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In postsecondary education, Calculus has been historically recognized as a “gateway course” 
for students to pursuit STEM fields. Responding to this issue, researchers at Montclair State 
University designed a model of complementary instruction to engage Calculus I students in 
collaborative problem solving on groupworthy tasks. This multiple-case study seeks to address 
the question, “How do undergraduate students experience their calculus learning in the parallel 
spaces of coursework and inquiry-oriented complementary instruction?” The findings of Neil’s 
case study are presented here and include characterizations of the different forms of agentive 
participation afforded to students in the two spaces, as well as their complementary nature 
relative to learning calculus with understanding. Implications for dismantling the persistent 
barriers imposed by calculus on access to postsecondary STEM fields are also discussed.  
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Calculus has the track record of serving as a “gateway course” that contributes to 
postsecondary students abandoning their pursuit of a STEM career (Hagman et al., 2017). The 
calculus reform effort in the 1990s emphasized to include fewer topics and incorporate an active 
learning and teaching approach aiming to transform calculus education to be “lean and lively” 
(Johnson et al., 2014). Twenty years later, the President’s Council of Advisors on Science and 
Technology (2012) made a similar recommendation in order to provide students the time they 
need to develop robust understandings of mathematical concepts in order to succeed. Despite the 
continuing reform effort, the gate-keeping function of Calculus has hardly changed. 
Drawing on the Mathematical Association of America’s seven recommendations from the 

Insights and Recommendations (Bressoud et al., 2015), researchers at Montclair State University 
designed an inquiry-based complementary workshop, called Inquiry-Based Instructional Support 
(IBIS), facilitated by a peer leader (Roth et al., 2001) to run parallel to students’ in class learning. 
During IBIS, students work collaboratively in small groups on groupworthy tasks (Buell et al., 
2016) that are non-routine problems to promote conceptual understanding of calculus concepts. 
The literature on peer-led cooperative learning models in postsecondary education confirms 

their effectiveness on students’ academic achievement across different undergraduate 
mathematics courses (Altomare & Moreno-Gongora, 2018; Trenshaw et al., 2019). However, as 
the literature mainly focuses on evaluating the effectiveness using quantitative methods, there is 
a lack of insight into why, how, and what about peer-led cooperative learning models that 
contributes to these successful outcomes. Hence, this study seeks to address the question, How 
do undergraduate students experience their calculus learning in the parallel spaces of 
coursework and inquiry-oriented complementary instruction? 

Perspectives and Methods 
This exploratory (Yin, 2003) multiple-case study (Merriam, 1998) is grounded in a situated 

perspective (Lave & Wenger, 1991) leveraging the “learning as participation” aspect and utilized 
the concept of figured world (Holland et al., 1998) to examine the change in students’ agentive 
participation and their identity formation (Vågan, 2011). To answer the research question, all of 



the observation video recordings were transcribed and analyzed using the grounded theory 
analytical approach (Corbin & Strauss, 2014). To depict a summary overview of each case study 
participant’s enacted agentive participation in class and IBIS, a word cloud with agentive 
participation codes as clusters was created for each instructional space.  
The participants of this study consist of two cohorts of Calculus I undergraduate students 

whose IBIS attendance is a part of their course requirement. Each cohort has four participants 
from the same class and attended the same IBIS sessions. Video recordings and field notes were 
taken for all 24 classes, six workshops, and three focus group interviews (Creswell, 2012).  

Findings 
The table in Figure 1 shows the various forms of participation enacted in class and IBIS by 

both cohorts’ participants. These participation actions were organized into high, moderate, and 
nominal interactivity categories to describe students’ participatory interactions with others, 
material resources, or tasks. Next, Neil’s case (pseudonym) will illustrate how the participation 
codes and interactivity categories are used to characterize his participation in both spaces.  

 
Figure 1: A table of participation actions in class and IBIS for Cohorts A and B. 

 
Neil’s Participation Profile 

Neil was a private student both in class and IBIS. He spent most of his time in class 
taking notes and, in both spaces, working independently on the task at hand. Regarding the 
opportunities that the instructor provided for students to participate, Neil refrained from 
participating 323 times across 23 in-person class observations, for an average of about 14 times 
per class observation. The class and IBIS word clouds, in Figures 2A and 2B, provide a summary 



overview of Neil’s participation in both spaces. A comparison of his class and IBIS word clouds 
shows that his independent participation characteristics tended to be magnified in class. 

 

 
Figure 2: Neil’s class (A) and IBIS (B) participation word clouds 

Early in the course, Neil’s participation consisted almost exclusively of taking notes and 
working independently on problems posed by the instructor, and then waiting for the instructor or 
another student to provide a solution. Every so often, as Neil worked on problems independently 
in both spaces, he would reference a variety of resources, such as his notes and online resources. 
The size of the independent work cluster in Neil’s IBIS word cloud suggests that though he 

also tended to work independently in IBIS, groupwork in IBIS offered opportunities and space 
for him to be a more active and interactive participant. The biggest clusters in his class word 
cloud are participation actions with moderate interactions with tasks and material resources (e.g., 
note taking, independent work, accessing resources, and checking and revising). In contrast, 
some of the biggest clusters in his IBIS word cloud are participation actions that have moderate 
interactions with his peers (e.g., responding and seeking clarification, confirmation, and help). 
This suggests that more of his interactions in IBIS were with peers than with tasks and material 
resources. Moreover, as his IBIS word cloud also reveals, Neil was more likely to respond to his 
peers than to initiate interactions with them. He was also more likely to seek confirmation, 
clarification, and help from his peers than to enact the explainer role. The following excerpt 
illustrates some of these forms of participation from Neil during IBIS. In this excerpt, his group 
was discussing a composition function/chain rule problem, given the rates of change of profit per 
book sale, 𝑝′(𝑠), and book sales per month, 𝑠′(𝑡). 

 

Table 1: An excerpt of a Chain rule discussion in the third IBIS session. 

 



In this excerpt, Neil responds to Amelia’s (pseudonym) invitation by sharing his ideas about 
what to do for this problem (lines 2 and 6). Upon Rachel’s (pseudonym) further request for him 
to share his work with her (line 11), Neil explains the procedures he took to determine 𝑝’(𝑡) (line 
12). Even though Neil spent a lot of time in IBIS working independently, in contrast to his class 
participation, he was also a more active and interactive learner in that space by sharing with, 
explaining to, and seeking from his peers. As the semester progressed, there was some evolution 
in how Neil shared, explained, and what he sought from his peers in IBIS. 
Overall, even though note taking continued to be the dominant form of Neil’s participation 

throughout the semester, as the semester progressed, his participation in both spaces expanded 
from the predominantly nominal interactions of note taking and working independently to 
include both moderate and high interactions (e.g., seeking, explaining, and sharing). The next 
excerpt illustrates his participatory expansion trajectory in class from mid-semester. In this 
excerpt, the class was working on finding the derivative of 𝑓(𝑥) = +2𝑥! + sin"(5𝑥)!  posed by 
the instructor. Neil overheard Amelia expressing her confusion and took the initiative to check 
on her. 

Table 2: An excerpt of Neil checking in on Amelia in class. 

 
 

In this excerpt, Neil seeks clarification on what confused Amelia (line 2). Even when the 
instructor calls for the class’s attention to go over the problem (line 3), Neil and Amelia continue 
to carry on with their conversation. After Amelia clarifies her confusion (lines 4 and 8), he offers 
his explanation to help her resolve it (lines 5, 6, and 9). This excerpt is one of the examples that 
illustrates the evolution in the interactivity of Neil’s participation. As the semester progressed, 
Neil also enacted new kinds of responding, sharing, and seeking actions in both spaces. 

Discussion and Conclusion 
To summarize, this study found a range of agentive participation actions that were further 

categorized into high, moderate, and nominal interactivity categories based on the quality of 
their interactions with others, tasks, or material resources. These findings can inform and guide 
the design and implementation of parallel spaces of coursework and complementary instruction, 
particularly when the realities of coursework alone impose constraints that do not allow for 
adequate opportunities for high and moderately interactive participation. Specifically, these 
findings would be of value to postsecondary calculus educators and program directors who are 
committed to offering students the kinds of participatory experiences that are productive for their 
learning of calculus. That way, they can be more mindful in planning, structuring, and designing 
their calculus programs so as to dismantle the persistent barriers imposed by calculus on access 
to postsecondary STEM fields. 
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