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Plan for Presenta>on 

• Goals and Background of Study 

•  Project Phases 

•  Preliminary Results 



Goals of Study 

•  Iden>fy factors that contribute to success in 
college calculus 

•  Understand why and how these factors are 
leveraged in highly successful programs 



Success Defined 

“The most serious problem with current college calculus is 
not that students are inadequately prepared for the 
subsequent courses, but rather that they never take the 
subsequent courses” (Thompson et al., 2007).  

Success in Calculus I is determined by: 
•  comple>on of the course with an expected grade of C or 
higher  

•  and the inten0on to persist in the study of calculus at 
least into Calculus II before and a6er comple>on of 
Calculus 1 



Background 

•  College students enrolling calculus or above has 
decreased steadily from 8.93% in 1990 to 6.39% in 
1996 (Lutzer et al., 2007) 

•  Calculus I is a primary filter of students in 
undergraduate STEM programs across the na>on (e.g., 
Steen, 1997; Thompson et al., 2006) 

•  The paBern of losing students in calculus and STEM 
majors is a great cost to our na0on’s intellectual 
power and financial well being (Business Higher 
Educa>on Forum, 2007) 



Research Ques>ons 

• What are the primary variables that 
affect student success in calculus?  

• What ins>tu>onal, course, and instructor 
aBributes contribute to student success 
in calculus?   



Phases of Analyses 

•  Phase 1: Large na>onal survey 
•  Distributed online 
•  Four ins>tu>on types 

•  Phase 2: Explanatory case studies 
•  8 case studies 



Phase 1 
Large Na>onal Survey 

Community Colleges 

Phase 2 
Explanatory Case Studies 

Four Year Colleges 

Masters Gran>ng Ins>tu>ons 

PhD Gran>ng Ins>tu>ons 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 



Phase 1: Data Collec>on 

•  Five surveys were developed and disseminated: 
•  one course coordinator 

•  student pre‐term 
•  student post‐term 
•  instructor pre‐term 

•  Instructor post‐term  

•  Out of 521 contacted schools: 259 par0cipa0ng ins0tu0ons (50%) 

•  Student post‐term: A total of 6,598 responses were received, represen>ng 
54% of the students who responded to the pre‐term survey and 21% of the 
approximated number of students who were contacted. 

•  Instructor post‐term: A total of 531 post‐term instructors responded, 
represen>ng 78% percent of the 701 who responded to the pre‐term the 
survey, and 43% percent of the total instructors ini>ally contacted.  



•  The main issues:  
•  English as a second 
language 

•  concisely addressing 
diverse ins>tu>on types 

•  general lexical issues  
•  Constrained by: 
•  Survey Monkey 
•  Survey consistency 

Phase 1: Instrument Refinement 

•  The refinement process 
for these surveys 
included:  
•  pilot surveys for students 

and instructors at two large 
southwestern universi>es 

•  documents coordina>ng 
the five surveys 

•  weekly team conference 
calls 

•  emails with suggested 
amendments 



Example: Instrument Refinement 

•  Two English as a second language issues surfaced during instructor pilot: 

–  the double nega>ve when answering never: “I never was unable to 
make >me for students to understand difficult ideas.”  

–  the term “make >me.” “How can you make >me?” 



Phase 1: Major Taxonomy Dimensions 
   

Dependent Variables 
A. Course grade and inten>on to take Calculus II (with 4 subcategories) 
B.  Impact of Calculus I course on student (with 4 subcategories) 
C.  Student self‐percep>on of knowledge/skills in calculus 

Independent Variables 
A. Student Beliefs and Affect (with 5 subcategories) 
B. Perceived Behaviors and Values of the Calculus Instructor (with 4 

subcategories) 
C. The Role of Homework and Exams (with 4 subcategories) 
D. The Role and Behavior of the Student in Learning (with 6 

subcategories) 
E. Supports for Students (with 2 subcategories) 
F. Readiness for Calculus (Post‐survey) 



Select Dependent Variables:  
Course grade and inten>on to take Calculus 

II 
•  Student an>cipated course grade 
•  Present inten>on to take Calculus II 
•  Upon beginning the course, inten>on to take 
Calculus II 

•  Assuming a Calculus I course grade of A (B, C, less 
than C), likelihood of con>nuing to Calculus II 



Select Independent Variables: 
Perceived Behaviors and Values of the 

Calculus Instructor  
•  Wants students to understand the ideas of calculus 
•  Engages students in comple>ng meaningful tasks 
•  Seeks input to assess student understanding 
•  Listens to students when they speak 
•  Encourages students to make logical conjectures 
•  Makes ideas of calculus relevant 
•  Presses students for quality explana>ons 
•  Holds students accountable for staying on task 
•  Allows 0me for understanding difficult ideas 
•  Makes class interes0ng 
•  Makes sure there is closure aner working on challenging problems 
•  Supports students in becoming beOer problem solvers 
•  Provides explana0ons that are understandable 



Phase 2: Explanatory Case Studies 

• Goal: conduct explanatory case study 
analysis of exemplary programs in order 
to iden>fy why and how these programs 
succeed 

•  Structure: two explanatory case studies 
at each of the four types of ins0tu0ons 
for a total of eight case studies  



Phase 1 
Large Na>onal Survey 

Community Colleges 

Phase 2 
Explanatory Case Studies 

Four Year Colleges 

Masters Gran>ng Ins>tu>ons 

PhD Gran>ng Ins>tu>ons 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 

Informa>ve 
Inves>ga>on of two 
successful programs 



Phase 2: Logic Model 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Figure 1. Phase 2 Logic Model 

instruction in the United States through dissemination of the knowledge of which factors are most 

influential and by producing knowledge in the form of case studies that provide information about 

successful approaches that exemplify best practice based on the factors that were revealed to be critical 

for student success. The data from this study will be made available through publications, meetings, and 

conferences of the MAA. The results of the case studies will be produced in a format that is suitable for 

broad dissemination within the communities of mathematicians and science and engineering educators. 

They will also be published as an MAA volume, comparable to Models that Work (Tucker, 1995), but 

focused on calculus instruction. The insights that are gleaned from the quantitative study, the analysis of 

the case study data, and the resulting theoretical framework will be incorporated into the curricular 

recommendations of the MAA Committee on the Undergraduate Program in Mathematics (CUPM). 

II. Background Literature 

The call for change. As documented by Ganter (2001), there has been a long history of efforts to 

improve calculus instruction. As Tobias (1992) and Seymour and Hewitt (1997) have documented, poor 

teaching in undergraduate STEM classes is a prime cause of loss of STEM majors, and no other 

undergraduate STEM course is as effective a filter as Calculus I (Steen, 1987). In the late 1980s and 

early ‘90s, NSF moved resources into curricular reform in calculus and the National Research Council 

(1991) issued its challenge to “revitalize undergraduate mathematics.” The response included the 

development of curricula intended to be more relevant and coherent, leading to an increased emphasis on 

developing student understanding of fundamental concepts, e.g., Ostebee & Zorn (1997), Harvard 

Calculus (Hughes Hallet & Gleason, 1994), and C4L (Dubinsky, Schwingendorf, & Mathews, 1994). 

Unfortunately, there was insufficient evidence of the efficacy of these programs to create the systemic 

changes that were needed. The most comprehensive study of the effect in calculus of the use of writing, 

discovery learning, multiple representations of concepts, and cooperative learning is the meta-analysis by 

Ganter (2001) of the studies done on the Calculus Reform curricula. Ganter identified four positive 

outcomes:  better conceptual understanding, higher scores on common exams, higher retention rates, and 

higher levels of confidence and involvement in mathematics. However, these results were based on 

small-scale studies undertaken at targeted institutions, and there was no quantification of the effect size. 

Those who had been energized by these reforms during the 1990s found resistance to widespread 

adoption. The past decade has seen many of these reforms rolled back (Bressoud, 2007; Lutzer et al., 

2007). 
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Phase 2: Case Study Teams 

•  Community college Team 
•  Sean Larsen (math ed researcher), John Caughman 
(mathema>cian), graduate student 

•  Four‐year college Team 
•  Eric Hsu (math ed researcher), Arek Goetz (mathema>cian), 
graduate student 

•  Masters degree gran@ng ins@tu@on Team 
•  Chris Rasmussen (math ed researcher), Samuel Shen 
(mathema>cian), graduate student 

•  PhD gran@ng ins@tu@on Team 
•  Marilyn Carlson (math ed researcher), Wayne Raskind 
(mathema>cian), graduate student 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Figure 1. Phase 2 Logic Model 

instruction in the United States through dissemination of the knowledge of which factors are most 

influential and by producing knowledge in the form of case studies that provide information about 

successful approaches that exemplify best practice based on the factors that were revealed to be critical 

for student success. The data from this study will be made available through publications, meetings, and 

conferences of the MAA. The results of the case studies will be produced in a format that is suitable for 

broad dissemination within the communities of mathematicians and science and engineering educators. 

They will also be published as an MAA volume, comparable to Models that Work (Tucker, 1995), but 

focused on calculus instruction. The insights that are gleaned from the quantitative study, the analysis of 

the case study data, and the resulting theoretical framework will be incorporated into the curricular 

recommendations of the MAA Committee on the Undergraduate Program in Mathematics (CUPM). 

II. Background Literature 

The call for change. As documented by Ganter (2001), there has been a long history of efforts to 

improve calculus instruction. As Tobias (1992) and Seymour and Hewitt (1997) have documented, poor 

teaching in undergraduate STEM classes is a prime cause of loss of STEM majors, and no other 

undergraduate STEM course is as effective a filter as Calculus I (Steen, 1987). In the late 1980s and 

early ‘90s, NSF moved resources into curricular reform in calculus and the National Research Council 

(1991) issued its challenge to “revitalize undergraduate mathematics.” The response included the 

development of curricula intended to be more relevant and coherent, leading to an increased emphasis on 

developing student understanding of fundamental concepts, e.g., Ostebee & Zorn (1997), Harvard 

Calculus (Hughes Hallet & Gleason, 1994), and C4L (Dubinsky, Schwingendorf, & Mathews, 1994). 

Unfortunately, there was insufficient evidence of the efficacy of these programs to create the systemic 

changes that were needed. The most comprehensive study of the effect in calculus of the use of writing, 

discovery learning, multiple representations of concepts, and cooperative learning is the meta-analysis by 

Ganter (2001) of the studies done on the Calculus Reform curricula. Ganter identified four positive 

outcomes:  better conceptual understanding, higher scores on common exams, higher retention rates, and 

higher levels of confidence and involvement in mathematics. However, these results were based on 

small-scale studies undertaken at targeted institutions, and there was no quantification of the effect size. 

Those who had been energized by these reforms during the 1990s found resistance to widespread 

adoption. The past decade has seen many of these reforms rolled back (Bressoud, 2007; Lutzer et al., 

2007). 
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Phase 2: Data Collec>on 

•  Documenta>on data 
•  memoranda and other 

communiqués 

•  Agendas 
•   announcements and minutes of 

mee>ngs 

•   administra>ve documents 

•  formal studies and evalua>ons 

•  Direct observa>on 

• Archival records 

•  past Calculus enrollment history 
•   number of sec>ons offered 

•  passing rates and sta>s>cal 
reports  

•  Interviews  
•  Semi structured group (students) 

•  Semi structured individual (key 
personnel) 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instruction in the United States through dissemination of the knowledge of which factors are most 

influential and by producing knowledge in the form of case studies that provide information about 

successful approaches that exemplify best practice based on the factors that were revealed to be critical 

for student success. The data from this study will be made available through publications, meetings, and 

conferences of the MAA. The results of the case studies will be produced in a format that is suitable for 

broad dissemination within the communities of mathematicians and science and engineering educators. 

They will also be published as an MAA volume, comparable to Models that Work (Tucker, 1995), but 

focused on calculus instruction. The insights that are gleaned from the quantitative study, the analysis of 

the case study data, and the resulting theoretical framework will be incorporated into the curricular 

recommendations of the MAA Committee on the Undergraduate Program in Mathematics (CUPM). 
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The call for change. As documented by Ganter (2001), there has been a long history of efforts to 

improve calculus instruction. As Tobias (1992) and Seymour and Hewitt (1997) have documented, poor 

teaching in undergraduate STEM classes is a prime cause of loss of STEM majors, and no other 

undergraduate STEM course is as effective a filter as Calculus I (Steen, 1987). In the late 1980s and 

early ‘90s, NSF moved resources into curricular reform in calculus and the National Research Council 

(1991) issued its challenge to “revitalize undergraduate mathematics.” The response included the 

development of curricula intended to be more relevant and coherent, leading to an increased emphasis on 

developing student understanding of fundamental concepts, e.g., Ostebee & Zorn (1997), Harvard 

Calculus (Hughes Hallet & Gleason, 1994), and C4L (Dubinsky, Schwingendorf, & Mathews, 1994). 

Unfortunately, there was insufficient evidence of the efficacy of these programs to create the systemic 

changes that were needed. The most comprehensive study of the effect in calculus of the use of writing, 

discovery learning, multiple representations of concepts, and cooperative learning is the meta-analysis by 

Ganter (2001) of the studies done on the Calculus Reform curricula. Ganter identified four positive 

outcomes:  better conceptual understanding, higher scores on common exams, higher retention rates, and 

higher levels of confidence and involvement in mathematics. However, these results were based on 

small-scale studies undertaken at targeted institutions, and there was no quantification of the effect size. 

Those who had been energized by these reforms during the 1990s found resistance to widespread 

adoption. The past decade has seen many of these reforms rolled back (Bressoud, 2007; Lutzer et al., 

2007). 
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Preliminary Results: Instructor pre‐term 



Preliminary Results: Student pre‐term 



Preliminary Results: Student pre‐term 



Preliminary Results: Student pre‐term 



Preliminary Results: Student pre‐term 



Preliminary Results: Student pre‐term 



The end. Thank you for listening. 

For more informa>on on the project, please contact: 

Marilyn Carlson 
mcarlson@exchange.asu.edu  

 Chris Rasmussen 
chrisraz@sciences.sdsu.edu  

 David Bressoud 
bressoud@macalester.edu  

 Michael Pearson  
pearson@maa.org  

This research is 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by the NSF under grant REC‐0910240. The views 
expressed do not necessarily reflect official posi0ons of the NSF.  


