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OERS &

EDUCATIONAL OUTCOMLES

Open educational resources (OERs) are an
alternative textbook to publisher materials used
by colleges and universities. While OERs likely
reduce the cost of college for students, research
is mixed on the impact of these textbooks on
student success in college.
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ABSTRACT

Open educational resources (OERs) are an al-
ternative textbook to publisher materials used
by colleges and universities. While OERs likely
reduce the cost of college for students, research
is mixed on the impact of these textbooks on
student success in college. The present study
utilizes preference score matching (PSM) meth-
odology to compare OER and publisher text-
book use to student pass and withdrawal rates
from 9 high-enrollment courses taught at the
Community College of Baltimore County from
fall 2016 through spring 2021. We examined all
enrollments in a subclass-match PSM model,
and found a significant improvement of 0.153

on the final course grade received by the student,
and a significant increase of about 4% for
students that received an ABC in courses using
the OER, along with a significant decrease of
2.6% in the rate that students withdrew from
OER courses. We also examined Pell students in
a subclass-match PSM model, and found a sig-
nificant improvement of 0.331 on the final
course grade received by the Pell student, and
a significant increase of about 9% for students
that received an ABC in courses using the OER,
along with a significant decrease of 4.8% in the
rate that Pell students withdrew from OER courses.




INTRO

DUCTION

As a follow-up on prior research, the authors undertook a more
extensive review of courses at a large, Mid-Atlantic Community
College (the Community College of Baltimore County), in an ef-
fort to evaluate the impact of using open educational resources
(OERs) on student outcomes (Faith et al., 2021).

The following is a more comprehensive review
of a wider array of independent variables
across a larger number of highly enrolled
courses that used a publisher textbook and
subsequently used an OER text. The objective
of this study is to examine whether variations
in student outcomes are explained by OER
use in these courses.

An instructor's key concern is guiding students
to demonstrate the course's stated learning
objectives. The course textbook is one of the
fundamental tools used by instructors across
many disciplines and institutions nationally,
and therefore, the accuracy, quality, and ac-
cessibility of the textbook for students is of
substantial concern to the instructor. The
literature report concerns from some faculty that
OERs are in some form lesser than publisher

textbooks, and as a consequence, OERs will
not help students to attain the course learning
objectives at the same rate as compared with
traditional textbook-based courses. However,
the literature also reports a substantial equity
concern for students as to the cost of publisher
textbooks, and the disparate impact of this cost
on students of more moderate means. The
literature also reports divergent student out-
comes for courses and institutions adopting
OER textbooks (Clinton & Khan, 2019).

This paper contributes to the growing body
of literature on the impact of OERs on stu-
dent learning outcomes in examining a wider
scope of independent variables for a wider
array of highly enrolled courses offered by a
large, regional community college.
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INTRO

DUCTION

The authors hypothesized that the use of
OER materials would result in improved stu-
dent outcomes across the courses in the
study, either because the reduced cost of the
materials would reduce a barrier for students
to access them for the course, or because the
OER materials were superior to traditional
textbooks as the OER materials were tailored
to the course objectives of those courses
adopting them. Numerous studies have dis-
cussed the former, identifying that the growing
cost of publisher materials results in students
foregoing the textbook but remaining in the
course and/or subsequently withdrawing,
likely to the student's detriment (Clinton &
Khan, 2019). Research question 1 was whether
OERs had a significant impact on student

success or withdraw rates for students en-
rolled in one of the identified highly enrolled
courses that had implemented an OER during
the study period.

The authors also hypothesized that the use of
OER materials would result in improved student
outcomes for Pell students included in the
study, because the cost of materials represented
a special barrier for such students having modest
means to pay for college and materials for
courses. Research question 2 was whether OERs
had a significant impact on student success
or withdraw rates for Pell students enrolled in
one of the identified highly enrolled courses
that had implemented an OER textbook
during the study period.
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METHODS

The authors began this analysis by collecting data on students
enrolled in specific courses between the fall 2016 and spring
2021 semesters. The authors targeted highly enrolled courses
at the Community College of Baltimore County which had
implemented an OER textbook during the period, to compare
the impact on student learning outcomes before and after
the OER text was adopted. Table 1 describes the courses

included in the study, and the date each one adopted an
OER text.

The studly itself is constructed as an observational study, rather
than a randomized controlled trial, of the OER textbook as
the treatment, because a randomized study of this scale in
an educational setting would be infeasible (Adelson, 2013).

// Research Article //




Observational studies at their outset create a strong
possibility ol bias due to confounders in the observed
data, where a baseline covariate within the population
may be the true cause of the observed result, rather than
the treatment being analyzed by the study (Austin, 2011).

Observational studies at their outset create a strong possibility
of bias due to confounders in the observed data, where a baseline
covariate within the population may be the true cause of the
observed result, rather than the treatment being analyzed by
the study (Austin, 2011). In a randomized controlled trial, an un-
biased estimate of the average treatment effect can be calculated
by a difference of the means of outcomes between the control
and treated populations. However, an observational study's
control and treatment groups may vary such that other covariates,
including, for example, the age, family income, or race distribu-
tion of each group, may bias the difference between the observed
means. One methodology discussed in the literature to counter
this problem is the use of a propensity score.

Rosenbaum and Rubin (1983) originally developed the propensity
score as expressed in the following formula: ei = P r (Zi = 1|Xi),
where ei is the preference score of the individual, i, Xi is a vector
of features or characteristics for individual i, and Zi is a binary
variable indicating whether or not individual i is a match. The
purpose of calculating a propensity score is to create a similar
treatment and control group so that the distribution of known
covariates is similar between the 2 groups (Austin, 2011) such
that “in a set of subjects all of whom have the same propensity
score, the distribution of observed baseline covariates will be
the same between the treated and untreated subjects." The
output from a properly matched treatment and control group
is the average treatment effect on the treated (ATT). Fischer's

implementation of propensity score matching (PSM) was “to
create subsets of students who were statistically similar across
three important covariates: age, gender, and minority status”
by regressing the bivariate treatment condition on these co-
variates and matching using “nearest neighbor matching with
calipers" to create homogenous treatment and control groups
(Fischer, 2015).

Concerns, however, remain in implementing PSM in the educational
setting because there are so many variables that may significantly
impact a student's performance in a course. An accurate ATT
depends on careful consideration of all relevant variables that
may impact student course outcomes. Otherwise, the study
may present an analysis where an undiscovered bias may better
explain differences between treatment and control groups than
the treatment applied to the study, such as the use of an OER
textbook. Alyahyan and Duistegér (2020) identified numerous
factors that may correlate with student success, including (a)
past student performance such as high school grade point average
(GPA) and/or student grade point average in prior college courses;
(b) student demographics such as gender, race, and socioeconomic
status; (c) the type of class, semester duration, and program of
study; (d) psychological factors of the student such as student
interest, stress, anxiety, and motivation; and (e) e-learning
data points such as student logins to the learning management
system (LMS) and other student LMS activity.
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We began at the outset with a larger dataset of potential
covariates that might explain student performance in
courses, including the cumulative GPA of the student

which we collapsed into GPA ranges to simplify our model
(the GPA ranges were 0.5 steps of GPA, such that GPAs
between 3.75 and 4.0 were rounded to 4, 3.25 to 3.74 were
rounded to 3.5, 2.75 to 3.24 were rounded to 3, and so forth).

We also included student demographic variables
including age, gender, race, Pell status as an
indicator of socioeconomic status, and whether
the student was new first time, returning, or a
transfer student (new first time college students
also encompass high school students that began
taking college courses while in high school).

Finally, we also included whether the course was
taught in person, the overall hours attempted
and earned by the student, and the course level
of the course. We then examined median
course grades across these covariates, find-
ing that: (a) median grades for White and
Asian students were generally higher than
other ethnic backgrounds, (b) median grades
for females students were higher than male
students, (c) median grades for Pell students
were higher than for non-Pell students, (d)
median grades for transfer students were
higher than for new first time and returning
students, and (e) median grades for younger
students tended to be higher than for older
students, where the median age of students
was 20 within the study. We also discovered
that other variables, such as the cumulative
credits earned by a student, were not cor-
related with course outcomes, and therefore
excluded these variables from assigning a
preference score. This initial analysis guided
us in developing an appropriate preference
score for each student for matching as dis-
cussed below.

Another methodology barrier is the use of
datasets with duplicated students, given that
students may re-enroll in a course and change
their cumulative GPA during the 5-year period
of the study. Some studies (Fischer, 2015; Winitzky
-Stephens 2017) avoided this issue by using a
PSM approach to define control and treatment
groups, as noted above, while other studies
utilized a multilevel modeling approach, such
as in Winitzky-Stephens, which, according to
the authors of that study, would ameliorate

the contamination issue. Other studies did not
address the problem of duplicated students
within their dataset, such as Colvard, or were
limited to a single instructor's implementation
of OER in a course and therefore duplicated
students were probably few (Colvard, 2018;
Hilton, 2019).

Given the size of the present data set and the
use of a number of highly enrolled courses at
the College that may be required in multiple
majors, a substantial number (15,383) of en-
roliments are associated with duplicate students
(with an individual student appearing up to 7
times in the data set as a result of taking dif-
ferent classes, repeating a particular course
for a better grade, or both). PSM addresses
this issue of duplicated students within the
overall dataset.

Hilton identified an additional methodology
issue of teacher bias in a meta-study of pub-
lished OER research (Hilton, 2019). Variation
in student grades could potentially be cor-
related with variances in faculty grading
standards, thereby contaminating analysis of
the impact of a treatment such as the use of
OER textbooks on student outcomes. Hilton
identified 5 studies that effectively controlled
for teacher bias by having the same faculty
person teach the course using traditional
publisher materials, and later teaching the
course using OER materials (Hilton, 2019).

To control for the possibility of teacher bias, the
authors only included enrollment from individual
courses that were taught by instructors that had
used both a publisher textbook and OER ma-
terials during the study period. This resulted in
a total of 29,821 enrollments initially included
in the analysis. A total of 105 faculty were in-
cluded in this analysis by meeting the criteria
of (a) teaching 1 of the 9 courses included in the
study, and (b) teaching the course using both a
publisher and OER text during the study period.
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METHODS

An institutional database source was queried for the raw
data included in this analysis and exported into a MySQL
database, where the data was processed to homogenize
study variables, and such processed data was statistically
analyzed using R version 4.2.2.

Certain independent variables were converted
to a binary value for the analysis, such as gender,
race (set as 1if the student was White or Asian,
and O for all other ethnicities), Pell eligibility,
whether the course was taught in-person,
and whether the student had transferred
from another college or university. As noted
above, GPA was simplified into categories
based on rounding to a half grade point.

Three dependent variables were defined: (a)
whether the student withdrew from a course,
(b) whether a student earned an ABC in the
course, and (c) the final grade in the course
coded such that an A was coded as 4, B as 3,
Cas 2, D as 1, and all other final grades as O.

The institutional data source indicated
whether a student enroliment had only been
exposed to publisher textbooks and was
identified as belonging to the control group. The
data source also indicated whether the student
had only been exposed to OER textbooks and
was identified as belonging to the pure group.

Students exposed to both OER and publisher
textbooks were marked as belonging to the
mixed group. To further refine OER exposure,
an application was developed that examined
each enrollment based on the course and the
semester and indicated whether that particular
enrollment was in a course that utilized a
publisher or control textbook based on the
adoption date identified from the research of one
of the authors. Enrollments were subsequently
coded as either a part of the treatment or not
based on whether the enroliment was associ-
ated with a course that utilized the OER text.

The Matchlt function was utilized in R to develop
a propensity score match of students who
enrolled in an OER-based course, with similar
students enrolled in a control course, using the
following independent variables: (a) whether the
student was female, (b) whether the student was
White or Asian, (c) the student's GPA category,
(e) whether the student was a transfer student,
(f) whether the student received a Pell grant,
and (g) whether the course was in-person.
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METHODS

We next attempted several dilferent matching
algorithms with the dataset to find the best
overall match of students from the treatment
group to the control group.

We first attempted a nearest propensity score
matching with a caliper of 0.1 with a propensity
score estimated using glm regression of the
treatment on the covariates, however, this
achieved poor balance overall as the standard
pair distance exceeded 0.1 for most of the co-
variates (Griefer, 2022; Ho, 2011). We also used
exact and coarse exact match matching, but
both of these resulted in some discarded
treated observations in the study, which might
limit the results to a statement of the average
treatment on the matched (Griefer, 2022).

We then attempted a subclass propensity
score matching which achieved a standard
pair distance of less than 0.1 for all covariates,
as more fully described in Figure 1a, for all stu-
dents included in the study; no observations
were discarded. For the Pell-only model, we
also used a subclass propensity score which
resulted in adequate balance of the control
and treatment groups as more fully described
in Figure 1b; no observations were discarded.
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To estimate the treatment effect and its standard
error, we fitted a linear regression model with
whether the student succeeded in the course
(by earning an A, B, or C) as the outcome, and
the treatment, covariates, and their interac-
tions as predictors, and then included the full
matching weights in the estimation. The Im
function was used to fit the outcome, and the
comparisons function in the marginaleffects
library was used to perform a g-computation
in the matched sample to estimate the ATT. A
similar linear regression model was created to
evaluate whether the student withdrew from
the course and the overall course grade earned
by the student (Griefer, 2022). Matching was
performed using the Matchlt package (Ho, 2011)
in R, which calls functions from the Matching
package (Diamond & Sekhon, 2013; Sekhon,
2011). Figures were generated within R using
the ggplot2 library.
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Figure 1. Love plot of unmatched and matched control and treatment groups using Matchlt and
“Subclass" methodology for the (a, left panel) all students and (b, right panel) Pell-only students.



RESULTS

Table 1T summarizes the enrollment by course that was included in this
analysis of OER use. The reader will note the duplicated students
are included in this dataset. A total of 20,935 unduplicated students
were included in the study, with students taking between 1 and 7
courses included in the study (median enrollment was 1 course per
student with a standard deviation of 0.73; a total of 1,799 students
were enrolled in 3 or more courses in the study).

Courses were selected based on high enrollment during the review
period of fall 2016 through spring 2021, and implementation of an
OER text at some point during the 5-year period. Individual sections
were excluded where instructors did not teach the course using
both a publisher text and an OER text later. All courses included in
this study are 100-level courses or lower
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RESULTS

A total of 29,821 enrollments across these 9
highly enrolled courses were included in
the study, with 9,590 enrollments in the
control (publisher) textbook group, 11,649
enrollments in OER-only textbook group,
and 8,566 enrollments that took classes
that used both publisher textbooks and
OER textbooks during the study period. At the
course level, 14,985 enrollments were asso-
ciated with courses that had implemented
an OER during the study period, with the
balance associated with those same
courses while utilizing a publisher textbook.

Tables 2-4 summarize student success based
on their OER exposure during the study
period. Table 2 shows the overall percentage
of students that received an ABC grade in
each of the 3 groups in the study. Enrollments
only exposed to OER courses had a success
rate of 59%, whereas enrollments in the
control and mixed groups had an overall
success rate of 63%. The decline in success
rates by course is generally consistent with
the overall decline in comparing the control
and OER-only groups as described in Table
4 (with the exception of the ESOL 054 course,
where the two success rates are the same).

Table 5 shows the overall percentage of
Pell students (n = 4,143) that received an
ABC in each of the 3 groups in the study.
Pell status in the study is used as a proxy
for the socioeconomic status of students
as students eligible for a Pell grant must
have a relatively low expected family con-

tribution as calculated from the student's
FAFSA submission. The authors theorized
that the availability of low/no-cost OER
materials would improve Pell student success,
as the cost of publisher materials may pose a
barrier to low-income students.

Table 5 illustrates that the success rate of
Pell students in the control group was 66%,
whereas the success rate in the mixed group
was 69% and the success rate was 71% in the
Pure OER group.

To address the issue of co-variants in the
data, the authors proceeded to conduct a
PSM analysis, matching treatment enroll-
ments with control enrollments based on
several independent variables that can be
associated with student success, as noted
above in the methodology. We then pro-
ceeded to analyze the ATT of the treatment
on student success, defined as both whether
the student received an ABC, whether the
student withdrew from the course, and the
final course grade earned.

The results of the PSM matching analyses are
summarized in Table 6 for all students included
in the study, and in Table 7 for Pell-eligible
students. The use of OER textbooks appears
to show a significant positive impact on
student success rates for all students and
Pell-only students, and a significant reduction
in the rate at which students withdraw from
classes in both models.




DISCUSSION &
CONCLUSION

Student success is an important aspect of the college experience of
the student. As faculty, we strive to implement improvements in our
courses that support the success of students. OERs are a widely adopted
intervention, boosted by the idea that reduced-cost textbooks that
are otherwise of similar quality to publisher texts reduce a barrier to
student learning.

On first examination, our analysis does not support this notion. A review
of the data in Tables 2 & 4 suggest that almost across the board, students
that are just exposed to OER textbooks are less likely to receive a
passing grade in the 9 courses we included in this study, even
though students who receive Pell grants (a minority of the student
enrollments included in the study) seem to more frequently receive
a passing grade in courses with an OER textbook.
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DISCUSSION &

CONCLUSION

However, there are substantial covariates that impact
student performance in college courses which may
be confounded with the OER textbook treatment.

To address this concern, we implemented a
PSM approach to modeling the data and to
estimate an ATT of the OER on student per-
formance. Using a subclass matching method,
we were able to match control and treatment
units based on 6 covariates: whether the student
was female, whether the student was White or
Asian, the GPA range of the student, whether the
student was a transfer student from another
college or university, whether the student
was a Pell grant recipient, and the age of the
student enrolled in the course. The estimated
ATT for students using OER textbooks was a
significant improvement of 0.153 (on average,
a 6th of a letter grade improvement) on the
final course grade received by the student,
and a significant increase of about 4% for
students that received an ABC in courses using

the OER, along with a significant decrease of
2.6% in the rate that students withdrew from
OER courses.

The impact on Pell-eligible students, however,
was more substantial, when we matched using
5 covariates: whether the student was female,
whether the student was White or Asian, GPA
range of the student, whether the student
was a transfer student, and the student's age.
The estimated ATT for students using OER
textbooks was a significant improvement of
0.331(on average, about a 3rd of a letter grade
improvement) on the final course grade re-
ceived by the Pell student, and a significant
increase of 9.2% for students that received
an ABC in courses using the OER, along with a
significant decrease of 4.8% in the rate that
Pell students withdrew from OER courses.
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DISCUSSION & CONCLUSION

“We really can’t stop students

from using it. It’s already an
4 y 9
emerging technology.

Interpretations of impact on overall student
course grades should be approached with
caution. As discussed by Grimaldi (2019), OER
researchers have hypothesized that student
course grades would improve after imple-
mentation of OER because the cost of publisher
textbooks was a barrier to accessing the
textbook, yet studies of the impact of OERs on
final course outcomes is mixed.

Grimaldi points out that this may be because
most empirical studies of student outcomes
do not assess the level at which students had
access to publisher textbooks previously and
therefore could not compare the level of access
attained by implementing an OER, even
though the level of access to textbooks may
better explain changes in course grades. The
other hypothesis of OER researchers has been
that OER textbooks should be superior in quality
to publisher books, therefore students should
perform better in OER courses for this reason.
This study does not attempt to evaluate whether
OERs are superior in terms of their content or
student comprehension of course materials,
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though the superiority or inferiority of one
textbook over another could very well explain
variations in course outcomes. The conundrum
is that any combination of these variables —
access to textbooks and quality of textbooks
— could explain course grade changes between
publisher and OER textbooks, but neither
variable was available to this study.

Second, the literature notes a number of other
independent variables that may impact student
performance in courses, but not all of these
variables were available to this study to match
control and treatment units, such as certain
psychological factors and student LMS activity.

Finally, the study period includes the start of
the global COVID-19 pandemic, which result-
ed in the sudden shift of students to online
learning. We did not include this change as a
study variable, though it is possible that the
sudden change in instructional modality may
have impacted student success and with-
draw rates during that period.
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TABLE 1

Table 1. Courses and Adoption Semester of OER.

Course Description Adoption Semester Study Enroliment
WMST 101 Intro to Women's Studies Fall 2019 1,158
ESOL 054 Academic ESOL Reading Spring 2018 1,000

FAPA 101 [l ol Fall 2017 936
Performing Arts

PSYC 101 Intro to Psychology Fall 2017 1,643
MNGT 140 Business Law | Fall 2017* 1,870
CHEM 107 Fundamentals of Fall 2018** 4,083

Chemistry
MATH 135 Applied Algebra & Fall 2020 922
Trigonometry
Intro to Statistical sk

MATH 153 Methods Fall 2015 5,614

MATH 163 College Algebra Fall 2016*** 2,579

* = specific faculty piloted the OER in fall 2017 & spring 2018, and then all faculty began use of the OER text
starting in the fall 2018 semester.

faculty returned to publisher textbook in the spring 2020 semester.

*** = only online sections utilize the OER text.



TABLE 2&3

Table 2. Overall Course Grade Outcomes.

Grouping % ABC grades
Control 63%
Mixed exposure 63%
Pure OER 59%
Overal 61%

Table 3. Overall Course Grade Outcomes by Course.

Course Description % ABC grades
WMST 101 Intro to Women's Studies 65%
ESOL 054 Academic ESOL Reading 83%

Intro to Fine &
%
FAPATOT Performing Arts 80

PSYC 101 Intro to Psychology 63%
MNGT 140 Business Law | 66%
CHEM 107 Fundome.ntals of 50%
Chemistry
MATH 135 Appl.led Algebra & 68%
Trigonometry
Intro to Statistical

%
MATH 153 Methods 55
MATH 163 College Algebra 50%

Overall 61%




TABLE 4&5

Table 4. Overall Course Grade Outcomes by Course & OER.

Course Description % ABC Control % ABC Mixed % ABC Pure

WMST 101 LU T 68% 67% 58%
Studies

ESOL 054 ALLENIEIEE05 82% 85% 82%
Reading

FAPA 101 Intro to Fine & 81% 88% 74%
Performing Arts

PSYC 101 Intro to Psychology 68% 68% 58%

MNGT 140 Business Law | 73% 65% 63%

Fundamentals of

CHEM 107 Toney 61% 56% 60%
MATH 135 Aprr ';::n/j)'rieei’s & 71% 64% 67%
MATH 153 '””°;|‘; tsrfgjss‘tico' 56% 57% 51%
MATH 163 College Algebra 50% 53% 43%

Table 5. Overall Course Grade Outcomes by OER and Pell Status.

Pell Status % ABC Control % ABC Mixed % ABC Pure

Pell students 66% 69% 71%




TABLE 6&7

Table 6. Average Treatment Effects on the Treated (ATTs).

Variable ATT Z value P 2.5% 97.5%

OER treatment on course grades 0.153 1.5 <0.001 0.127 0.179
OER treatment on pass (ABC grade) rate 0.0408 8.89 <0.001 0.0318 0.0498
OER treatment on withdraw rate -0.0258 -7.57 <0.001 0.0324 -0.0191

Table 7. Average Treatment Effects on the Treated (ATTs) Pell Students.

Variable ATT Z value P 2.5% 97.5%

OER treatment on course grades 0.331 8.73 <0.001 0.256 0.405
OER treatment on pass (ABC grade) rate 0.0924 717 <0.001 0.0671 0.118
OER treatment on withdraw rate 0.0478 -5.27 <0.001 0.0656 -0.03




