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Previous studies emphasized the advantages of student-centered over instructor-centered 

teaching and learning of Calculus (Ely, 2021). In addition, collaborative group work in calculus 

classrooms has been shown beneficial to meaningful student engagement with calculus problems 

(Hitt & Dufour, 2021) and greater students' success compared to traditional classrooms (Code et 

al., 2014). Yet, some studies observed students' resistance to active learning (Tharayil et al., 

(2018). Thus, it is important to continue investigating students' perceptions of active learning 

environments in Calculus courses.   

This study was conducted at a four-year R1 university in the northeastern United States. 

Participants were students in a Calculus course, which runs in a large lecture (3 times a week) 

and recitation (twice a week) format. In Spring 2022, we introduced active learning into 

recitations and activities that focus on Scientific, Mathematical, and Metacognitive Processes 

(SMMPs). The students worked on SMMP activities in groups and presented their solutions in 

class. The recitation sections were facilitated by graduate teaching assistants and undergraduate 

learning assistants. At the end of the semester, we collected survey data on students' perceptions 

of their learning experiences in Calculus recitations. Data include surveys (n=150) with 7 Likert-

scale questions and 3 open questions. We also collected students' classroom work, related home 

assignments and test items on the topics of SMMPs. The current analysis focuses on Students' 

perceptions of the active learning environment structure of the recitations and how it affected 

their learning experiences.   

We found that 73% of the students indicated that communicating with their peers in the 

recitations helped them to clarify their mathematical thinking,  71% of the students stated that 

Calculus concepts became clearer after they heard explanations from other students in their 

group, 80% of the students stated that they would recommend group work for Calculus 

recitations to other students, and 72% of the students stated that they would like other courses to 

offer opportunities of group work. Student-written comments supported these results. One 

typical comment was: "I think that being in a group where we all have different levels of 

understanding or ways of understanding the class concept is helpful because it allows me to think 

through my thought process and explain it to my other group members."  

Our results show that most students perceive small collaborative group works to provide 

meaningful learning experiences for them. These results echo previous studies (e.g., Hitt & 

Dufour, 2021) and extend them by identifying students' justifications underlying their views of 

the benefits of group work in Calculus recitations to their learning. These results, along with the 

analysis of students' achievement contribute to the growing body of knowledge on reforming the 

teaching of Calculus.   
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Summary of Justifications
➢Groupwork improved students' articulation of their thoughts.

➢Groupwork helped students understanding of the content on a deeper level. 

Discussion
➢Our results show that most students perceive that small group work provides them with 

meaningful learning experiences.

➢These results echo previous studies (e.g., Hitt & Dufour, 2021) and extend them by 

identifying students' justifications underlying their views of the benefits of group work to 

their learning in Calculus recitations.

➢These results, along with the analysis of students' achievement, contribute to the growing 

body of knowledge on reforming the teaching of Calculus. 
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Background 
Previous studies emphasized the advantages of student-centered 

over instructor-centered teaching and learning of Calculus (Hitt & 

Dufour, 2021). In addition, collaborative group work in calculus 

classrooms has been shown to be beneficial to meaningful student 

engagement with calculus and lead to greater students' success 

compared to traditional classrooms (Code et al., 2014). Yet, some 

studies observed students' resistance to active learning (Tharayil et 

al., 2018). Thus, it is important to continue investigating students' 

perceptions of active learning environments in Calculus courses.

Aim of the Project   
We aim to support students meaningful learning experiences in 

Calculus via designing active learning environments. This 

study is focused on exploring students' perceptions of active 

learning environments in Calculus courses.

Research Question
How do students perceive purposefully designed active learning 

environments? 

Method 

Research Site: This research is conducted at a four-year R1 

university in the northeastern United States. Participants were 

students in a Calculus course, which runs in a large lecture (3 times 

a week) and recitation (twice a week) format. 

Data Collection and Participants: Data include 

surveys (n=150) with 7 Likert-scale questions and 3 open 

questions. Participants were undergraduate students enrolled first 

Calculus course at the university.

Design of the Study: We introduced active learning into 

recitations and activities that focus on Scientific, Mathematical, 

and Metacognitive Processes (SMMPs). The students worked on 

SMMP activities in groups and presented their solutions in class. 

The recitation sections were facilitated by graduate teaching 

assistants and undergraduate learning assistants. At the end of the 

semester, we collected survey data on students' perceptions of their 

learning experiences in Calculus recitations.
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Survey ResultsAn Example of SMMP Activity
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Design of Active Learning 

Environment 

SMMP Activities Topics 

Continuity 

Implicit Differentiation

Derivative of Logarithmic 

Functions

Optimization Problems

Graphing

Antiderivatives

Instructional Routines

Launch the Activity

Small Group Exploration 

Whole Class Discussion

Wrap-up/Closure

Small Group 

Exploration 

Whole Class 

Discussion 

72% of students stated that they would agree or strongly agree with the statement: “I would recommend 

group work at Calculus recitation to other students.” 

71% of students stated that they would agree or strongly agree with the statement: “ When I spoke up 

in the recitation, it helped me to clarify my thinking.” 

70% of students stated that they would agree or strongly agree with the statement:  “Ideas in this course 

become clear after I heard other students in my small group explain them.” 

73% of students stated that they would agree or strongly agree with the statement: “I would like other 

courses to have small group work available as an option.” 

Survey Results
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