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ABSTRACT

One challenge facing students today is high textbook costs, which pose a particular-
ly difficult obstacle at community and technical colleges, where students typically
have lower incomes and textbooks constitute a larger proportion of the overall cost of
education. To address this, many advocate for using open-source textbooks, which are
free in a digital format. However, concerns have been raised about the quality and efficacy
of open textbooks. We investigated these concerns by collecting data from general bi-
ology classes at four community and technical colleges implementing traditionally pub-
lished (non-open) and open textbooks. We compared student outcomes, textbook uti-
lization methods, and perceptions of textbooks in these courses. In generalized linear
statistical models, book type (open vs. non-open) did not significantly influence measured
student outcomes. Additionally, survey results found that students and faculty perceived
the open textbook as equal in quality to other textbooks. However, results also suggest-
ed that student textbook use did not always align with faculty expectations. For example,
30% of students reported reading their textbooks compared with 85% of faculty expecting
students to read the textbook. Finally, faculty who implemented open textbooks expected
the textbook to be used more often for reference and review compared with faculty who
use traditional textbooks.

INTRODUCTION

One of the challenges facing students today is high textbook costs. In 2017, the aver-
age cost of textbooks per student at public community and technical colleges reached
$1440 per year—approximately 40% of the cost of tuition (Ma et al., 2018). As text-
book costs climb, students are beginning to rely more on financial aid to cover the cost.
At community colleges, 50% of students are using an average of $300 per semester of
financial aid to cover the cost of textbooks (Senack and Donaghue, 2016).

Beyond the direct financial impact, the high cost of textbooks influences many
decisions made by students. A 2016 report by the Florida Virtual Campus found that
66.6% of college and university students are forgoing the purchase of expensive books,
and at the associate’s-degree level, students report taking fewer courses due to text-
book costs (Fischer et al., 2015; Donaldson and Shen, 2016). Students who are eco-
nomically disadvantaged and/or part-time, common student attributes for community
and technical college students, also have lower persistence rates (Paulsen and St.
John, 2002; National Student Clearinghouse Research Center, 2018). These students
may be particularly aided by reducing textbook costs, as it would make a larger impact
on the total cost of their education.

To ameliorate this expense, many have advocated for using open educational
resources (OER). OER are defined as educational materials under an open license or in
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the public domain that permit “no-cost access, use, adaptation
and redistribution by others with no or limited restrictions”
(Hewlett Foundation, 2018). OER are now widely available; in
fact, many open textbooks (a subset of OER) have been prepared
that can be used to directly replace expensive commercial
textbooks. These textbooks are not only available for free online,
they also use Creative Commons licenses so that teachers and
others can revise them to better meet the needs of a specific stu-
dent body (Johnstone, 2005; Bissell, 2009; D’Antoni, 2009). One
commonly used set of open textbooks is produced by Rice
University’s OpenStax (2013) (www. openstax.org). These text-
books are more similar to traditional textbooks (also referred to
as “published,” “commercial,” or “non-open” textbooks), as
printed copies are available for purchase and they are written and
peer reviewed by experts (Boyd, 2016). Specifically, the Open-
Stax Biology text has been adopted and reviewed by major uni-
versities such as the University of Georgia (Watson et al., 2017).

Value perceptions may lead faculty or students to question
the quality of a free, open textbook. A study by Piehl (1977)
found that the perceived value of a textbook was related to the
price of the textbook. Further studies have noted that perceived
value is multidimensional and can be influenced by subject and
object interaction, situational variables, and personal percep-
tions (Sanchez-Fernandez and Iniesta-Bonillo, 2007). Student
engagement with course materials is important, as positive
student perceptions of course materials have a positive impact
on student performance (Struyven et al., 2008). Therefore, if
students perceive a textbook to be valuable, it may make a
difference to their performance.

Fortunately, the literature on OER reviewed in the next few
paragraphs suggests that, once implemented, these materials
are perceived as high quality by faculty and students and are
not harmful to student learning. In two survey-based studies by
Bliss et al. (2013a,b), ~600 students and 70 instructors from 15
colleges and universities were surveyed on their perceptions of
OER. The majority of instructors found the open textbooks
equal or better quality than traditional textbooks. Also, around
50% of the surveyed students felt the open text was equal to a
typical text, and 40% felt it was an improvement over a tradi-
tional textbook (Bliss et al., 2013a,b). Two specific benefits
identified by students were the technical advantage of a digital
text and that is was free. In Watson et al.’s (2017) study review-
ing OpenStax Biology, they found that the majority of the ~1000
students surveyed rated the textbook as being the same quality
or better quality than other texts. These studies did not include
specific student outcome data.

Hilton (2016) performed an analysis of 16 studies that
focused on OER efficacy in addition to perceptions from survey
data. He found that, across nine efficacy studies (involving
around 45,000 students), 93% of students achieved the same or
better outcomes when OER were implemented. In addition,
nine perception studies surveyed a combined 4500 students
and faculty to determine that more than half the students and
two-thirds of faculty found OER to be comparable or superior to
traditional resources, while a small minority found them to be
inferior (Hilton, 2016).

The studies described earlier pool results across many disci-
plines and colleges, which may obscure patterns that could
more easily be interpreted at the level of a single course or one
college. A few studies have addressed OER within a single dis-
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cipline level. First, Hilton et al. (2013) found that, after OER
adoption by a math department at a community college, the
student scores on department exams were essentially unchanged
compared with previous semesters when traditional textbooks
had been used. Moreover, they found that ~80% of students
reported that they would recommend OER to their classmates.
Second, Bowen et al. (2012) compared students in a statistics
class at a large university who took either the face-to-face class
with a traditional textbook or a hybrid class that used OER.
Students performed equally well on the final examination,
regardless of which version of the class they took. Third,
Pawlyshyn et al. (2013) reported the use of OER in a basic math
course at a small, private, 4-year college. They compared the
results of students enrolled in the course and found that pass
rates increased slightly when all courses used OER. Finally,
Grisset and Huffman (2018) tested an open and published text-
book in a psychology class at a small public university. Similarly,
they found no significant differences in exam scores or course
grades. Interestingly, they also found that students preferred the
textbook they used over an option they did not use.

There are a few studies in a growing field that focus on OER
efficacy and perceptions in postsecondary science classrooms.
One study, done in a chemistry course at University of Califor-
nia, Davis (Allen et al., 2015), compared an experimental class
of around 500 students who used the OER ChemWiki with a
control class of around 500 who used a commercial textbook.
The sections were taught in the same semester by the same
instructors. Researchers found no significant differences
between the two groups on overall exam results (both groups
were given the same exams) or individual learning gains (deter-
mined by comparing pretests to final exam scores). It is import-
ant to remind ourselves that a lack of a difference between OER
and non-OER student groups is a desired outcome, because it
was originally predicted that these resources would be lower
quality. In addition, if there is no difference in learning out-
comes, the cost savings alone is an argument for use of OER. A
second study, Colvard et al. (2018), examined the use of OER
materials in several courses, including four undergraduate
biology courses at the University of Georgia. They did find
significant learning gains across all the courses they studied
(with around 10,000 students in the OER group and 11,000 in
the non-OER group). However, they did not report results
specific to the biology courses.

Neither of these studies focused on biology specifically, and
both were done at large, 4-year universities. In general, ~97%
of the biology education research data comes from 4-year
institutions (Schinske et al., 2017). Considering that 50% of
STEM undergraduates begin their scientific studies at commu-
nity and technical schools (National Science Foundation,
National Center for Science and Engineering Statistics, 2010)
and considering the high diversity present in these student
populations, it is imperative that we broaden our understand-
ing about the efficacy and perceptions of biology-specific OER
in community and technical colleges. One study was performed
by Fisher (2018), who surveyed a group of community college
environmental science students on their perceptions of a newly
created environmental science open textbook. He found that
the majority of students surveyed rated the quality of this open
textbook as the same or better than a traditional textbook
(Fisher, 2018). Increased utilization of OER can also make
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TABLE 1. Summary of demographics from the four participating community and technical colleges

Saint Cloud Technical and

Anoka Technical College  Century College Community College Saint Paul College

Male 45% 45% 46% 46%
Female 55% 55% 54% 54%
First-generation by federal guidelines 73% 46% 69% 68%
Pell grant eligible 41% 24% 43% 53%
Minority groups 21% 39% 19% 61%
Full-time students 46% 41% 48% 39%
Average student age 27 25 24 29

higher education more inclusive, as it has the potential to con-
siderably lessen cost and increase access to learning materials
for many community and technical college students who can-
not afford to purchase textbooks.

The present study serves to address the gap in the literature
by examining implementation of an open textbook in general
biology courses at four community and technical colleges. We
investigate the following questions: 1) Do we see any differ-
ences in student outcomes in courses using an open textbook
compared with courses using a published textbook? 2) What
are perceptions of students and faculty regarding the quality of
their textbooks? 3) What are the faculty expectations and stu-
dent reports on the utilization of textbooks in their biology
courses?

METHODS

Context

This study took place at four community and technical colleges
that are all part of the Minnesota State Colleges and Universi-
ties system (MinnState). This is a large public system of higher
education that serves nearly 400,000 students each year. The
system serves many students from groups underrepresented in
higher education, which include students of color, first-genera-
tion students, and low-income students (using Pell-grant eligi-
bility as a proxy). The individual college demographics are sum-
marized in Table 1. Anoka Technical College is a rural-suburban
college that serves ~2000 students. Century College is a subur-
ban college that serves 12,500 students. Saint Paul College is an
urban college and serves ~9500 students. Saint Cloud Technical
and Community College is a regional college that serves ~6500
students.

Student Outcome Data Collection

To investigate our research questions, we collected student out-
come data from four instructors, one at each college. For consis-
tency, we used an equivalent, majors-level General Biology 1
course at all four colleges. Each professor first taught the course
using a traditionally published, non-open textbook (either
Campbell Biology [Reece et al., 2014] published by Pearson; or
Biology by Mader and Windelspecht [2015] published by
McGraw-Hill). Then, in a subsequent semester, the instructors
adopted the open textbook Biology, distributed by OpenStax
(2013)  (https://openstax.org/details/books/biology). ~We
selected this particular textbook because it is a readily available
textbook that seemed fairly similar to an average majors-level
biology text. Also, anecdotal evidence suggests that it is a com-
monly used textbook, and at least one large university, the Uni-
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versity of Georgia, has adopted it (Watson et al., 2017). No
other major changes to pedagogy, content, or the course were
made when the textbook was switched (i.e., highly similar tests,
assignments, lecture slides, activities, etc.).

Student outcome data were collected from Fall semester
2012 through Spring semester 2017, with most data from 2015
through 2017 (we needed to collect more distant data for one
professor who switched to the open textbook earlier than
the other professors). A summary of the data collected for each
student is shown in Supplemental Table 1. We assessed 33
courses and 1082 students across four colleges. The courses
spanned a range of modalities (face-to-face “seated,” blended
online and face-to-face “hybrid,” and fully “online”), class sizes
(large and small), textbook type (traditional and open), and
semesters (Fall, Spring, Summer). The median course size was
29 students, with courses of 29-48 considered “large,” and
courses with 18-28 considered “small.” We collected six student
outcomes for each student: course percentage, mean test
percentage, pass/fail grade on first exam (yes/no), class with-
drawal (yes/no), received an “A’ (yes/no), and received a “C,”
“D,” or “F” (yes/no).

Statistical Analysis on Student Outcomes

Data from all colleges were aggregated into a single data set for
statistical analysis. Dependent variables with binomial out-
comes (yes/no; see Student Outcome Data Collection section)
were analyzed using mixed-effect generalized linear models
(GLMs) with logit link functions (i.e., logistic regression). Con-
tinuous variables, including course percentage (student level),
mean test percentage (student level), and first exam percentage
(course level), were analyzed with GLMs with logit link func-
tion and a beta distribution for the response to account for the
fact that the dependent variable was bound between 0 and 1.
For course percentage and first exam percentage, which both
had values that exceeded 1.0 due to the extra credit that some
instructors gave with either textbook type, values were trans-
formed to ensure that all values fell within 0 and 1 by subtract-
ing 0.1 from all values. In all regressions, random effects were
included to account for clustering of students within courses,
with course ID nested within instructor included as a nested
random effect (Zuur, 2009). These random effects were
included to account for the fact that students within a course
are not independent from one another; differences in teaching
styles, grading, and other aspects of the learning environment
can potentially influence the distribution of student outcomes,
creating systematic variation according to course/instructor
that must be accounted for in the analysis. This potential
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TABLE 2. Univariable models of the effect of textbook on each student outcome?

Outcome Variable Estimate SE p value
Likelihood of getting an ‘A’ (n = 894) Book type -0.005 0.194 0.981
Likelihood of getting a “C,” “D,” or “F” (n = 894) Book type 0.150 0.181 0.407
Likelihood of withdrawal (n = 1082) Book type -0.227 0.216 0.293
Likelihood of failing first exam (n = 1014) Book type -0.233 0.222 0.294
Course percentage (n = 802) Book type —-0.038 0.062 0.537
Mean test percentage per student (n = 802) Book type —0.058 0.061 0.343

aBinomial and continuous outcomes were modeled with logistic and beta regressions, respectively.

variation based on course ID and instructor is accounted for in
the statistical models through the random effect structure. Insti-
tution may also influence student outcomes, due to differences
in the student body and academic culture. However, this study
included only one instructor per institution; thus it is not possi-
ble to distinguish between the effect of instructor versus institu-
tion. Logistic and beta GLMs were performed using the lme4
and glmmTMB packages (Bates et al., 2015; Magnusson et al.,
2018), respectively, in R statistical software (v. 3.2.4).
Independent variables that were examined for their effects
on student outcomes included semester (Fall, Summer, Spring),
course format (seated, online, hybrid), book type (open access
vs. published), and class size category (small vs. large). Class
size category breaks for small and large classes were based on
the median class size in the data set (29 students). Class size,
semester, format, and school/instructor were other factors that
could impact student outcomes, so these were included in the
analysis to address potential confounding. Variables were first
screened in univariable analyses with either logistic or beta
GLMs. The univariable analysis for book type is shown in
Table 2. Multivariable regression is a standard way to evaluate
the effect of potential predictors while simultaneously account-

ing for the effects of other variables (Zuur, 2009). For multi-
variable regression, all variables were included in a full model,
which was then backward selected until a minimal univariable
model was reached. Model comparisons of multi- and univari-
able models were performed to select the best-fit model using
the Akaike information criterion corrected for small sample
size (AICc). Models with AICc values within 2.0 of the model
with the lowest AICc were considered equally good fits for the
data (Burnham and Anderson, 2002). The purpose of model
selection was to find the most parsimonious model that best
explained the data, and variables that are dropped from the
best-fit model can be considered to have a statistically insignif-
icant influence on the outcome of interest. Dropped variables
do not explain a significant proportion of the variation in the
outcome, and their inclusion does not improve the ability of
the model to explain the data. Results are shown in Tables 3
and 4.

Faculty and Student Survey Data Collection

To assess any potential differences between faculty perceptions
of textbook use and actual use by students, we developed two
surveys: one was distributed to biology faculty at any of the 30

TABLE 3. Best-fit models for each of four student outcomes with binomial outcomes (logistic regressions)?

Model name Variable Estimate SE p value AICc difference  AICc weight
A. Likelihood of getting an ‘A’ (n = 894)
Al Semester: Spring -0.162 0.202 0.422 0.000 0.457
Semester: Summer 0.651 0.261 0.013
A2 Class size category -0.163 0.238 0.492 1.600 0.210
Semester: Spring -0.137 0.205 0.505
Semester: Summer 0.558 0.294 0.058
A3 Class size category —-0.425 0.209 0.042 1.900 0.179
B. Likelihood of getting a “C,” “D,” or “F” (n = 894)
Bl Semester: Spring 0.585 0.177 0.001 0.000 0.730
Semester: Summer -0.522 0.288 0.070
C. Likelihood of withdrawal (n = 1082)
C1 Semester: Spring 0.059 0.215 0.785 0.000 0.719
Semester: Summer -1.452 0.405 0.000
D. Likelihood of failing first exam (n = 1014)
D1 Semester: Spring 0.135 0.222 0.543 0.000 0.390
Semester: Summer -1.858 0.644 0.004
D2 Class size category 0.422 0.264 0.110 0.500 0.297
Semester: Spring 0.089 0.215 0.680
Semester: Summer —-1.566 0.664 0.018
D3 Class size category 0.708 0.260 0.006 1.900 0.151

aFor each outcome, all uni- and multivariable models that are <2 of the lowest AICc are shown.
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TABLE 4. Best-fit models for each of the three student outcomes with continuous outcomes (beta regressions)?

Model name Variable Estimate SE p value AICc difference  AICc weight
E Course percentage per student (n = 802)
F1 Semester: Spring -0.151 0.052 0.004 0.000 0.553
Semester: Summer 0.196 0.067 0.003
F2 Class size category -0.071 0.057 0.211 0.500 0.431
Semester: Spring -0.143 0.052 0.006
Semester: Summer 0.145 0.077 0.059
G. Mean test percentage per student (n = 802)
G1 Class size category -0.094 0.062 0.131 0.000 0.474
Semester: Spring -0.116 0.054 0.030
Semester: Summer 0.193 0.082 0.019
G2 Semester: Spring -0.127 0.053 0.017 0.300 0.415
Semester: Summer 0.257 0.071 0.000
G1 Class size category —-0.094 0.062 0.131 0.000 0.474

2For each outcome, all uni- and multivariable models that are <2 of the lowest AICc are shown.

MinnState community and technical colleges; the second was
distributed to students from six different faculty’s courses at five
different MinnState community and technical institutions. We
were unfortunately unable to distribute student surveys to as
many colleges due to institutional limitations on surveying stu-
dents. The surveys were administered through the survey tool,
Qualtrics, by the Office of Institutional Research, Planning, and
Grants at Saint Paul College in 2017 and were open for 3
months. Questions included demographic questions, questions
on courses taught and textbooks used, and questions on percep-
tions and expected or actual use of the course textbook. Answer
format varied, but included Likert-like options, multiple choice,
yes/no, and open-ended comments. To look for significant
differences between proportions that chose different answers
in the survey, we used a Fisher’s exact t test. This test is more
accurate than chi-squared tests for small sample sizes
(McDonald, 2014).

For faculty, 21 questions were included, adapted from the
survey presented in the 2013 Bliss et al. (2013a,b) studies. The
survey questions can be viewed in Supplemental Figure 1. A
total of 44 faculty responded to the survey. Twenty of the
respondents responded “yes” to the question “Is your textbook
an OER?,” with 17 using OpenStax Biology or Anatomy and
Physiology. Twenty-four respondents responded “no” to the
OER question and use a variety of traditionally published text-
books. Survey responses that had significant differences in
answers between OER and non-OER faculty are shown in Table
5 along with the proportions of faculty who selected each
answer and Fisher’s exact t test results. The open-ended ques-
tions were optional and were not coded.

For students, 23 questions were adapted from the 2013
Bliss et al. (2013a,b) studies. The student survey questions
can be viewed in Supplemental Figure 2. A total of 160
students responded to the survey, but only 146 answered the
questions completely enough for analysis. All of these students
who responded used the OpenStax textbook, so we were not
able to compare answers for students using OER versus not
using OER. As expected at community and technical colleges,
many students reported receiving Pell grants to fund their
education (46%) and working more than 15 hours per
week (86%).
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RESULTS AND DISCUSSION
Open-Textbook Use Does Not Significantly Impact
Student Outcomes
The type of textbook used (open vs. non-open) was not signifi-
cant (p > 0.2) for any student outcomes in univariable models,
including course percentage, mean test percentage; pass/fail on
first exam, class withdrawal, received an ‘A,” and received a
“C,” “D,” or “F” (Figure 1 and Table 2). All models controlled for
the influence of instructor and course through inclusion of ran-
dom effects into the GLM. As each instructor was at a different
college, this also controls for the influence of institution.
Because book was not significant for any outcome in univari-
able models, it was not included in the best-fit multivariable
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FIGURE 1. This graph summarizes the outcome data that suggest
that the book was not significant (p > 0.2) in univariable models of
student outcomes. For the first two graph sets, the y-axis
represents the overall average course percentage and test
percentages. For the other graph sets, the y-axis represents the
percentage of students in that category. Error bars represent SE.
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TABLE 5. Faculty responses to survey questions with answers that had significant Fisher’s t test values or trends

Proportion of open-textbook
faculty selecting this option

Answer

Proportion of non-open textbook
faculty selecting this option

Q8: For this semester, how much do students spend on required materials for this course?

$0**
$1-49*
$50-99
$100-200*

Q9: Why did you choose your current textbook? (Select all that apply)
This textbook has an excellent accompanying online program**
Students learn well from this textbook**

It was cost-effective for students*
I did not choose the textbook as it was decided by the department

Q10: How would you rate the quality of the textbook used for this course?

WORSE than the quality of texts in my other courses
BETTER than the quality of texts in my other courses*
About the SAME AS the quality of texts in my other courses

Q12: Rate each statement on how important textbook choice is in determining student success or learning (not including online programs).?

It is essential for all students to succeed in the course

It is essential to earn an A in the course

It is necessary for students to succeed in certain topics

It is necessary only as a reference and review resource*

Students do not need any additional materials beyond my lectures

Q13: How do you expect students to utilize the textbook in this course? (Select all that apply)

Students should read each chapter before or after class
Students should only read topics they struggle with
Students should use the book as a reference for figures and terms

Q14: Rate each statement on how often do you think students actually use the textbook for this course throughout the semester.”

Students never access or look at it
Students use it once or twice total*
Students use it about once a week
Students use it more than once a week*

0.400 0.000
0.450 0.136
0.100 0.273
0.05 0.591
0.000 0.381
0.100 0.571
0.900 0.429
0.150 0.381
0.250 0.043
0.050 0.434
0.700 0.522
0.600 0.773
0.112 0.089
0.800 0.955
0.500 0.182
0.150 0.130
0.842 0.857
0.421 0.143
0.421 0.474
0.444 0.238
0.500 0.095
0.895 0.762
0.684 0.952

Ratio is proportion who agreed or strongly agreed with the statement. The available options were strongly agree, agree, disagree, or strongly disagree.

bRatio is proportion who responded “sometimes” or
*Fisher’s t test value of <0.05.
**Fisher’s t test value of <0.005.

models. Other variables did have a predictive effect on out-
comes. In both uni- and multivariable models, semester and
class size significantly influenced student outcomes (Tables 3
and 4). For example, as compared with Fall students, students
in the Summer semester were 1.9 times more likely to get an ‘A’
and Spring students were ~1.8 times more likely to get a “C,”
“D,” or “E” After controlling for the effects of other variables,
including semester, students in larger classes (29-48 students)
were more likely to fail the first exam and had lower course
percentages. This suggests that there were a number of factors
associated with student success, but textbook is not one of them
in our study (Figure 1 and Table 2).

These findings are similar to other work comparing open
and non-open textbooks. Hilton et al. (2013) found test scores
virtually unchanged in mathematics courses, and a summary of
nine efficacy studies showed mostly nonsignificant differences
when OER were used (Hilton, 2016). Additionally, two studies
in psychology courses compared two different textbooks within
the same course and found no significant differences in exam
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“often.” The available options were often, sometimes, seldom, or never.

scores (Durwin and Sherman, 2008; Grisset and Huffman,
2018). Our results add to this body of research by focusing on
student outcomes in a single community and technical college
biology course.

Faculty Surveys Suggest Differences in How Faculty
Choose Textbooks

Of the 44 respondents to the faculty survey, 92.5% are aware of
OER and 91% report they would use proven OER materials. But
the 20 faculty who use an open textbook (referred to as
“open-textbook faculty” in this study) cite significantly different
reasons for choosing their textbook than the 24 faculty who do
not use an open textbook (referred to as “non—open textbook
faculty” in this study). As expected, 90% of open-textbook fac-
ulty chose their text because is was cost-effective, and only 10%
chose their text because “students learn well from it.” In contrast,
43% of non-open textbook faculty selected cost-effectiveness as
a reason they chose their text, while 57% selected “students
learn well from it” as a reason. Together, these findings suggest
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that cost-effectiveness is a higher priority than the perception of
student learning for faculty who use an open textbook.

Also, 38% of non-open textbook faculty chose their text-
book because of the accompanying online program, while 0%
of open-textbook faculty selected this reason. The attachment
to an accompanying online program may be a potential barrier
for faculty to switch to an open textbook. The details of these
answers are shown in Table 5.

These findings contrast with work presented in Allen and
Seaman (2014). In this study of around 2100 faculty at associ-
ate’s and bachelor’s degree—granting institutions, only 2.7% of
faculty (not divided by type of resource chosen or type of col-
lege) select cost as a factor in selecting teaching resources,
while we had 43% of non-open textbook and 90% of open-text-
book faculty selecting this option. Also, in the Allen and Sea-
man study, 60% of faculty selected “proven efficacy” as a factor,
similar to the percentage (57%) of our surveyed non—open text-
book faculty who selected “students learn well from it.” Only
10% of open-textbook faculty selected that option, again
suggesting that faculty using open resources may use different
criteria when selecting a textbook.

Open Textbook Is Perceived as a Quality Resource by
Students and Faculty

Both students and faculty who use the open textbook generally
view their textbook as similar or better in quality than texts
used in other courses. Seventy-five percent (75%) of the 146
student respondents and 70% of the 20 open-textbook faculty
found the open textbook to be of equal quality compared with
texts used in other courses (Figure 2). One open-textbook fac-
ulty made the following additional comment in the survey: “It
is pretty equal to a text like Campbell Biology, but it is SO much
less expensive for students.” Given the similarities in perceived

@ Open Textbook Students
B Open Textbook Faculty
O Non-Open Textbook Faculty
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FIGURE 2. Responses to the question “How does your textbook
compare to textbooks used in other courses?” A single asterisk
represents a Fisher's exact p value of <0.05 comparing open-
textbook to non—open textbook faculty. Error bars represent SE.
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quality, quality should not be considered a major impediment to
switching to an open textbook.

These results are similar to previous published work. Hilton
found that 50% or more of students had favorable impressions
of OER over eight different perception studies of 2300 students
(Hilton, 2016). In addition, a 2013 survey of community col-
lege students at seven colleges revealed that 97% of students
found OER to be equal or superior to traditional textbooks
(Bliss et al., 2013a).

One interesting aspect of our study is we also asked faculty
who use non-open textbooks their opinion of their non-open
text. Forty percent (40%) believe that their textbook is better
quality than texts used in other courses, while only 5% of fac-
ulty using the open text believe their textbook is better quality
(Table 5 and Figure 2). In the open-ended comments question,
one non-open textbook faculty said “[My published textbook]
is a standard and essentially perfect textbook for the first year
of biology.” This suggests that faculty who use a non-open book
may be more passionate about their book, or perhaps perceive
its value to be higher, as cost is one of many related facets to
perceived value (Piehl, 1977; Sanchez-Fernandez and Inies-
ta-Bonillo, 2007).

Faculty Expectations of Textbook Use Do Not Always Align
with Student-Reported Use

Survey results suggest that student textbook use does not
always align with faculty expectations and perceptions of
textbook use. For example, 29% of students report reading
their texts’ chapters completely compared with ~85% of fac-
ulty expecting that students read the chapters (Figure 3).
Failure to read the textbook has been observed in other
studies. One study reports that only 27% of psychology
students read the textbook before class (Clump et al., 2004).
Another study found that 24% of students believe the

@ Open Textbook Students @ Open Textbook Faculty @Non-Open Textbook Faculty
1

0.9

0.8 %— {|}

0.7

0.6

0.5

0.4
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0.2
0

Read each chapter ~ Only for topics | struggle
completely with

Ratio

Reference

FIGURE 3. Reported textbook use by students and faculty
expectations of use. Students answered “Describe your current use
of your textbook for this course” and could select one choice.
Faculty answered “How do you expect students to utilize the
textbook in this course?” and could select all options that

applied. Although questions are not directly comparable for
statistical analysis, the trend of answers still shows a difference
between student use and faculty expectations of use. Error bars
represent SE.
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B Open Textbook Students EOpen Textbook Faculty ENon-Open Textbook Faculty
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total week week
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Never Used

FIGURE 4. Frequency of textbook use. Students answered

“How often are you using the textbooks for this course?,” and
faculty answered “How often do you think students actually use
the textbook for this course throughout the semester?” For faculty
responses, the ratio is the faculty who checked “sometimes” or
“often.” A single asterisk represents a Fisher's exact p value of <0.05
comparing open-textbook to non—open textbook faculty. Error
bars represent SE.

professor expects them to read 3 hours a week, even when
only 8% of students actually read 3 hours per week (Berry
et al., 2010).

Sixty-five percent of students use the textbook for reference
and for topics they struggle with. In this case, student use
approximately aligns with faculty expectations, as 50% of
faculty using OpenStax agree with the statement that “it is
necessary only for reference and review.” It is interesting to
note that only 18% of faculty using a published book agree
with this statement (Table 5). However, students do use the
textbooks, with 88% using it about once per week or more
(Figure 4). That result may come as a surprise to many
open-textbook faculty, of whom 45% think that students only
use the book one or two times per semester (9% of students
report they use the text one or two times only). Only 1% of
faculty using a non-open book thought students use it this
infrequently (Table 5).

Our results suggest that open-textbook and non-open text-
book faculty may have different viewpoints on textbook use. For
example, as stated earlier, open faculty are more likely to find the
book only necessary for reference and review. Also, we see differ-
ences in other faculty expectations of textbook use, although not
all are statistically significant. (Table 5 and Figures 3 and 4). It is
not clear whether this is due to the type of faculty who switch to
OER or the type of resource. It is possible that faculty are advo-
cating the book differently to their students. Berry et al. (2010)
found that students often do not read the textbook, as they view
it as a substitute for other resources a professor provides, such as
study guides, videos, or online activities.

Limitations

We did not survey students using published textbooks, so we
do not know whether students using a published textbook
would answer questions differently than the students using the
open textbook. Surveying students who are not using OER
would be useful to see whether they have similar views and
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usage patterns when using a traditional textbook. That being
said, it can be assumed that surveyed students had experience
with using published, non-open textbooks in other classes.
Also, our student outcome data were not disaggregated by
demographic information, as it was not allowed in our
data-sharing agreement between the colleges. We also did not
link survey responses to student outcomes, so we can only
make generalizations when comparing the survey data with
the outcome data. An important future question is to investi-
gate whether gains are made in any particular student demo-
graphic groups.

In addition, faculty self-selected whether they would use an
open-source or published textbook. Owing to this self-selection,
we cannot say with certainty that faculty responses are broadly
representative of what all faculty would experience were they to
switch to OER or stay with non-open resources.

This study only examined student outcome data with one
OER source, OpenStax Biology, and one course, General Biology
1. We do not know whether we would see similar results in other
biology courses or other OER sources. Even with this, OpenStax
has produced approximately 50 open textbooks (Rice Univer-
sity), and if others are similar in quality to the Biology text, the
results may be similar. In addition, the OpenStax Biology text-
book is widely used and readily accessible (Boyd, 2016), so hav-
ing results even for just this one textbook is still valuable.

If students are not regularly using the textbook (22% report
using it only for reference or not using it), they may not be
informed enough to accurately judge the quality of the text-
book. One student even commented in the survey’s open-ended
comments that the textbook is the same quality “because I don’t
exactly use any of my textbooks.” It is also possible that some
faculty using a non-open book have not recently compared their
texts with other textbooks, so they are making comparisons
without sufficient knowledge to truly judge their texts in com-
parison to others.

As the survey data were self-reported, some of the measures,
such as textbook quality, are subject to individual student biases.
However, self-reported perceptions are important determinants
of faculty choice and students’ engagement with the textbook.
Published literature suggests that when students perceive class-
room materials and activities to be valuable, they engage more
with the course and strive for deeper understanding (Struyven
et al., 2008; Brazeal et al., 2016; Cavanagh et al., 2016).

SUMMARY

We investigated questions related to implementation of open
textbooks in general biology courses at four different commu-
nity and technical colleges. This study also expanded research
on biology OER to community and technical colleges, where
many science students begin their studies.

First, we did not see any significant differences in student
outcomes when using an open textbook compared with using a
published, non-open textbook (Figure 1). This alone supports
use of open textbooks over non-open textbooks. It is possible
student learning is relatively independent of textbook choice,
OER or otherwise.

Second, the majority of students and faculty in our study
perceive the open textbook as equal in quality to other text-
books (Figure 2). In addition, open-textbook faculty were more
likely to select cost-effectiveness and less likely to select
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“students learn well from it” as a reason the textbook was cho-
sen. Faculty who use a traditionally published book were less
likely to select cost-effectiveness and more likely to select “stu-
dents learn well from it” (Table 5). As student outcomes did not
change significantly when using the open book, we argue that
students also “learn well” from the open textbook.

Third, student textbook use by students and faculty expecta-
tions of textbook use do not always align. For example, most
faculty expect that students read the textbook chapters, while
only 29% report reading (Figure 3). But most students do use
the textbook at least once a week, even if many faculty think
students do not use it this frequently (Figure 4). The results sug-
gest that having a textbook still may be important to a student,
but among the textbooks used in this study, the choice of text-
book may not be a primary determinant of student learning.
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HIGHLIGHTS:

This study looked at general biology courses at four community and technical colleges that implemented traditionally published or
open textbooks. Student outcomes, textbook utilization methods, and perceptions of textbooks were investigated.
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