not find patterns
similar to these studies.

There is also some evidence that reducing the time students spend in class
does not substantially harm their learning outcomes. Joyce, Crockett, Jaeger,
Altindag, and O’Connell (2014) found that students randomly assigned to an
introductory microeconomics section that met twice per week instead of
once per week performed slightly better on common assessments, but the
difference was small. Thus, while some face-to-face time may be important in
increasing student learning, it is possible that more time does not always lead
to better outcomes. Therefore, hybrid courses may not harm student
learning.

The present literature has yet to settle the debate on whether or not hybrid
learning is beneficial to student learning outcomes. The growing prevalence
of courses that incorporate technology makes it important to better under-
stand how hybrid courses impact student learning and success (Allen &
Seaman, 2014). Furthermore, the broad range of online content used in
hybrid courses increases the importance of understanding how content
from MOOCs and OLI fare in these courses.

The present study extends the literature on the impact of hybrid learning
models in higher education in at least two significant ways. First, our study is
the only systematic empirical evaluation of the use of materials from MOOCs
(and other content creators) on traditional campuses.” Second, our study is
the first to use common assessments of learning outcomes to examine the
impact of hybrid learning models across a range of academic disciplines,
including biology, communications, computer science, precalculus, and sta-
tistics, and with multiple online platforms. Several of the studies previously
discussed only examined a course in a single discipline, and collectively, they
covered only four subjects. The studies that used observational transcript
data did not assess the subjects in which hybrid courses were more likely to
appear and thus did not test whether outcomes differed within a specific
subject between hybrid and traditional courses.

We found that students in the hybrid sections did as well as students in the
traditional sections in terms of pass rates and learning assessments—a
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finding that held across all disciplines and subgroups of students. We found
no evidence supporting the worry that disadvantaged or academically under-
prepared students were harmed by taking hybrid courses. Despite the similar
student outcomes produced by the two course formats, students in the hybrid
sections reported considerably lower satisfaction with their experience.

Course selection and data

This research aimed to understand how hybrid courses incorporating exist-
ing online content from Coursera’s MOOCs or Carnegie Mellon’s OLI
compared to traditional face-to-face courses. We worked with instructors at
three institutions in the USM to set up side-by-side comparisons of hybrid
and traditional versions of seven different courses in the fall 2013 semester.*
Four of the courses, in communications, computer science, precalculus, and
statistics, incorporated one of Coursera’s MOOCs, and three courses used
ordinary least square regressions biology course. The three participating
institutions include an Historically Black College/University located outside
of Washington, DC, a large public institution located in the northern suburbs
of Baltimore, and a small university located on Maryland’s Eastern Shore.

The particular instructors and subjects were chosen during the winter
prior to the fall semester when the course was taught. Staff from USM and
the research team presented the project at each USM campus to faculty and
administrators. All instructors of undergraduate courses were invited to
submit a proposal to participate in the study.” Institutions and instructors
were offered money to cover expenses related to the project and time spent
on it, assistance gaining permission to use restricted MOOC materials, and
technical support for their courses.®

Proposals needed to include (a) a clear vision for how the use of online
materials could address a pedagogical objective or solve a problem for the
course or program, (b) a commitment to make the online materials required
for a substantial portion of the course and to use at least 40% of the materials
available, (c) a description of the desired online materials, (d) a description of
the course, (e) expected enrollment, and (f) an indication of instructors’
willingness to administer a common posttest that would count toward
students’ grades in all control and treatment sections and willingness to
participate in other data collection activities.

The researchers selected the final group of courses based on the proposals
that met the criteria to be included in a side-by-side comparison. These
courses needed to (a) be sufficiently large, (b) have comparable control
sections, (c) have online materials that fit well with the course, (d) be granted
permission to use the online materials (which was gained from Coursera and
professors), and (e) present proposals that fit within the required terms.”
Thirty instructors submitted proposals, though several did not meet all of the
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Table 1. Description of courses.

Sections Students Minutes/week
Course Tech. T C T C T C Total students
Biology A ol 6 1 146 147 50 150 293
Biology B OLI 3 2 88 80 50 150 168
Biology C OLI 2 2 239 239 50 50 478
Communications MOOC 4 7 104 103 80 160 207
Computer science MOOC 4 5 93 84 75-100 150 177
Precalculus MOOC 2 3 55 67 120 220 122
Statistics MOOC 2 3 64 95 150 150 159

Note. OLI = Open Learning Initiative; MOOC = massively open online course. “T” refers to the treatment
group and “C" refers to the control group. “Minutes/week” refers to the length of in-person course
meetings.

criteria. As a result, seven introductory courses with relatively large enroll-
ments were selected.® Coursera worked with the researchers and instructors
to select MOOCs that were deemed as being high quality because they had
been run at least once before, had been well received by public audiences,
and did not run into major pedagogical or technical problems.

Table 1 lists, for each course, the number of treatment (hybrid) and
control (traditional) sections, the number of students enrolled, and the
amount of class time each week. Five of the seven courses had treatment
sections that met for less time than the traditional sections. In these cases, the
online materials replaced some of the time and materials that the instructors
taught in the traditional sections. In the other two courses, meetings times
were the same and online materials were used more as a supplement rather
than a replacement for class time. Students had access to the MOOC and OLI
content and were assigned to complete it as a part of their homework. °

MOOC:s contained video lectures as the primary source of content, and
most contained quiz questions and readings. The OLI biology course con-
tained text-based explanations and interactive practice problems. The
instructors were free to choose how to incorporate the online content into
their courses. All four courses using MOOCs used the videos and some of the
quiz questions. The instructors typically assigned students to watch a set of
videos (or review the OLI content) and complete the corresponding quiz
before attending class. Students were expected to learn most of the content
outside of class, and quizzes were used to incentivize students.'® Class time
was used to discuss the content learned at home and to engage in practice
problems and hands-on activities.

The control sections covered the same content as the treatment sections
but relied on different materials or the instructor to provide the content.'' In
a few cases, the courses differed from the versions taught in previous years
because instructors or departments wanted to redesign the curriculum or
cover new content. Some of the control section instructors spent considerable
time redesigning their courses to cover the content that the other students
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would learn with the MOOC/OLI. Because posttests were part of students’
grades, instructors were careful to ensure that students in all sections were
treated fairly in terms of preparation for these tests.'?

The research team gathered background data, including SAT scores,
cumulative grade point average (GPA) at the beginning of the semester,
race/ethnicity, gender, parental income (for aid applicants), and date of
birth, from administrative records maintained by the institution.'” For each
course, the instructors of the hybrid and traditional sections had to agree on
a common form of assessment. Most offered both a common final exam
across the sections as well as a pretest and posttest.'* Instructors provided the
results of these assessments to the research team, and course grades were
gathered from administrative records.

Additional information was gathered from surveys administered to stu-
dents at the beginning and end of the semester. The initial survey gathered
background information not available in administrative records, such as
parents’ education and students’ educational aspirations. The final survey
asked students about their experiences in the course.'” We made only limited
use of the survey data given that response rates were 77% on the initial
survey and 75% on the final survey.'® Specifically, we used self-reported data
on family income to supplement administrative data on aid applicants and
student course evaluations to examine their opinions of the course.

Research design

The ideal research design for estimating the causal effect of the hybrid format
would be to randomly assign students and instructors to one of the two
formats and then compare average outcomes across formats. Random assign-
ment was not possible for logistical reasons. Randomly assigning instructors
was not possible because in most cases, the hybrid courses were designed by
volunteer instructors. Randomly assigning students would have been logisti-
cally challenging (e.g., hybrid- and traditional-format sections would need to
be offered at the same time so a student could attend either) and would have
sharply reduced our sample sizes to the subset of students willing and able to
be randomly assigned.

Students registered for the seven courses in our study as they normally
would. Selection bias would have been an issue if students chose their courses
based on the instructor, the time the class met, or the format listed in the
course catalogue. However, there are a few reasons to believe that selection
bias was not substantial in this context. Four of the courses did not indicate
on the course schedule that some sections were incorporating a MOOC or
OLI so in these cases, students were unaware of the section in which they
were enrolling. In two of the other courses, students were freshmen and had
little say in the sections in which they enrolled because of limited availability



Downloaded by [ Smithsonian Astrophysics Observatory] at 03:03 22 December 2017

218 M. M. CHINGOS ET AL.

and advisor placements.'” Consequently, differences in student characteris-
tics between the two formats might not have been as substantial as would
they would have been the case if they all were able to purposefully choose
their preferred format.

This hypothesis is largely supported by the data. Table 2 reports summary
statistics for the treatment and control sections. We also report within-course
differences (and corresponding p values) between the treatment and control
groups, averaged across all of the courses. These differences were calculated
by regressing each variable listed in Table 2 on a treatment indicator and
dummy variables identifying each of the courses.

These data show that the 1,598 students in our study are a diverse group, a
fact that holds true in both formats of the courses. Students’ SAT perfor-
mance, a measure of their academic preparation, was nearly identical, on
average, in the two groups.'® Both groups were roughly half White, one third
Black, and 60% female. The average characteristics of the treatment and
control groups were not statistically significantly different in most cases,
although we can reject a null hypothesis of no correlation between all of
these characteristics and section format.

These data suggest that students’ decisions about whether to take a course
in a hybrid format bore little relation to their academic preparation and
personal backgrounds. It is possible that these decisions hinged more on

Table 2. Summary statistics, students.

Traditional Hybrid Adjusted p value corresponding to
(N = 820) (N =778) difference adjusted difference
SAT Math 511 514 4.11 b
SAT Verbal 511 510 —-0.45 92
SAT missing 21% 21% 0.00 .96
Cum GPA 2.82 2.85 0.01 .85
Cum GPA missing 51% 55% 0.05 A7
Race/ethnicity
White 50% 51% 0.01 39
Black 31% 34% 0.01 57
Hispanic 4% 4% 0.01 39
Asian 5% 4% —-0.01 .29
Other/missing 9% 7% —-0.02 a2
Female 61% 60% -0.02 .38
Parents’ income
Less than $50,000 15% 17% 0.03 1
$50,000-$100,000 20% 21% 0.02 .10
More than $100,000 37% 33% -0.03 A3
Missing 28% 29% -0.01 47
Age 20.0 19.8 —-0.22 23
Pretest score 47% 52% 0.04 .02
Pretest missing 33% 27% -0.07 12

Note. GPA = grade point average. The reported p values of the traditional-hybrid differences control for
course dummies and are based on robust standard errors adjusted for clustering by section. A regression
of treatment group on all of the variables listed here rejects the null of 0 coefficients for all variables with
p = .00 (excluding pretest scores, p = .02).
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factors such as scheduling convenience than on the format of the course. It is
also worth noting that two of the courses (biology C and statistics) had equal
amounts of face-to-face time in the traditional and hybrid sections.

One limitation of our data is that they do not include students who switched
sections or dropped the course within the first couple of weeks of the semester.
For each course, the instructors estimated that no more than 5 to 10 students
switched sections because they were limited by available seats (most sections
were full). Given the small number of students involved, we think it is unlikely
that our results are substantially biased by our inability to identify students who
dropped the course or switched sections early in the semester. However, the
results could be biased if students who were uncomfortable with the hybrid
version switched into the treatment section or if students in the traditional
section thought the hybrid version may be easier because it met for less time."”
Anecdotally, instructors did not think this was a big problem.

Table 3 shows descriptive statistics about the sections and the instructors
who led them. The typical section enrolled just more than 75 students in both
formats, although the traditional sections met for about an hour more each
week than did the hybrid sections. About half the instructors in both groups
were tenure-track faculty, and nearly all were employed full-time by their
institution. The two groups of instructors had similar amounts of teaching
experience in terms of total years, but the traditional instructors had taught the
course more times and also had more experience at their current institutions.*’
Despite the similarity of measured instructor characteristics, it is of course
possible that instructors chose the format in which they would be more
effective. Consequently, our results should be interpreted as the effect of hybrid
instruction as implemented by the volunteer instructors, not as the effect that
would be obtained if all instructors were forced to teach in this format.

We estimated the effect of the hybrid format by comparing outcomes of
students in the control and treatment groups. Specifically, we estimated
regressions of the form:

Y; = B, + B, * Hybrid; + a x X; + ¢;,

Table 3. Summary statistics, sections/instructors.

Traditional Hybrid

Weekly face-to-face minutes 126 72
Section size 76 77
Instructor characteristics

Tenure track 52% 54%

Full-time 91% 100%

Taught with tech before 81% 55%

Years of teaching experience 14.5 135

Total times taught course 18.7 134

Times taught course here 18.2 7.7

Note. Statistics are weighted by student enrollment in each section.
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where Y; is the outcome of student i, 8, is a constant, Hybrid is a dummy
variable identifying whether the student was in a hybrid section of the course
(with coefficient f3,), X; is a vector of control variables with coefficient vector
a, and ¢; is the error term that we adjusted by clustering by section. Control
variables included SAT math and verbal scores, cumulative GPA at the
beginning of the semester, race/ethnicity, gender, parental income, and age.
Missing values were identified by dummies for each variable, with contin-
uous variables imputed using an arbitrary value (in this case, 0).

We estimated the equations using OLS.>' We focused on three outcome
variables: whether the student passed the course, the score on the posttest or
final (only using low-stakes posttests for courses that did not administer a
common final exam), and the grade in the course (measured on a 4-point
scale).”* We focused on pass rates because they determine whether students
earn credit for the course and on the assessment outcomes because they are
least subject to bias from differential grading standards across instructors.

Results
Main results

We found that students in the hybrid sections performed the same as their
peers in the traditional sections. Table 4 shows that the pass rates of hybrid-
format students were about 4 percentage points higher than those of tradi-
tional-format students, 83% of whom passed the course (p = .281, without
controls). A similar pattern of results prevailed on common assessments
administered at the end of the course—the final exam or a subset of common
exam questions. Some courses also administered a posttest, which we used as
an alternate measure in our analyses.”> The hybrid-format advantage in exam
scores was 2 percentage points on a traditional-format mean of 70% correct
(p= .097).%* In the case of the final assessment scores (but not pass rates), the
difference between traditional and hybrid sections was statistically significant

Table 4. Difference between outcomes in hybrid and traditional sections, all courses.

Pass Posttest/final Course grade
Hybrid estimate 0.036 0.030 0.024* 0.024* —0.002 —0.024
(0.033) (0.032) (0.014) (0.012) (0.176) (0.169)
Controls? No Yes No Yes No Yes
Observations 1,594 1,594 1,187 1,187 1,564 1,564
Control mean 0.83 0.83 0.70 0.70 2.21 2.21
Control SD 0.16 0.16 134 134

Note. * p < 0.1. Robust standard errors adjusted for clustering by section appear in parentheses. All models
include dummies for each course. Controls include SAT math and verbal scores, cumulative grade point
average at the beginning of the semester, race/ethnicity, gender, parents’ income, and age. Missing values
are identified by dummies for each variable, with continuous variables imputed using an arbitrary value (in
this case, 0). The course grade is measured on a 4-point scale.
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at the 10% level. We found little differences in course grades, a more
subjective measure on which we report but do not focus (p = .989).

In the absence of an experiment in which students are randomly assigned
to one format or the other, we cannot be completely sure that these differ-
ences in student outcomes indicate the true effect of the different section
formats and not some other factors such as different types of students
choosing one format over the other. However, there are two key pieces of
evidence that increase our confidence in the results. First, as discussed, the
characteristics of students captured in our data were broadly similar between
the two formats. Second, when we accounted for these factors in the analysis,
our estimate of the hybrid effect did not change substantially. Although this
fact is far from dispositive, it provides some confidence that student char-
acteristics are not substantially biasing the results. Table 4 shows that con-
trolling for SAT scores, cumulative GPA at the beginning of the semester,
race/ethnicity, gender, parental income, and age changes our estimate of the
effect on pass rates from 3.6 to 3.0 percentage points (p = .355), leaving the
estimate for the posttest/final unchanged at 2.4 percentage points (p = .064).

It is certainly possible that traditional- and hybrid-format students differed
in their unmeasured traits, such as motivation or perseverance, which were
not captured by the characteristics we observed. However, the similarity of
the two groups at baseline and the fact that including control variables in the
analysis made little difference gives us some confidence in the results in the
absence of random assignment (or some other source of random variation in
section selection).

Robustness checks

We conducted several additional analyses to check on the robustness of our
main results. These estimates are reported in Table Al. The first row displays
our main results (with controls included). The second row adds controls for
section size and two instructor characteristics: tenure-track status and years
of teaching experience. This analysis is a crude attempt to adjust for any
differences in the kinds of instructors that volunteered to teach a hybrid
section as part of our study, relative to the instructors who continued to
teach in the traditional manner. The estimated effects only changed mod-
estly, and they indicated potentially larger effects than our main results.
The third row shows results that add a control for students’ scores on a
pretest administered at the beginning of the semester. Pretest scores were
modestly higher in the hybrid sections, where students scored an average
of 52% correct, compared with the traditional sections, where the average
score was 47% (Table 2). However, 27% of hybrid-format students did not
take the pretest, as compared with 33% of traditional-format students.
(Only five of the seven courses administered a pretest.) We did not use the
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pretest as a control in our preferred results due to the difference in
missing data rates between the groups. However, the estimated hybrid
effect was only slightly smaller when we included this variable as a
control.

Table A2 shows the results (with controls) by course as well as features of
each course. When we averaged the results for the four courses in which
students did not know the format for which they were registering, the point
estimates were all very close to 0, but the results were not statistically
distinguishable from our main results given the standard errors. We also
examined the results separately for Coursera and OLI and found somewhat
larger positive effects for OLI and null effects for Coursera, although the two
effects were not statistically distinguishable from each other. Finally, exclud-
ing the two courses that did not reduce face-to-face time in the hybrid
sections (statistics and biology C) produced results that were slightly larger
than our main results. Thus, the slight differences across courses did not
appear to be key drivers of our overall finding of no significant differences in
student outcomes.

Effect heterogeneity

Our main results combined data from all seven courses, which varied sig-
nificantly in terms of subject matter, design of the hybrid format, and student
and campus characteristics. Are these average effects a combination of some
large, positive effects and other large, negative effects? Our data suggest that
the results are fairly consistent across courses (Table A2).

In general, the results for pass rates and final assessment scores indicate a
mix of small positive and small negative results. In most cases, these results
were not statistically distinguishable from a 0 effect, which is not surprising
given that each individual test was relatively small. However, there are a few
exceptions. There was a large difference in pass rates (20 percentage points)
favoring the hybrid sections of the biology A course. (If this course is
excluded from the average result, the estimated effects are close to 0.)
Discussions with campus faculty indicated that this finding was due to very
stringent grading standards imposed by the instructor of the traditional
section, which have historically led to low pass rates. In this case, we cannot
tell if the results were driven by an instructor effect or a format/software
effect. However, the hybrid-format students also performed better on the
common exam questions, a measure that should not be affected by instructor
grading standards. There was also a significant positive estimated effect on
final exam scores in the precalculus course of about 10 percentage points.

There were a number of smaller estimated hybrid effects, both negative
and positive, but given the precision of the analysis for an individual course,
we cannot be confident about the direction much less the size of the effect.
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The course-specific results took into account a number of student char-
acteristics, as noted earlier. However, we obtained qualitatively similar results
when we looked just at raw differences in outcomes.>> In other words, there
did not appear to be a substantial amount of bias in the results due to
different kinds of students choosing the hybrid versus traditional sections,
even when we looked separately at each course rather than averaging them all
together.

We next estimated hybrid effects, averaged across all seven courses, for
various subgroups of students defined in terms of demographics and academic
preparation. This set of analyses tested whether certain groups of students fare
less well than other groups with the hybrid format. These results, in Table 5,
clearly show that our main finding of null or weakly positive effects of the hybrid
format holds across a range of student groups. Table 5 shows a clear pattern of
results that range from close to 0 to modestly positive. Of the 26 estimates in the
table, only 1 is negative (and it is very small: —0.003). Perhaps, most significantly,
we do not find any evidence that poorly prepared students, as identified by
below-average SAT scores, were harmed by the hybrid format.

The worry that disadvantaged students are most likely to be harmed by
technology replacing some face-to-face time was also not borne out by our
data. If anything, we found the opposite. For example, the point estimates

Table 5. Difference between outcomes in hybrid and traditional sections, by student subgroup.

Pass Posttest/final Pass Posttest/final

White/Asian 0.037 0.031** Parents’ income 0.099* 0.060**
(0.029) (0.012) less than $50,000 (0.050) (0.025)
882 677 258 204

Black/Hispanic —0.003 0.014 Parents’ income 0.037 0.040%**
(0.048) (0.024) $50,000-$100,000 (0.045) (0.010)
582 417 327 254
Female 0.039 0.032** Parents’ income 0.022 0.016
(0.033) (0.014) more than $100,000 (0.024) (0.015)
964 712 556 417
Male 0.018 0.010 Neither parent 0.094 0.038
(0.036) (0.017) has bachelor’s (0.074) (0.024)
630 475 348 254

First-year student 0.052 0.027* At least one parent 0.014 0.028**
(0.032) (0.014) has bachelor's (0.023) (0.012)
628 514 657 499
Not a 1st-year 0.030 0.031 SAT less than 1000 0.019 0.025
student (0.041) (0.019) (0.039) (0.018)
966 673 852 625

SAT 1000 or higher 0.040 0.028**
(0.032) (0.012)
742 562

Note. * p < .1. ** p < .05. *** p < .01. Robust standard errors adjusted for clustering by section appear in
parentheses. Numbers of observations appear in italics. All models include controls for SAT math and
verbal scores, cumulative grade point average at the beginning of the semester, race/ethnicity, gender,
parents’ income, and age. Missing values are identified by dummies for each variable, with continuous
variables imputed using an arbitrary value (in this case, 0).
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were largest for students from the lowest-income families and smallest for
students from higher-income families, and the difference between the top
and bottom income groups in estimated effects was statistically significant at
the 5% level for posttest/final (p = .046) but not for pass rates (p = .115). It is
important to interpret these results cautiously for the reasons stated earlier
and because it is difficult to measure income accurately (much of our data
were self-reported by the students on a survey).

Student evaluations

Our analysis of administrative data on student outcomes—pass rates and
scores on common assessments—showed that hybrid-format students did the
same, on average, as their peers in the traditional sections. However, data
from surveys we administered at the end of the courses suggest that talking to
students would give the opposite impression. Students were asked several
questions about the course, and we placed their responses on a 5-point scale,
where 1 is the worst rating and 5 is the best. Table 6 shows average student
responses on four of these measures in the hybrid and traditional sections.

Overall, traditional-format students gave the course a higher rating than
did hybrid-format students and said they felt they learned more. But there
were no significant differences between formats in students’ reports on the
difficulty of the course or how much it raised their interest in the subject
matter.

We also examined whether these differences in student satisfaction varied
across courses and student subgroups.”® We found a substantial negative
perception of the hybrid format (a difference of roughly 1 point on the 5-
point scale) in four of the seven courses, with the other three showing only
small differences. When we looked at perceptions of the same 13 student
subgroups we examined earlier, we found a negative effect of the hybrid
format on overall satisfaction for all of them, with little variation in the size
of the difference.

Finally, we analyzed how much time students spent working on course
material. Figure 1 shows that the hybrid sections met for roughly 1 hour less
than did the traditional sections. But hybrid-format students reported

Table 6. Difference between student evaluations in hybrid and traditional sections, all courses.

Hours/week Overall Interest Learn Difficulty
Hybrid estimate 0.2 —0.6%** -0.1 —0.4%** 0.1
(0.4) (0.1) (0.1) (0.1) (0.1)
Observations 1,126 1,196 1,199 1,191 1,200
Control mean 43 35 2.9 3.6 3.2
Control SD 3.6 1.0 1.2 1.0 1.0

Note. *** p < .01. Robust standard errors adjusted for clustering by section appear in parentheses. All
models include dummies for each course.
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Figure 1. Student time spend on course.

spending about the same amount of time on coursework outside of class, on
average, as the traditional students. Taken together, these findings suggest
that students in the hybrid sections earned similar grades and pass rates,
despite being less satistied and spending 11% less time on the course.

Limitations

Our results are subject to two important qualifications. First, we were not
able to randomly assign students or instructors to section formats. It is
possible that students chose the format in which they expected to be most
successful or the format they thought would be easiest, although measured
student characteristics in the hybrid and traditional sections were similar, on
average. The lack of data on students who withdrew from the class in the first
few weeks also limits our findings to the population of students who enrolled
in a course through the drop deadline.

The results should be interpreted in the context of the volunteer instruc-
tors who designed the hybrid courses and should not be extrapolated to
contexts where nonvolunteer instructors are assigned to design courses or
teach in a hybrid format. The fact that we were not able to randomly assign
volunteer instructors to the two formats leaves open the possibility of bias,
but the results are not sensitive to controlling for observed instructor char-
acteristics. Additionally, all but one of the instructors were teaching the
newly designed version of the course for the first time, with the outcomes
of their students compared to those of students taking a traditional version
that had usually been taught several times before. For this reason, we might
expect our results to understate the hybrid-format effects that would be
obtained if the hybrid-format instructors had more experience with the
online course materials and format.
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Second, the intervention we evaluated was not a specific product, platform,
or mode of instruction, but rather the average impact across seven courses of
providing instructors with wide latitude to redesign traditional courses using
technology. Instructors chose which MOOC or OLI course they wanted to
use, and Coursera guided instructors toward the most “successful”
MOOQOCs.”” Instructors also had the freedom to design their own assessment
tool, so long as it was the same for the treatment and control sections of that
course. Whether we would obtain similar results if the same “intervention”
were applied to seven different courses is an open question. The fact that we
did not obtain wildly different results for individual courses suggests that our
findings may hold in other contexts, but the imprecision of results for
individual courses limits our ability to examine the extent of variation in
results.

Conclusion

Our findings add empirical weight to an emerging consensus that technology
can be used to replace some classroom time without compromising student
outcomes (Means et al., 2010). Students in the hybrid sections did as well as
students in the traditional sections in terms of pass rates and assessment
scores—a finding that held across disciplines and subgroups of students. We
found no evidence supporting the worry that disadvantaged or academically
underprepared students were harmed by taking hybrid-format courses.
Previous studies reporting that disadvantaged groups perform worse primar-
ily focused on online courses, which suggests that some face-to-face time is
especially important for these students.

These findings are significant given that instructors were teaching the
redesigned courses and using new technology platforms for the first time
with, on average, just more than half as much class time as traditionally
taught sections. Our findings are also broadly consistent across multiple
subjects and universities. Thus, our results generalize to hybrid courses to
a greater extent than do results from the existing more narrowly focused
studies. Furthermore, the use of common assessments decreases the like-
lihood that the results were swayed by instructors’ subjective evaluations.
However, we note the limitations in common assessments, which varied in
their use of multiple-choice and open-ended questions. The disagreement
between the self-reported measures of student learning (which were lower
in the hybrid sections) and the assessments might have been the result of
the insensitivity of the assessments to some dimensions of student
learning.

Continued experimentation with the design of hybrid courses will need to
address many organizational and external issues to take full advantage of
these technologies. Instructors need assurances that these materials will
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continue to be available for use, technically reliable, and adequately sup-
ported for multiple iterations. At present, however, there is uncertainty about
the future direction of MOOC platforms, which have not developed institu-
tional licensing models. Open educational resources often raise concerns
about sustainability. Faculty must have the ability to customize course con-
tent, and this too is not ensured. They need access to a greater selection of
online content and better indexing so that these materials are easier to locate,
thereby reducing the amount of work required to fit the online materials with
their courses and improving the student experience. More modular, flexible
online resources would also make the implementation process easier.

The use of technology to redesign large introductory courses has the
potential to reduce costs in the long run by reducing the time instructors
spend planning and delivering courses. But not surprisingly, we found that
redesigning courses to incorporate existing online content has significant
start-up costs. The data we collected from instructors indicated that design-
ing courses using MOOCs or OLI is a substantial undertaking and can take
approximately 150 hour to 175 hour, with wide variations between instruc-
tors (Griffiths, Chingos, Mulhern, & Spies, 2014).

We do not have conclusive evidence of how use of these technologies on a
large scale would impact costs, but offsetting these initial costs in the long
run may well be possible over multiple iterations of efforts like those we have
studied here. As participants gain experience using these tools and integrat-
ing them into college and university structures, it may be possible both to
improve outcomes and reduce costs. Cost reductions may also be achieved by
improving outcomes at the same cost per student, which would lead to lower
costs per graduated student (Bailey, Jaggars, & Jenkins, 2015). Substantial
cost savings would, we believe, require more strategic use of these tools
across departments and institutions. Effective leadership would be essential
—significant cost savings are not going to “just happen” on their own.

In addition, hybrid courses have the potential to improve access to higher
education and reduce costs to students by providing them with more flexible
schedules. Thus, even maintaining learning outcomes in specific courses may
lead to better results overall and reduced costs if more students are able to
take courses or earn a degree more quickly.

Despite the similar student outcomes produced by the two course formats,
students in the hybrid sections reported considerably lower satisfaction with
their experience. Thus, these findings suggest that online learning technolo-
gies alone, at least in their current form, are not a panacea for higher
education’s challenges. Students place high value on their personal experi-
ences with faculty. If students took many courses in a hybrid format, the
lower satisfaction could lead to reduced retention and persistence rates.
Efforts to expand the use of technology-enhanced education on traditional
college campuses will thus have to address both the micro issues around
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designing high-quality content and the macro issues of integrating these
technology-enhanced courses into a rich curriculum that still makes use of
the interpersonal interactions at the core of a brick-and-mortar campus
environment.

Notes

1. Example providers include OLI and commercial publishers such as Pearson and
McGraw Hill.

2. This article primarily reports the results of quantitative comparisons of hybrid and
traditional instruction. The results of the full study, including quantitative and quali-
tative components, are reported in Griffiths et al. (2014).

3. Udacity and San Jose State partnered to use a MOOC in remedial math courses. They
assessed the results (which they deemed unsatisfactory) by comparing their pass rates
with previous years. The lack of control variables and common assessments makes it
difficult to assess the usefulness of this comparison (Firmin, Schiorring, Whitmer,
Willett, & Sujitparapitaya, 2013).

4. We also set up 10 case studies of smaller courses using MOOCs to understand the
implementation challenges of working with a MOOC in a wider variety of courses.
These case studies are discussed in Griffiths et al. (2014).

5. In some cases, individual instructors submitted statements, and in others, a coordinator
at the institutions collected proposals and put forward the strongest candidates for
consideration.

6. In general, the instructors volunteered to participate, but in some cases, they were
volunteered by a course coordinator. Institutions were offered $20,000 for side-by-side
tests to cover course buyout or summer planning time for faculty members who
participated in the test, time for instructors to attend USM workshops, administrative
costs for preparing data, and any other costs incurred in organizing the tests. The
$20,000 covered all people involved in the study, and in all cases, it was divided among
multiple parties. Each institution presented a budget to USM explaining how the funds
would be spent. These incentives may have affected who participated in the study. It is
unlikely that faculty would have participated without these incentives because of how
much time it took to create these courses. The stipends were slightly higher than others
offered by USM for course redesign because of the research-related activities.

7. Two courses, sociology and statistics for sociology, were initially included in the
planned set of side-by-side tests, but they were excluded from the analyses in this
article because one faculty member was unable to secure permission to use the MOOC
and another professor decided to create his own videos after using a few from the
MOOC.

8. Instructors with courses that were not sufficiently large or that could not create control
sections participated in the project as case studies. These case studies included a
number of smaller and upper-level courses (Griffiths et al., 2014).

9. We were unable to impose strict requirements about class meeting time and the
number and length of videos to be used because each instructor felt that even minor
tweaks to our guidelines could improve the course. In addition, the variance in content
and format of the MOOCs and OLI made it difficult to require each course to use them
in the exact same way.
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One course taught all of the materials in class, and the MOOC videos were only a
supplement.

Six of the seven courses had control sections that were traditional lectures. One
course’s control section was a hybrid, but it did not include OLI.

The research team relied on instructors to determine what students should learn in
their courses and to develop appropriate assessments.

Parental income was missing for students who did not submit a Free Application for
Federal Student Aid or answer the question about parental income on the student
survey. ACT scores were converted to the SAT scale for students missing SAT scores.
Computer science and biology B did not offer pretests. Excluding these courses, only
11% of students were missing pretest scores. These scores were missing for students
who were absent on the day the pretest was administered and did not retake it.

One group of instructors could not agree on a common assessment, so this course was
excluded from the analysis of posttest/final exam results.

Copies of both survey instruments are available in Griffiths et al. (2014).

For the initial survey, the response rates were 75% and 79% for the treatment and
control groups, respectively, and for the final survey, they were 76% and 75%,
respectively.

We do not know how advisors may have influenced student placements. It is possible
that advisors dissuaded certain students from taking certain course formats. Advisors
would have known which courses were hybrid and traditional formats based on the
course listing. However, they would not have known the details of the hybrid courses
and which materials were being used unless they asked the instructors.

Pretest scores were somewhat different, in favor of the treatment group, but we did not
attach too much importance to this finding given the difference in test-taking rates
(with less missing data in the treatment group). We return to this issue in the
Robustness Checks section.

Institutions were unable to provide data on students switching courses for students
who changed their enrollment prior to the drop deadline. This deadline varied by
campus but was usually in the middle of the semester. Any student who withdrew from
the course after this deadline was captured in our data.

The instructors of the control sections had more experience teaching with technology,
but this experience does not necessarily refer to the courses being studied. If these
instructors incorporated technology in their existing courses, it was not in the same
way or to the same extent as in the treatment sections. In most cases, control
instructors’ reference to technology indicated that they used a course management
site or a platform with homework problems.

We obtained similar results using a probit model. One reason we used linear prob-
ability models instead of probit for the nonbinary outcomes is that probit drops
observations where one of the covariates perfectly predicts the outcome.

One limitation of the posttest and finals is that some of them were multiple-choice.
Thus, they may not have captured some aspects of student learning as well as tests that
included a mix of multiple-choice and open-response questions.

Three courses had common finals, two had a subset of common exam questions, and
one course had a common midterm exam (because the MOOC was only used in the
first half of the semester). The instructors for biology B were unable to agree on a
common final assessment.

The results in Table 4 adjust for course-specific differences in performance. In other
words, they show a weighted average of within-course differences between the hybrid
and traditional sections across all seven tests. The raw data are roughly similar, with
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pass rates of 83% and 86% in the traditional and hybrid sections, respectively, and final
assessment scores of 70% and 70%, respectively.

25. These results are available from the authors upon request. The only notable exception
to the similarity in results was the estimated treatment-control difference for pass rates
in the statistics course, which was .127 (and statistically significant) without controls
and .045 (but not statistically significant) with controls.

26. These results are available upon request.

27. These were the MOOC:s that had been run at least once before, had been well received
by public audiences, and did not run into major pedagogical or technical problems.
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