
Establishing a New Standard of Care for STEM Calculus: 
Results from a Randomized Control Trial

Charity Watson

California Acceleration Project Webinar
March 8, 2024



Issues in University Calculus
• 300,000+ university students enroll in Calculus 1 nationwide
• Calculus I is a gatekeeper for STEM

• Students leave STEM majors due to introductory courses like Calculus
• Low pass rates and high attrition rates contribute to problem

• Deficiencies in algebra and precalculus skills adversely impact students in  calculus
• Students expected to use precalculus concepts to solve calculus problems
• Precalculus misconceptions can hinder this

• Calculus not only has effects on students’ decision to pursue STEM degrees, but also on their 
attitudes towards mathematics
• Attitudes linked to achievement, but also play a role in persistence
• Lack of confidence in math linked to attrition rates in STEM  

• Populations of interest
• Historically underrepresented racial/ethnic minorities
• Female-identified students
• Underclassmen
• STEM-intended majors
• “Underprepared” students



Motivation of Project
• Institutional calls

• Response to national and institutional calls for experiments in mathematics instruction
• Institution committed to establishing a culture of evidence-based and inclusive STEM instruction

• Student-centered instructional techniques
• Active learning approaches have recently been seen as an important strategy to address issues 

observed in calculus courses
• The effectiveness of active learning techniques have primarily focused on student achievement
• What impact does it have on other key factors in students’ achievement and persistence?



Florida International University

● Public, urban, R1 institution located in Miami
○ ~58K students (4th largest)
○ ~80% of students from historically 

underrepresented groups
○ Hispanic Serving Institution

● STEM Transformation Institute
○ Implement evidence-based practices
○ Increase the number of STEM 

professionals
○ Multiple change initiatives

■ FIU Teach
■ LA Program

● History of Calculus 1
○ Pass rates averaged around 52% (varied 

widely among sections)
○ Contributes to longer time to graduation



Modeling Practices in Calculus Curriculum

● Catalyzing Change in Calculus Project
○ NSF Funded, 5 year project

● Modeling Practices in Calculus (MPC) 
Curriculum
○ Developed at FIU
○ Student-centered, lecture-reduced 

environment
○ Incorporates use of LAs in class

● Emphasized during class time
○ Group work
○ Formative and immediate feedback
○ Correct and logical mathematical notation 

and representations
○ “Reactive” lecturing/whole-class 

discussions



Main Features of Curriculum

● Cooperative learning
○ Students in work in small groups to accomplish shared learning goals
○ Facilitating social aspects; especially communication of mathematical ideas

● Mathematical fluency
○ Carrying out methods flexibly, accurately, efficiently and appropriately
○ Emphasis on presenting logical and valid mathematical work

● Metacognition/Argumentation
○ Engaging in meaningful discourse; providing justifications and evaluating claims
○ Promoting mathematical argumentation can provide a deeper understanding
○ Students become generators of their own knowledge

● Culturally appropriate environment
○ Allowing students to construct their own understandings
○ Use of LAs as near-peers
○ Sharing ideas or solutions to class via whiteboards



Typical Day in an MPC Classroom



Description of Study
• Randomized Control Trial (RCT) design to assess the impact of MPC
• Fall 2018, Spring 2019, and Fall 2019 - 16 sections of MPC; 16 sections of Non-MPC

• Sections “matched” by schedule
• Students only knew day and time of class when registering

• Multiple measures of student outcomes
• Course outcomes
• Attitudes toward mathematics
• Precalculus proficiency

• Attitudes Towards Mathematics Inventory (Tapia & Marsh, 2004)
• Captures relevant dimensions of attitudes and reliable in college settings
• 40-item, likert-scale inventory
• Measures enjoyment, motivation, self-confidence, and value
• Administered at beginning and end of semester

• Precalculus Concept Assessment (Carlson, 2010)
• Valid and reliable measure of content knowledge related to concepts foundational to calculus
• 25-item, multiple-choice inventory
• Administered at beginning and end of semester
• Scored out of 25 points



Effect Sizes



Course Passing Rates

Improved pass rates and decreased drop rates in all semesters for MPC sections



Final Exam Results

● Students in MPC sections show higher scores on common exam questions (Total: p < 0.001)
● MPC sections performing significantly better on conceptual and applied calculus problems



Changes in Attitudes

● Student attitudes decreased in (almost) all subscales
● MPC sections’ negative impact significantly lower
● Differences in attitudes for post-test significant in self-confidence and enjoyment



Changes in Attitudes by Gender

● Post differences in female-identified students significant in most subscales
● Female-identified students show positive gains in self-confidence



Changes in Proficiency

● Observed significant gain in raw scores for MPC group; significant decrease in scores for non-MPC group
● Note: In unpaired data, the prescores are not significantly different (p = 0.5197)



Proficiency Gains by Key Demographics

• All subgroups showing positive, significant gains in MPC sections
• Initial low proficiency group showing largest gain
• Largest difference seen in the underclassmen group



Achievement in Calculus for Low Proficiency Students
Low 

Proficiency
(Score < 11) MPC Non-MPC Chi-Squared

Pass 72.0% 59.2% 3.57
p < 0.05

Fail 18.4% 28.2% 2.5235
p < 0.05

Drop 9.6% 12.6% 0.2639
ns

• MPC students coming in with low precalculus proficiency more likely to pass course
• Odds of passing course increased by 85% for MPC students (p = .0328)
• Initial low proficiency students in MPC passing at rates similar to the overall MPC group



What did we learn?
• Students in MPC are more likely to succeed in the course

• Less likely to drop the course; leads to higher retention rates for STEM majors
• MPC sections performing better on conceptual calculus problems
• Knowledge and skills may transfer to future math and STEM courses
• Classroom environment more effective for students who may not be as prepared for calculus and 

who have lower attitudes towards math
• Students in MPC are developing their precalculus proficiency

• Students in all key demographics are benefitting from the MPC curriculum; initial low proficiency 
especially

• Skills will continue to be important in other courses
• Could be providing a better environment for opportunities to develop skills

• Students in MPC showing gains (or smaller decreases) in attitudes
• Negative impact on attitudes in MPC sections significantly smaller
• Disruption to attitudes highlighted in terms of self-confidence  and enjoyment
• Gender equalizer in terms of confidence



Other observations along the way
• Group work works!

• LAs are a key element of this model

• Low stakes environment contributes to students’ willingness to participate

• Importance of messaging and student buy-in



What’s next?
• Transfer of skills/knowledge
• Graduation/persistence rates
• Faculty development
• Fidelity of implementation
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Mean of 
Differences

(POST - PRE)
Paired t-

test
Effect size

95% CI

Non-MPC
(n = 93) -1.043

t = -
2.5182
p < 0.05

d = -0.250
(-0.449, -0.051)

MPC
(n = 167) 1.515 t = 5.4227

p < 0.001
d = 0.363

(0.227, 0.499)


