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Abstract

Fostering equity in undergraduate science, technology, engineering, and mathematics
(STEM) programs can be accomplished by incorporating learner-centered pedagogies,
resulting in the closing of opportunity gaps (defined here as the difference in grades earned
by minoritized and non-minoritized students). We assessed STEM courses that exhibit
small and large opportunity gaps at a minority-serving, research-intensive university, and
evaluated the degree to which their syllabi are learner-centered, according to a previously
validated rubric. We specifically chose syllabi as they are often the first interaction students
have with a course, establish expectations for course policies and practices, and serve as a
proxy for the course environment. We found STEM courses with more learner-centered syl-
labi had smaller opportunity gaps. The syllabus rubric factor that most correlated with
smaller gaps was Power and Control, which reflects Student’s Role, Outside Resources,
and Syllabus Focus. This work highlights the importance of course syllabi as a tool for
instructors to create more inclusive classroom environments.

Introduction

Higher education is one of the most promising paths to social mobility in the United States
[1], as university graduates find jobs faster, are more likely to be employed, and have higher
salaries [2, 3]. Representation of minoritized populations in higher education is one of the
most effective ways to close the wealth gap [1]. In addition to decreasing income inequality,
equitable participation and success in post-secondary education increase workplace diversity
resulting in a greater range of worldviews, productivity, and innovation [4]. Although the US
college enrollment gap, the difference in enrollment rate between minoritized (students who
are underrepresented in higher education, including Black, Latinx, Pacific Islander, and indig-
enous peoples) and non-minoritized (students who are White or Asian) students has shrunk,
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Black, Latinx, and indigenous students still enter college at lower rates relative to White stu-
dents [3].

In addition, academic success rates once in college still show stark disparities. In particular,
science, technology, engineering, and mathematics (STEM) programs in higher education fail
to foster and promote equitable and inclusive learning environments which result in lower
retention and graduation rates for women, minoritized, and low-income students [5].

Of primary significance is the well-documented “chilly climate” of STEM fields, which
refers to the student perception of faculty being unapproachable and intimidating [6, 7]. In
higher education, this chilly climate decreases interactions between students and faculty and
increases attrition especially among minoritized students [8, 9]. Research shows minoritized
STEM students consistently are awarded lower grades than non-minoritized students, which
strongly impacts whether they persist in attaining their intended degrees, switch to another or
drop out of college altogether [10].

Theoretical framework

One way to minimize outcome disparities in STEM is by changing the culture of teaching and
learning and redirecting the focus from teaching to learning by embracing a more learner-cen-
tered approach when designing curricula [11-14]. A learner-centered pedagogy is rooted in
the Constructivist Learning Theory which posits that learning does not happen simply by
knowledge-transfer from the instructor to the students; instead, learners actively construct
knowledge through experience and social interaction [15]. This research is grounded in three
of the fundamental tenets of learner-centeredness and active learning pedagogies. First is that
learning occurs in a “community” where students collaborate with their peers and comfortably
interact with the instructor [16]. A community is built upon trust that arises from a common
understanding of the classroom structure and policies. Second is an environment with shared
power between students and instructor, where students have the opportunity to take control of
their learning. Sharing “power and control” means empowering students by giving them
choice and autonomy while asking them to take responsibility for their learning [17, 18]. In
this environment, students are expected to engage in independent investigation and presenta-
tion of student-generated knowledge. Last is a learner-centered approach towards “assessment
and evaluation” as opposed to a teacher-centered one. Assessment should provide ongoing
reciprocal feedback among the students and between the students and the instructor through
formative assessment [17, 18]. The purpose of evaluation should be the achievement of learn-
ing outcomes (which have to be clearly stated) instead of focusing on grades [17, 18].

One means to increase the learner-centeredness in classrooms is through the implementa-
tion of active learning pedagogies [19, 20]. Generally, research shows that active learning strat-
egies in STEM courses are more effective than traditional lectures in increasing student
performance and retention [11, 12], particularly for minoritized populations [14]. Active
learning practices in STEM courses differentially benefit minoritized students by closing out-
come gaps, increasing self-efficacy, and promoting a sense of belonging [13, 14, 21].

Course syllabi as a measure of learner-centeredness

Instructors can demonstrate the learner-centered nature of their course through the syllabus,
which practitioners and researchers view as a representation of the course content and struc-
ture [22-25]. Palmer et al. [26 p. 37] define the syllabus as “a physical artifact outlining key
structural elements of a course.” Eberly et al. [27] argue that the course syllabus is a contract
that discusses classroom pedagogy and norms and has a significant influence on course devel-
opment. A syllabus can provide a snapshot of the course environment including classroom
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practices and the teacher’s view towards teaching and learning [22-25, 28]. It has also been
demonstrated that syllabi are significant artifacts that drive student decisions in course selec-
tion [29]. Further, the tone and language of the syllabus can affect students’ perceptions of the
course, potentially impacting their engagement with the course, the instructor, and their peers
[30, 31]. This is critical in that low engagement disproportionately affects minoritized students
by creating grade inequities, consequently resulting in low persistence in completing their pro-
gram of study [32].

Research gap and questions

While researchers have examined the learner-centeredness of course syllabi, there has not
been an attempt to link syllabus learner-centeredness to student outcomes, in the same vein as
research connecting learner-centered teaching practices and outcome gaps. If learner-centered
instructional practices correlate with smaller grade gaps, it is possible that a similar relation-
ship exists between learner-centered syllabi and such gaps.

By examining institutional data, Denaro et al. [33] found that there are pervasive racial
opportunity gaps (the difference in course grade awarded to students from minoritized and
non-minoritized populations) at the course-instructor level in undergraduate STEM courses.
Their work explored the course opportunity gaps (recommended by Teach for America in
place of achievement gap as to not blame students for systemic injustices) defined as the differ-
ence in the course grade (on a 4.0 scale) received by minoritized and non-minoritized students
[33]. They suggested that future research should identify classroom policies or instructor peda-
gogical practices that might be related to such racial opportunity gaps. As such, the current
research expands this work by connecting syllabi characteristics and equity within STEM class-
rooms. While the syllabus is a representation of classroom practices and policies and not a
direct measure of them, it is a document that departments and schools can use to further
understand a faculty’s intention to create a learner-centered classroom environment. By ana-
lyzing whether specific syllabus characteristics are related to courses with more equitable stu-
dent outcomes, we can provide recommendations to instructors that have the potential to
create more inclusive classroom spaces. Further, this work can inform institutions of what
resources should be provided to instructors in regard to their syllabus in terms of faculty train-
ing to meaningfully leverage this course tool. Specifically, our research questions are as
follows:

1. To what extent is syllabi learner-centeredness related to opportunity gaps in STEM
courses?

2. Which specific syllabi characteristics are related to these opportunity gaps and to what
extent?

Methods

This study was approved by the University of California Irvine Institutional Review Board
(IRB #3269). Written consent was obtained; however, the data was analyzed anonymously.

Study population and data collection

Our study population encompassed lower division STEM courses taught between Fall
2015-Winter 2020 at a research-intensive, minority-serving (a US designation for colleges and
universities with a significant population of students that come from a minoritized population)
west coast university in the United States. The specific course-instructor pairs were
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Table 1. Course-instructor pair sample by opportunity gap size.

Opportunity Gap Identified (n) Responded (n) Response Rate (%)
Large 52 23 44
Small 58 27 46
Typical (Middle Range) 108 - -
Total Eligible for Study 110 50 45
Number of courses identified 218 - _

Note. Course-instructor pairs that were identified as lower division STEM courses taught within the sample period that were taught by a given instructor at least three
times. Identified refers to the resulting sample while responded refers to the instructors who provided syllabi after being contacted by email. The large opportunity gap
group was the 25th percentile while the small opportunity gap group represented the 75th percentile.

https://doi.org/10.1371/journal.pone.0301331.t001

determined by first identifying instructors who taught the same lower division STEM course
at least three times during the study period. This was done in consideration of the variation in
opportunity gap (the difference in the course grade on a 4.0 scale received by minoritized and
non-minoritized students) size for each course-instructor pairing. The opportunity gap is
denoted as AGP;;, where i represents the course section (i = 1,...,n;) and j represents the sylla-
bus for each course-instructor pair. The average grade point difference for the jth syllabus is
denoted by AGP o

In total, 218 course-instructor pairs were identified (Table 1), with 52 classified as large
opportunity gap courses (25th percentile of AGP]. and 58 as small opportunity gap courses
(75th percentile of AGPJ.). We conducted a case-control study with syllabi in the large opportu-
nity gap group designated as cases and syllabi in the small opportunity gap group as controls.
The large opportunity gap courses had a mean gap of nearly 0.60 GPA points, which is roughly
the difference between a C+ and a C- grade awarded to non-minoritized and minoritized stu-
dents, respectively. The small opportunity gap courses had a mean gap of only 0.17 GPA
points. The distribution of the opportunity gaps can be seen in supplemental S1 Fig in S1 File.
In our sample, the average opportunity gap was -0.36 with a standard deviation of 0.23
(Table 2).

Course syllabi were requested via email (including two follow-up emails to non-respon-
dents) from the instructors that fell in the case and control populations identified above. This
request included the study information sheet. While these instructors were identified as having
taught that particular course at least three times, we requested the most recent syllabus from
the instructor. Even though we acknowledge that the syllabi may have varied amongst the dif-
ferent iterations of the course taught by a particular instructor, syllabi in general tend to be
fairly static tools [34, 35]. We received responses from 50 instructors (a 45% participation rate;
44% participation for the course-instructor pairs with large opportunity gaps and 46% for the
course-instructor pairs with small opportunity gaps). The instructors that responded were rep-
resentative of the population in terms of the distribution of the opportunity gaps. The syllabi
were stripped of any identifying names, emails, and course numbers to decrease bias in coding.
Descriptive statistics for the two groups are in Table 2.

Measures (rubric for evaluation)

We used a modified version of Cullen and Harris’s [22] rubric to code the collected syllabi.
Cullen and Harris’s [22] rubric is a seminal work on syllabus design. The rubric has been used
by Richmond et al. [28] and has been tested for reliability and validity. There are 13 items
included in the rubric: (1) Accessibility of Teacher, (2) Learning Rationale, (3) Collaboration,
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Table 2. Descriptive statistics for the course-instructor pairs that fell in the large and small opportunity gap groups.

Group

Large Opportunity Gap
Opportunity Gap
Size -0.59 (0.06)
Instructor Type
Tenure-track teaching faculty 2 (9%)
Non-tenure track teaching faculty 11 (48%)
Tenure-track research faculty 10 (43%)
Discipline
Biological Sciences 2 (9%)
Engineering 3 (13%)
Information and Computer Science 4 (17%)
Physical Sciences 14 (61%)
Number of students
Black, Latino/a/x, Pacific Islanders or people indigenous to the US and its territories 59 (35)
White or Asian 121 (71)
Total 180 (105)
Minoritized student representation (%) 33 (5)
Number of times the course was taught by instructor 6 (3)
Total 23

Small Opportunity Gap

-0.17 (0.12)

3 (11%)
3 (11%)
21 (78%)

2 (7%)

11 (41%)
5 (19%)
9 (33%)

42 (26)
93 (61)
135 (85)
32(7)
4(2)
27

Note. The number and percent are presented for categorical variables and the mean and standard deviation are for quantitative variables.

https://doi.org/10.1371/journal.pone.0301331.t002

Total

-0.36 (0.23)

5 (10%)
14 (28%)
31 (62%)

4 (8%)
14 (28%)
9 (18%)
23 (46%)

50 (32)
106 (67)
156 (96)
32 (6)
5(3)
50

(4) Teacher’s Role, (5) Student’s Role, (6) Outside Resources, (7) Syllabus Tone, (8) Syllabus
Focus, (9) Grades, (10) Feedback Mechanism, (11) Evaluation, (12) Learning Outcomes, and
(13) Revision/Redoing. The detailed rubric item descriptions are provided in supplementary
materials (S1 Table in S1 File). These rubric items are categorized under three factors (S1
Table in S1 File): (1) Community, (2) Power and Control, and (3) Evaluation/Assessment.
According to Cullen and Harris [22], Community is the average of rubric items 1-3 and mea-
sures the degree to which the syllabus fosters a collaborative environment and creates a sense
of relevance for the students to the learning environment. This occurs through the develop-
ment of trust by offering purposive activities to achieve course objectives. Power and Control is
the average of rubric items 4-8 and shows the amount of choice and autonomy provided to
the students, thereby providing them with responsibility for their learning and a sense of
shared power regarding classroom policies and procedures. Finally, Evaluation/Assessment is
the average of rubric items 9-13 and reflects the integration of ongoing feedback into the
course for students’ self-evaluation and instructor’s assessment as to whether the class has

achieved the desirable learning outcomes [22].

Syllabus Tone and Syllabus Length (total number of pages) was added to the rubric as well
as “teacher-centered” versus “learner-centered” terminologies following Richmond et al. [28].
We acknowledge that the level of teacher-centeredness or learner-centeredness is a spectrum
not a binary. That is why our modified rubric is on a 5-point scale (0 to 4) with 0 representing
the least learner-centered and 4 representing the most (versus the original 4-point scale, 1-4).

We added a category for missing information in a syllabus and assigned a score of zero for that

item. Cullen and Harris’s [22] rubric is designed to measure learner-centeredness; therefore,
an absence of a learner-centered rubric item indicates the instructor places no value on it in

the context of the syllabus.
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The supplementary materials include the correlation matrix for the rubric items and factors
(S2 Table in S1 File). We used the irr package and Itm package in R to compute the interrater
reliability and Cronbach’s alpha values [36, 37]. The Cronbach’s alpha is given by:

P g2
o= p 1_ i=1 "y ,
1-p a2

where p is the number of items o7 is the variance of the observed total test scores, and ¢},

is the variance of the ith item. The Bootstrap confidence interval is calculated by taking
B = 1000 samples with replacement from the data, calculating the Cronbach’s alpha for each
Bootstrap sample, and computing the 2.5th and 97.5th quantiles of the estimated Cronbach’s
alpha to obtain the 95% Bootstrap confidence interval for the true value of Cronbach’s alpha.
The Cronbach’s alpha for the 13 rubric items was acceptable (a = 0.750) with a bootstrap 95%
confidence interval based on 1000 samples of (0.544, 0.849). For the 3 rubric factors, Cron-
bach’s alpha was 0.775 with a bootstrap 95% confidence interval based on 1000 samples (0.587,
0.877).

Syllabus coding

Twenty percent of our study syllabi were reviewed by the entire research team during the ini-
tial calibration of the rubric. Training took approximately 3 hours until 100% consensus was
achieved. Two members of our research group then evaluated the remaining syllabi (M.E and
J.S). The raters scored the syllabi in sets of 10, after which they met to calculate the interrater
reliability, go over scoring to reach consensus, and discuss the items in the rubric that brought
about high levels of disagreement to refine the rubric guidelines and improve accuracy in scor-
ing. There were only three instances in which the two raters were not able to reach consensus
on an item in the rubric. A third rater was asked to evaluate that particular item to resolve the
disagreement and reach consensus. Initially, Cohen’s weighted kappa for interrater reliability
(IRR) ranged between 0.49 and 0.88 for each rubric item with an average IRR of 0.71. How-
ever, after reaching consensus the weighted kappa for interrater reliability increased to
between 0.76 and 0.99 for the individual rubric items with an average IRR of 0.90—achieving
substantial agreement [38].

Statistical analyses

We conducted a case-control study to assess the association between syllabus components and
the risk of having large opportunity gaps compared to small ones. To address research ques-
tion 1, we tested if there was a difference between the overall rubric scores and the size of the
opportunity gaps; we compared the median rubric score for the two groups using a 2-sample
test of medians. To address research question 2, we present evidence of syllabus items, syllabus
factors, and the syllabus length that correlate with small opportunity gaps using logistic regres-
sion. We modeled the odds of a syllabus being in the small opportunity gap group (compared
to a large opportunity gap group). We fit a logistic regression model using the stats [39] and
MASS package in R [40]. The assumption of the logistic regression model is that there is a lin-
ear relationship between the predictor variables and the log-odds of the event that the syllabus
is part of the small opportunity gap group. Assuming we have a sample of n independent
observations, (x;, y;), we obtain estimates for ' = (B,. . .,B1). Let Y be whether or not the sylla-
bus was part of the small opportunity gap group and the probability that the syllabus was part
of the small opportunity gap group be p = P(Y = 1) and let x* = (x,,. . .,x;) be the k predictors in
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the model, which is given by:

log (1’%1,) = B+ Bix + -+ B,

In order to understand the relationship between syllabus items, syllabus factors, and sylla-
bus length, we conducted a three-stage analysis. In the first stage, we built a logistic regression
model where we include all rubric items and the syllabus length as the covariates. The second
stage involved building a model where we include all rubric factors and the syllabus length as
the covariates. In the final stage, we performed best subsets logistic regression using the
bestglm package in R [41] where we minimized the Akaike Information Criteria (AIC) to
choose the best fitting logistic regression model. This procedure is done in two steps. In the
first step, we use all possible subsets of covariates (syllabus items and syllabus length) and then
we calculate the corresponding AIC for each model. In the second step, we carried out best
subsets logistic regression using the syllabus items from the first stage and the syllabus factors
to obtain the final model. We compare our final model to the results of a stepwise logistic
regression for the syllabus items, syllabus factors, and syllabus length. When interpreting
regression coefficients from the logistic regression model, one must first exponentiate the coef-
ficients to obtain an estimate for the odds ratio. If we compare two groups of syllabi, with one
group having 1-point higher score (more learner-centered) on a particular syllabus item the
estimated odds ratio is the increase in the likelihood of the syllabus being from a course with
small opportunity gaps.

Results

Research question 1: To what extent is syllabi learner-centeredness related
to opportunity gaps in STEM courses?

We compared the syllabi rubric scores between the small and large opportunity gap course-
instructor groups. Fig 1 shows that the total rubric score is significantly higher (more learner-
centered) for the syllabi from the small opportunity gap group (4,,,cgians = —3.00, p = 0.037). In
other words, the course-instructor pairs with small opportunity gaps tend to have more
learner-centered syllabi.

Research question 2: Which specific syllabi characteristics are related to
these opportunity gaps and to what extent?

The summary statistics (mean, median, interquartile range (IQR), and standard deviation) of
the thirteen individual rubric items, three factors, and syllabus length for syllabi from course-
instructor pairs with large and small opportunity gaps are presented in S3 Table in S1 File.

Table 3 is the result of the first stage of our analytic process which predicts the log odds of a
syllabus coming from the small opportunity gap group modeled on the 13 syllabus items.
When considering all of the individual rubric items at once, none are significant in predicting
which syllabi come from the small opportunity gap group.

Table 4 presents the results of the second stage of our analysis, the logistic regression model
that predicts the log odds of a syllabus coming from the small opportunity gap group based on
the three rubric factors and the syllabus length. This model shows Power and Control is a sig-
nificant predictor of a syllabus coming from a course-instructor pair from the small opportu-
nity gap group; increasing the average Power and Control to be more learner-centered by 1
point is associated with 19.62 times increase in the odds of being in the small opportunity gap

group.
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Fig 1. Boxplot comparing learner-centered rubric scores of the small opportunity gap group and the large
opportunity gap group. Note. The above boxplot displays the distribution of the rubric scores assigned to the course
syllabi in both the large (n = 23, 46% of the courses) and small (n = 27, 54% of the courses) opportunity gap groups.
Each boxplot contains the minimum, 25th percentile, 50th percentile (median), 75th percentile, and maximum.
Outliers are denoted with an open circle and when outliers are present, the whisker reaches to the next value that is not
an outlier. The box represents the middle 50% of the data and spans the interquartile range (IQR). The IQR is defined
to be the difference between the 75th percentile and the 25th percentile.

https://doi.org/10.1371/journal.pone.0301331.g001

The final stage of our analysis was running the best subsets logistic regressions in two steps
and choosing the models with the lowest AIC. The top 5 models for each step (regressing the
log odds of being in the small opportunity gap group on the subset of covariates) can be found
in the supplementary materials (S4 Table in S1 File) along with the full description of the best
subsets regression procedure. After executing the first step of the best subsets procedure, the
model with the lowest AIC has Learning Rationale, Students Role, Outside Resources, and Syl-
labus Focus included as covariates and is presented in supplemental S5 Table in S1 File. Out
of all the rubric items, the most significant predictors of the odds of the syllabus being in the
small opportunity gap group are Learning Rationale, Student’s Role, Outside Resources, and
Syllabus Focus. If we consider syllabi from course-instructor pairs with the same rubric scores
for Student’s Role, Outside Resources, and Syllabus Focus, increasing the Learning Rationale
is associated with a decrease in the odds of having a small opportunity gap. While only margin-
ally significant (at the o = 0.10 level), an increase in each of the rubric scores for Students’
Role, Outside Resources, and Syllabus Focus to be more learner-centered is associated with
greater odds of having a syllabus being in the small opportunity gap group. Students’ Role,
Outside Resources, and Syllabus Focus are all components of the Power and Control rubric
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Table 3. Model 1. Logistic regression with syllabus items and syllabus length as covariates.

Exponentiated Coefficients 95% Confidence Interval for the Odds Ratio Test Statistic p-value
(Intercept) 0.31 (-0.52, 0.6) -0.52 0.6008
Accessibility of Teacher 0.95 (-0.13,0.89) -0.13 0.8937
Learning Rationale 0.17 (-1.69, 0.09) -1.69 0.0918
Collaboration 0.80 (-0.75, 0.46) -0.75 0.4552
Teacher’s Role 1.11 (0.14, 0.89) 0.14 0.8885
Student’s Role 2.54 (1.59,0.11) 1.59 0.1126
Outside Resources 2.14 (1.5,0.13) 1.50 0.133
Syllabus Tone 1.59 (0.73, 0.46) 0.73 0.4641
Syllabus Focus 2.89 (1.45,0.15) 1.45 0.1476
Grades 0.38 (-0.99, 0.32) -0.99 0.3217
Feedback Mechanisms 1.06 (0.1, 0.92) 0.10 0.9231
Evaluation 1.46 (0.47, 0.64) 0.47 0.6399
Learning Outcomes 0.79 (-0.46, 0.65) -0.46 0.6463
Revision/Redoing 1.68 (1.04,0.3) 1.04 0.2968
Syllabus Length 1.00 (-0.01, 0.99) -0.01 0.9914
AIC=79.71

Note. The coefficients represent the increase/decrease in the odds of being in the small opportunity gap group for each of the 13 rubric items and syllabus length as
model 1 variables while holding the other variables constant. We used AIC to choose the best model (lowest AIC).

https://doi.org/10.1371/journal.pone.0301331.t003

factor which we previously saw from Table 4 to be a significant predictor of the odds of being
in the small opportunity gap group. We also note that a stepwise logistic regression yields the
same model as the one found in supplemental materials S5 Table in S1 File.

The final model (the result of step 2 of the best subsets) which is the model with the lowest
AIC is presented in Table 5. It has two covariates (1) Learning Rationale, and (2) Power and
Control. Increasing Learning Rationale, while holding Power and Control constant is associ-
ated with a decrease in the odds of being in the small opportunity gap group. If Learning Ratio-
nale remains unchanged, but Power and Control is increased, there is a 75% increase in the
odds of being in the small opportunity gap group.

Discussion

While considerable work is being undertaken to examine how to create more learner-centered
STEM classroom spaces to address their reputation for having “chilly climates”, course syllabi
have yet to be a significant part of this discussion. Previous studies have examined the extent

Table 4. Model 2. Logistic regression with syllabus factors and syllabus length as covariates.

Exponentiated Coefficients 95% Confidence Interval for the Odds Ratio Test Statistic p-value
(Intercept) 0.04 (0,1.22) -1.85 0.0645
Community 0.50 (0.16, 1.55) -1.21 0.2266
Power and Control 19.62 (2.36, 162.83) 2.76 0.0058 *
Evaluation and Assessment 0.98 (0.15, 6.58) -0.02 0.9822
Syllabus Length 0.85 (0.65,1.11) -1.23 0.2198
AIC = 67.64

Note. The coefficients represent the odds of being in the small opportunity gap group for each of the 3 rubric factors and syllabus length while holding the other
variables constant. We used AIC to choose the best model (lowest AIC).

https://doi.org/10.1371/journal.pone.0301331.t004
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Table 5. Model 4: The logistic regression with the lowest AIC when considering the syllabus items from Model 3 (Learning Rationale, Student’s Role, Outside
Resources, and Syllabus Focus), three syllabus factors and syllabus length.

Exponentiated Coefficients

(Intercept) 0.17
Learning Rationale 0.19
Power and Control 1.75
AIC=59.75

95% Confidence Interval for the Odds Ratio Test Statistic p-value
(0.01, 3.45) -1.15 0.2492
(0.05, 0.80) -2.28 0.0229 *
(1.20, 2.54) 2.94 0.0033

Note. The coefficients represent the odds of being in the small opportunity gap group. The final model includes one syllabus item (Learning Rationale) and one syllabus
factor (Power and Control). We used AIC to choose the best model (lowest AIC).

https://doi.org/10.1371/journal.pone.0301331.t005

to which a syllabus can be learner-centered [22, 28] as well as the positive impacts of learner-
centered pedagogy on minoritized students in reducing opportunity gaps [14]. The current
study complements these efforts by confirming a relationship between the learner-centered-
ness of a course syllabus and the size of the opportunity gap (Fig 1).

In addition to examining the extent to which syllabus learner-centeredness is related to
opportunity gaps, we investigated which rubric components have the strongest relationship
with course opportunity gaps. The Power and Control factor (composed of Teacher’s Role, Stu-
dents’ Role, Outside Resources, Syllabus Tone, Syllabus Focus rubric items) showed significant
association with course-instructor pairs with small opportunity gaps (Table 5). Further inves-
tigation showed that Student’s Role, Outside Resources, and Syllabus Focus (three out of five
items under Power and Control) are mainly responsible for this finding. Higher scores for
Power and Control represent syllabi that exhibit higher student responsibility when it comes to
learning and generating knowledge, more use of outside resources for learning outside the
classroom with independent investigation, and less focus on policies and procedures as
opposed to course objectives and learning outcomes.

These findings are in alignment with previous work that explores student and instructor
perspectives and behaviors within a course. Recent research on the effectiveness of resources
in engineering college classes shows that students find textbooks to be the least effective
resource provided to them because of textbooks’ complexity and formality which makes them
less accessible [42]; however, external resources such as educational websites or material gener-
ated by the instructor are considered more useful [42]. Similarly, our data showed that syllabi
that provided resources other than the textbook were slightly associated with course-instructor
pairs with small opportunity gaps. Providing additional resources may emphasize students’
responsibility for their learning and increase students’ role in acquiring knowledge. In a
learner-centered class, students are actively involved in the process of learning instead of a
one-way transfer of information from the instructor to student [18]. Our findings suggest that
syllabi (as a proxy for their corresponding courses) that require students to play a more signifi-
cant role in advancing their learning can increase the odds of having small opportunity gaps
compared to syllabi (and by proxy their corresponding courses) that do not. These findings
support the importance of highlighting an increased students’ role in STEM course syllabi.

Research also suggests that syllabi that focus on course rules instead of student learning can
be perceived negatively by students, signaling “an adversarial relationship between instructors
and students” [30 p. 19]. Syllabi that sound “authoritative and rule-infested” may indicate a
lack of shared power in the classroom and lead students to have an unfavorable perception of
the course and instructor [26 p. 37], negatively impacting student engagement [30] and suc-
cess, especially for minoritized students [32]. In contrast, syllabi that focus more on learning
goals and outcomes and empower students by including them in decision making, giving
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them more choice, and sharing power in the learning community promote a shift towards
learner-centeredness [18, 30]. Similarly, in our current work, Syllabus Focus, which character-
izes the degree to which syllabi focus on student learning, marginally correlates with the odds
of courses having small opportunity gaps.

Another rubric item related to course outcome gap size was Learning Rationale, which
describes the degree to which assignments, activities, policies and procedures are connected to
the course learning outcomes. Surprisingly, a higher Learning Rationale correlated with larger
opportunity gaps. This might be related to the instructor’s perception of students and the need
for a detailed Learning Rationale. If the syllabus is written with the assumption that students
do not bring any previous knowledge, skills, or individual experiences to class and have no
driving motivators, the inclusion of an extensive Learning Rationale in the syllabus might be
needed to compensate for these deficiencies. This may limit students’ agency and choice.
According to Deci et al., “a rationale that is personally meaningful to the target person can aid
him or her in understanding why self-regulation of the activity would have personal utility”
[43 p. 124]. It seems logical that providing a rationale for learning without changing the
dynamic of power and control in a classroom may prevent this “personally meaningful” con-
nection to the course, negatively impacting the student experience. Therefore, instructors can-
not rationalize why it is important to learn a particular topic in a vacuum but must provide
opportunities for students to bring in their own experiences as well in order to have a more
learner-centered environment.

Limitations and future directions

All the collected syllabi were from a single institution that enrolls nearly 30,000 undergradu-
ates, is classified as an R1-institution by the United States’ Carnegie Classification of Institutes
of Higher Education and is a US designated minority-serving institution. Thus, it is possible
that our findings are limited to course sections and syllabi found at similar institutions within
the US. However, as it enrolls a significant number (nearly 50%) of first-generation and low-
income students, this population may also represent enrollees in less-research intensive uni-
versities or two-year institutions as well [44], making our findings more generalizable across a
broader range of higher education institutions.

Our claims regarding the learner-centeredness of a course are also limited to the course syl-
labus and did not leverage any other data from the instructor, course, or students for this char-
acterization. This potentially includes classroom observation data, faculty survey or interview
data, or student survey or interview data, in order to capture the degree to which the practices
or environment was deemed to be learner-centered. We believe that our study establishes a
foundation upon which future work can directly capture instructor practices in the classroom
or student perspectives regarding their course experience to determine the degree to which
these data align with the course syllabus.

Our work also looks broadly across a variety of STEM courses and does not attempt to iden-
tify important syllabi characteristics in the context of specific STEM disciplines. We did this
intentionally, as this work is a starting point for future studies but must acknowledge that con-
siderable research has highlighted that the climate can vary widely between STEM fields in
terms of inclusion for women, minoritized students, or first-generation students [10, 45]. As a
result, future work with more intentional disciplinary representation will be necessary to
determine whether this is the case. From an institutional perspective, discipline or individual
specific findings could also help to create more targeted feedback or training to particular
departments or instructors. Similarly, while the basis of this work was on opportunity gaps
between students from minoritized and non-minoritized populations, examining the impacts
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of syllabi for students of other demographics groups, such as different genders, income status,
or first-generation status, will also complement this study.

Recommendations for administrators

The finding that syllabus learner-centeredness correlates with opportunity gaps has important
implications for institutions of higher education that are aiming to increase inclusivity in their
STEM programs. As opposed to work which focuses on “fixing” minoritized students [46, 47],
a syllabus is a hallmark of a specific course section, as is the course climate for which it serves
as a proxy. To help instructors create more learner-centered syllabi, it is vital that the appropri-
ate professional development mechanisms are available for support [48], in that, altering one’s
syllabus could serve as a gateway to reflect on one’s course policies and instructional practices
and potentially result in the creation of more learner-centered spaces. Institutions also must
reward faculty for the time dedicated to participating in these activities. It is well-known that
research-intensive institutions value research productivity over teaching-related activities, and
that time spent on teaching is often discouraged [49, 50]. It has also been acknowledged that
the evaluation of teaching, particularly the reliance on student evaluations of teaching, often
fails to capture instructor effectiveness in promoting inclusive learning environments [51-53].
We propose that the steps taken in this work can be replicated for instructor merit and promo-
tion processes, and if scaffolded with the appropriate professional development activities, can
be a means by which an institution encourages and rewards its instructors for better support-
ing their students. The exercise of constructing more learner-centered syllabi may drive
instructors to become more reflective in their teaching, leading them to reconsider the peda-
gogical practices and policies that they implement in their courses.
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