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Introduction 

Low student success rates in introductory  math courses represent one of the most common and 

critical barriers to college graduation rates across the United States [1]. The causes of this 

problem are multifaceted and vary across institutions, but based on a wide range of national 

reports, math instructors often are not provided the training or resources necessary to best 

support student learning [2].  

 

Professional development for math instruction is most commonly focused on curriculum and 

technology tools to support instruction. A critical, yet often overlooked component of 

instructional practice, however, is supporting student motivation. In higher education, traditional 

lay models of learning often suggest that the instructor’s “job” is to provide content and the 

students’ “job” is to learn that content. Implicit in the job of learning is to be motivated to learn. 

Decades of research in psychology suggest that this view of motivation is inaccurate. Student 

motivation is influenced by one’s responses to the immediate learning environment; that is, 

learning contexts can be more or less motivating [3], [4]. Unfortunately, few higher education 

instructors learn about contemporary theories of motivation, the empirical literature of 

supporting evidence, or strategies for creating a more motivationally supportive learning 

environment (i.e., the science and practice of motivation). This is especially important in math 

where learning mindsets have been found to be important predictors of student success (e.g., [5] 

– [7]), and early math courses often thwart degree progress for a wide range of students.  

 

The Motivating Learners Course 

 

To address this gap in training, our team of motivation researchers and curriculum designers 

created the Motivating Learners Course. In this online professional development course, faculty 

learn how to create college courses that help students develop adaptive beliefs about themselves 

and the learning context (i.e., learning mindsets). In particular, they learn about three key 

learning mindsets—Growth Mindset, Purpose & Relevance, and Sense of Belonging (which we 

refer to as Mindset GPS)— and how learning mindsets are influenced by what we say and do as 

instructors. Then, faculty are provided opportunities to immediately apply what they are learning 

to create new materials for their courses that leverage these mindsets to promote equity while 

being customized to their courses, students, and teaching styles. 

 

Focus on Equity 

 

Much of the research on learning mindsets interventions, including much of the content covered 

in the Motivating Learners Course, focuses on strategies that are designed and have been shown 

to reduce equity gaps (e.g., [8] – [11]). Indeed, the Motivating Learners Course course begins 

with framing students' learning mindsets as adaptive responses to educational environments. 

That is, when students adopt a maladaptive mindset belief in a particular class, rather than 



 

“blaming the student” the Motivating Learners Course suggests that we must attend to the cues 

or signals in the learning environment through the student’s perspective to understand what 

shapes the student’s beliefs. By adopting a student-centric perspective, the Motivating Learners 

Course helps guide participants to think about how students’ backgrounds might shape their 

learned and current experiences in learning environments. The goal of improving equity is at the 

heart of the Motivating Learners Course approach, and this goal directs our focus on 

foundational math courses with historical equity gaps in this study. 

 

Study Overview 

 

We recruited 25 math instructors within a single department who taught foundational level math 

courses with historical equity gaps, as identified by the department, to participate in a version of 

the Motivating Learners Course that was tailored for math courses. We reasoned that if we can 

equip math instructors with the knowledge and tools for how to create course materials that 

support students to develop adaptive beliefs about learning and school, we will observe improved 

student outcomes in these math classes. Specifically, our study aimed to address two research 

questions: 

 

1. Do students taking classes from instructors who participated in the Motivating Learners 

Course perform better than those taking classes from instructors who did not participate 

in the Motivating Learners Course? 

2. Does the Motivating Learners Course help reduce equity gaps in student outcomes across 

math classes? 

 

Methods 

 

Participants 

 

We offered the Motivating Learners Course to a cohort of math faculty from a single department 

at a large Hispanic Serving (HSI) state university in California during the 2022-2023 academic 

year. Information about the Motivating Learners Course was distributed widely across the 

department and instructors volunteered to participate. For more information on the course, see 

the Appendix. 

 

We evaluated the effectiveness of the course using institutional data from 60 math instructors, 

including 25 who participated in the course and a group of 35 comparison instructors teaching 

matched courses in the same department who did not participate in the Motivating Learners 

Course. Math courses taught by faculty in our sample included College Algebra, Precalculus, 

Calculus 1, Calculus 2, and Statistics with Applications.  

 



 

Student Record Data 

 

We obtained student record data (n = 3,118) from 1,124 undergraduates enrolled in courses 

taught by a math instructor who participated in the Motivating Learners Course and 1,994 

students enrolled in a course from a comparison instructor. We also obtained data from an 

additional 90 students who were enrolled in more than one math course, though we did not use 

their data to avoid violating independence assumptions. For each student, we collected course 

grade, withdrawal status, cumulative GPA prior to the current semester, underrepresented 

minority status (i.e., Black, Hispanic, Native Hawaiian, and Filipino; URM), and Pell grant 

recipient status. Some students (n = 296) did not receive a course grade because they withdrew 

or were otherwise dropped from the course. 

 

Results 

 

Baseline Student Comparisons 

 

We conducted t-tests to assess potential baseline differences between students who had faculty 

participate in the Motivating Learners Course and students whose faculty did not participate in 

the Motivating Learners Course. As presented in Figure 1, the results indicated that instructors 

who participated in the course had a higher percentage of students with a historically 

marginalized racial or ethnic identity than instructors in the comparison group (60.8% v. 52.7%;, 

𝜒2(1) = 18.81, p < 0.001, h = 0.16). Instructors who participated in the course also had a higher 

percentage of Pell grant recipients than instructors in the comparison group (45.0% v. 41.9%), 

though this difference was not statistically significant, 𝜒2 (1) = 2.77, p = 0.096, h = 0.06. Finally, 

students with an instructor who participated in the course had a lower GPA entering the course 

(M = 2.92, SD = 0.74) than students with an instructor who did not participate in the course (M = 

3.06, SD = 0.65), t(3116), p < 0.001, d = 0.19. In summary, instructors who participated in the 

course were more likely to have students with a historically marginalized racial or ethnic 

identity, Pell grant recipient, and lower cumulative GPA compared to their colleagues who did 

not participate in the course.  

 

Effects of Participating in the Motivating Learners Course 

 

Results indicate that, overall, students taught by instructors who participated in the course earned 

significantly higher grades (M = 2.33, SD = 1.29, n = 990) than those whose instructors did not 

(M = 2.19, SD = 1. 32, n = 1832), t(2820) = 2.87, p = 0.004, d = 0.11. Further, students with 

instructors who participated in the course had higher pass rates (68.9%) than those whose 

instructors did not (64.9%), 𝜒2(1) = 4.93, p = 0.026, h = 0.09. See upper graph of Figure 2. 

 



 

This pattern of findings remained even after controlling for students’ cumulative GPA prior to 

beginning the target math class, as well as URM status and Pell grant recipient status (see Figure 

2). More specifically, in separate models, we regressed grades and pass/DFW on an indicator 

variable for course participation, cumulative GPA, URM status, Pell grant recipient status. The 

effect of participating in the course was significant in both models. In follow-up analyses, we 

allowed course participation, URM status, and Pell grant recipient status to interact. Though the 

effect of course participation remained significant, none of the interactions were significant. This 

indicates that, contrary to hypothesis 2, there was no evidence that participating in the 

Motivating Learners Course reduced classroom equity gaps.  

 

Propensity Score Matching 

 

There were baseline differences between faculty who participated in the course and comparison 

faculty in the proportion of URM students and students’ cumulative GPA prior to beginning the 

semester, as well as a non-significant trend for the proportion of Pell grant recipients. To account 

for these baseline differences, we estimated an average treatment effect (ATE) for course grade 

and pass rate using propensity score matching. All propensity score matching analyses were 

conducted using the MatchIt package [12] in R. Propensity scores were estimated using a logistic 

regression based on URM status, Pell grant recipient status, and cumulative GPA. One-to-one 

nearest neighbors was then used to match students, though URM status and Pell grant recipient 

status were matched exactly. Our final matched sample included 990 students in each of the 

groups (course participants and comparison faculty). The groups were well-balanced, with all 

standardized mean differences below .03 after matching. Cluster-robust variance was used to 

estimate the standard errors in subsequent regression analyses.  

 

To estimate the ATE of grades, we regressed grade on an indicator variable for course 

participation in a simple linear regression. Our results indicate that participating in the course 

had a significant effect on grades, ATE = 0.22, CI95% = [0.12, 0.32]. Similarly, to estimate the 

ATE of pass rates, we regressed pass/DFW on an indicator variable for course participation in a 

generalized linear regression using a logit link. As presented in the bottom graph of Figure 2, our 

results indicated that course participation also had a significant effect on pass rates, odds ratio = 

1.42. Alternatively, we can say that the probability a student passes the course, given their 

instructor participated in the course, is 76.4%, compared to a probability of 69.5% for students 

who did not have an instructor who participated in the course (h = 0.16).  

 

Discussion 

 

These findings demonstrate that a brief, intensive, online professional development course 

focused on equipping mathematics faculty with knowledge and tools to support student 

motivation can have downstream effects on student learning outcomes. Professional 



 

development for math instruction is most commonly focused on curriculum and technology tools 

to support instruction. This study demonstrates that attention to instructors’ knowledge and 

practices with respect to supporting student motivation can also be important for improving 

student outcomes overall and for reducing equity gaps.  

 

These findings illustrate the potential benefits of the Motivating Learners Course, but of course 

we do not assume that this is the only course that could produce such effects. Although few 

professional development courses focus on teaching lessons from motivation science and 

student-centered instruction, these aims could, in theory, be achieved through other courses.  

 

Future Directions 

Future research is needed to examine changes to instructor’s knowledge, attitudes, and 

instructional practices as a result of taking the course, and how these changes impact student 

learning outcomes. The theory and logic model guiding this work suggest that the Motivating 

Learners Course will improve student outcomes by influencing instructor knowledge, attitudes, 

and behaviors. In this study, we were only able to measure student outcomes, without direct 

measures of instructor knowledge, attitudes, and behaviors. This future work is important for 

establishing the process through which improvement occurs. Such an understanding can guide 

both the refinement of the Motivating Learners Course and future efforts to improve 

mathematics instruction.  

 

Conclusion 

Faculty often think of motivation as the students' responsibility.  Motivation science, however, 

provides substantial evidence that messages and cues within the learning environment influence 

student motivation. This study demonstrates that student outcomes in math can be improved by 

teaching faculty about this science of motivation and how to support student motivation through 

messages and instructional practices.  Supporting such evidence-based professional development 

can be an effective strategy for improving student outcomes overall and equity gaps in math.  
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Figure 1. Baseline differences in student demographics between math faculty who 

participated in the Motivating Learners Course (intervention) and a comparison group of 

math faculty who did not participate in the course (comparison). 

 

 
 

Note: Comparison = a matched comparison group of faculty who did not participate in the 

Motivating Learners Course. Intervention = faculty who participated in the Motivating Learners 

Course. 

 

  



 

Figure 2. Main effect of participating in the Motivating Learners Course on student course 

grades in mathematics. 

 

 
Note: Comparison = a matched comparison group of faculty who did not participate in the 

Motivating Learners Course. Intervention = faculty who participated in the Motivating Learners 

Course. 

 

 


