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ABSTRACT 

At the university level and in STEM fields students drop out in part due to not being able 

to pass mathematics courses, particularly, Calculus I. According to the Mathematical Association 

of America (MAA), Calculus I occupies a unique position as a gateway course to STEM degrees. 

Almost all STEM majors need to take at least the first course in Calculus. Hence, there is the 

need to understand how to create successful Calculus courses, particularly in online settings. 

This study answers the call by studying the ways students engage with the mathematical content, 

each other and the course while learning about the concept of derivative. More precisely, the 

purpose of this research was to investigate the nature of students’ engagement experiences— 

behavioral, cognitive, and social dimensions—in an asynchronous online Calculus I course. To 

examine the nature of students’ engagement experiences, I conducted a phenomenological 

qualitative study combining data from students’ discussion posts, demographic survey responses, 

and interviews. I analyzed the data using three analytical lenses: Toulmin’s (1958/2003) 

argumentation model, Swan’s (2002) coding schema and social network analysis. Findings 

indicate that the cognitive demand of weekly tasks influences the patterns of cognitive 

engagement demonstrated through discussion posts. Additionally, two situations promoted more 

social engagement among students: grouping students for discussion posts and initial posts with 

evidence of social presence



1 

 

 

CHAPTER ONE 

THE PROBLEM 

Background of the Study 

Given its great and broad importance as well as utility in college education, Calculus I is 

a major topic in the field of mathematics education, and as such, a significant amount of research 

has been conducted to understand students’ experiences in Calculus I. There are many reasons 

why mathematics education researchers have studied Calculus I. Among the reasons is that 

Calculus I is considered by many as a gateway that students pursuing a STEM major must pass 

before they can complete their degree. Thus, mathematics education researchers often consider 

Calculus I as a class that filters students into or out of STEM fields. Despite continued efforts to 

improve teaching of Calculus I, many of the students leaving STEM majors cite ineffective 

teaching methods in introductory-level STEM courses (Hagman et al., 2017; Niemi 2002; 

Rasmussen & Ellis, 2013; Seymour 2006; Thompson et al., 2007). In the US, Calculus I was 

among the courses most often cited (Hunter et al., 2016).   

Aside from being a gate keeper course, Calculus concepts are vital in educating scientists, 

technologists, engineers, and mathematicians (Bressoud et al., 2013; Carlson & Oehrtman, 2005; 

Kinley, 2016; Roble, 2017; Sadler & Sonnert, 2017). Hence, students’ experiences learning 

calculus affect their performance and persistence in mathematics and STEM fields. 

Consequently, students’ performance in Calculus I determines their fate in STEM majors (Roble, 

2017; Sadler & Sonnert, 2017). Rasmussen and Ellis (2013) found that not actively engaging 

students in a Calculus class may lead them to switch out of calculus and subsequently move 
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away from STEM fields. Additionally, President Obama’s Council of Advisors on Science and 

Technology (2012) urged that “students who are engaged excel in STEM fields” (p. 3). Critical 

to reducing students’ attrition from STEM fields is investigating student engagement in the 

Calculus classroom.   

In addition to reporting a projected deficit of one million STEM graduates needed for US 

jobs, the PCAST (2012) report indicated that the number of students who obtain a STEM degree 

is skewed from the US population. More specifically, they reported that the minority group 

(Black, Hispanics, and American Indian) make up 36.3% of the US population, however, obtain 

only 19.7% of STEM degrees while the majority group (White and Asian) make up 61.3% of the 

population and earn 72.4% of STEM degrees. In this regard, a key component in making STEM 

fields accessible for all students is the need to provide further supports to underrepresented and 

underserved minority students. While students’ experiences in Calculus I impact all STEM 

intending students, they differentially impact underrepresented students. For instance, women 

with the same grades as their counterparts who are men are 1.5 times as likely to leave STEM 

disciplines following their experiences with Calculus I (Ellis et al., 2016). Thus, studying 

students’ engagement experiences in Calculus I plays an essential role in increasing individuals’ 

access to STEM fields. 

Middleton, Jansen, & Goldin (2017) define engagement in mathematics classrooms as 

“the in-the-moment relationship between someone and her immediate environment, including the 

tasks, internal states, and others with whom she interacts. Engagement manifests itself in an 

activity, including both observable behavior and mental activity involving attention, effort, 

cognition, and emotion” (p. 677). Thus, student engagement consists of four major components: 
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behavioral, emotional, cognitive, and social. Student engagement is essential for both persistence 

and learning at the classroom level. 

Student engagement is a predictor of student achievement and behavior in school 

irrespective of whether students come from socially or economically advantaged or 

disadvantaged families (Klem & Connell, 2004). In addition to being significant in contributing 

to achievement (Akey, 2006; Fredricks et al., 2004; Johnson, 2008; Joselowsky, 2007; Patrick et 

al., 2007; Shernoff & Schmidt, 2008; Shin et al., 2007), student engagement is fundamental for 

retention of students within the education system (Fredricks et al., 2004; Shin et al., 2007).  

Educators would generally agree that engaged students tend to perform better, which 

subsequently yields learning in the mathematics classroom. Numerous studies have shown that 

engagement is an important area for investigation (Finn & Voelkl, 1993; Klem & Connell, 

2004). Although many quantitative studies have been conducted on student engagement using 

student surveys, experience sampling methods, and self-reported scales of engagement (e.g., 

Shernoff et al., 2003), there is a need to provide a more in-depth description of engagement and 

its interaction with mathematics learning (Sullivan et al., 2006). 

Nearly four decades ago, A Nation at Risk (National Commission on Excellence in 

Education, 1983) pointed to many students who dropped out of high school classes, including 

mathematics courses. High dropout rates are a severe problem because of the individual 

psychological strain for the involved students and economic costs for society (Murnane, 2013). 

For nearly 30 years, researchers have attributed students’ dropping out of school to 

disengagement (Newmann et al., 1992; Rumberger & Larson, 1998). More recently, the concept 

of student engagement has gained popularity since efforts to increase engagement in school 
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could subsequently reduce high school dropout rates (Mastrorilli, 2016; NRC, 2004, Weiss et al., 

2010). Even though dropout rates have slightly decreased, the US still has one of the highest 

school dropout rates among developed countries (Herbert, 2006; Stark & Noel, 2015). At the 

university level, others found that more engaged students were less likely to drop out and more 

likely to persist in college (Kuh, 2009).   

Students drop out at the university level, specifically in STEM fields, due in part to not 

passing mathematics courses, particularly Calculus I (Roble, 2017). According to the 

Mathematics Association of America, Calculus I occupies a unique position as a gateway course 

to STEM degrees (2015). Possible reasons for dropout from Calculus I, and the effect on entry 

into STEM fields, have been discussed and examined for decades (e.g., Bressoud et al., 2015; 

Rasmussen & Ellis, 2013; Tinto, 1975). Almost all STEM majors need to take Calculus I; for 

many, this first course in the calculus sequence is either an obstacle or a discouragement to 

continue in their degree programs (Bressoud et al., 2013; Ellis et al., 2016). Many students have 

felt that they were strong in mathematics in high school, but after their first college calculus 

course, they became discouraged in their abilities in mathematics. 

In summary, research has shown Calculus I is a gateway course where many students 

struggle to succeed. At the same time, research suggests that engagement may influence student 

achievement and overall success in mathematics, including at the college level. This study 

investigates the qualities of student engagement in an online Calculus I course. Studying the 

construct of student engagement in the context of asynchronous online learning may provide 

insight into factors that could promote students’ retention in online Calculus courses and 

Calculus more generally.  
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Shift from Face-to-Face to Online Settings  

Because of the COVID-19 pandemic and the need for social distancing, colleges and 

universities worldwide moved face-to-face classes to online classes. The rapidly evolving 

COVID-19 pandemic coupled with the growing nature of online education has challenged higher 

education to push for online courses during and after the pandemic. Hence, the opportunity arose 

to study student engagement experiences in an asynchronous online Calculus I. Although I 

acknowledge there are four dimensions of engagement: behavioral, cognitive, social, and 

emotional, I recognize that observations of emotional engagement from a fully asynchronous 

online class may not be realistic and are beyond the scope of the study. More precisely, emotions 

are best captured in-the-moment and since students were taking this course for credit, asking 

students to create weekly journals for their in-the-moment emotions while interacting with the 

course may be viewed as intrusive and a time-consuming request for students who are research 

participants. Additionally, students primarily interacted with one another through asynchronous 

discussions: hence there was no way to video students to identify cues for emotions. 

Furthermore, using a recall interview after a course has ended may not be very helpful because 

students might not recall how they felt during specific moments. Hence, research methods to 

collect data on students’ emotional engagement with the course were unrealistic, potentially 

intrusive, and raised concerns about validity; so emotional engagement is not a focal construct 

for this study. For these reasons, this study described the nature of student engagement 

experiences—behavioral, cognitive, and social dimensions—in an asynchronous online Calculus 

I course. 
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Research Questions 

The overarching goal of this study was to describe students’ engagement experiences in 

an asynchronous online Calculus I course. I focused on a ten-week unit about limits and 

derivatives of functions to explore students’ cognitive, social, and behavioral engagement 

experiences. To this end, I addressed the following research question and sub-questions: 

What is the nature of students’ engagement as they explore the concept of derivative in an 

asynchronous online Calculus I course?  

1. What are the behavioral aspects of student engagement evident in the way students attend 

to the course and the course requirements?  

2. What are the cognitive aspects of student engagement evident in students’ written 

arguments and contributions to asynchronous online discussions?  

3. What are the social aspects of student engagement evident in the ways students interact 

with each other in the online course?  

Importance of the Study 

This study will benefit calculus instructors (both online and otherwise) at higher 

education institutions and high schools for many reasons. Schools may be able to use the 

findings of this study to develop guidelines for the design and delivery of online courses. 

Furthermore, previous studies of online education have focused on understanding student 

engagement from the instructors’ viewpoint; this study allows teachers to understand students’ 

engagement experiences based on analyses of students’ ways of interacting with the course 

content, materials, and each other. Last but not least, investigating learning and teaching of 
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online Calculus I, often seen as a gateway to STEM degrees and careers, is an invaluable 

contribution to the field of mathematics education. 

Subjectivity Statement  

As an undergraduate mathematics student, I took a Real Analysis course, not knowing 

what to expect. I found that many of the assumptions of major theorems were motivated in our 

textbook in a somewhat “hand-wavy” manner, and I did not have the intuition to visualize some 

concepts. Thus I did not think much about the significant underlying assumptions, such as the 

fundamental theorem of calculus or mean value theorem. In essence, these assumptions nearly 

always applied in my experience. By the end of the unit on integrating functions, I was proficient 

with parametrization and rearranging functions to apply Cauchy’s Formula. But if asked to 

justify my proficiency, I probably would not have been able to craft a compelling argument to 

explain the procedures used or the specific theorems applied. 

As a master’s student at Montana State University, I had the opportunity to think more 

profoundly and prove the results in Real Analysis that I previously took for granted. Thus, I 

became interested in how undergraduate students might argue or reason through integration and 

differentiation problems. Moreover, as someone who ultimately would like to teach higher-level 

mathematics classes such as Real Analysis and Linear Algebra, I have developed an interest in 

how instructors can help students strengthen their mathematical argumentation, even without 

formally proving results. In particular, I wish to discover ways that informal and formal 

reasoning can work together to further an integration or differentiation argument. 

While pursuing my doctorate in mathematics education, I had the privilege of taking 

classes such as Assessment in Mathematics teaching and Curriculum in Mathematics education. 
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As a result, I became more interested in students’ understanding of mathematics. Additionally, 

through my experience as a graduate research assistant and as a doctoral student, I have come to 

appreciate that an integral part of the learning of mathematics is the critical role of engagement. 

Learning mathematics is enhanced if students are cognitively, behaviorally, emotionally, and 

socially engaged. In particular, I am passionate about student engagement at the college level. 

Thus, I have been investigating student engagement for the past two years. As such, I 

acknowledge that my interests and experiences as a student and researcher might influence this 

study. 

Definitions 

Engagement  

Across all perspectives in the research literature, student engagement is described in 

terms of combinations of features, falling into three primary categories: Behavioral, Emotional, 

and Cognitive (Fredericks et al., 2004). Recently, researchers have introduced a fourth 

component: social engagement (Jansen, 2020; Middleton et al., 2017). Often, researchers 

categorize engagement by behavioral or observable attributes, such as students following 

teachers’ directions, working in groups, or active classroom involvement. While these attributes 

contribute to the notion of engagement, they do not necessarily constitute engagement. As a 

result, engagement is often misconstrued as participation or involvement or sometimes just 

paying attention in the classroom.  

Behavioral engagement refers to involvement in learning and academic tasks and 

includes effort, persistence, asking questions, and contributing to classroom discussion (Birch & 

Ladd, 1997: Skinner & Belmont, 1993). Emotional engagement refers to students’ affective 
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reactions in the classroom (Connell & Wellborn, 1991; Skinner & Belmont, 1993). For instance, 

some researchers define emotional engagement as students’ interests and enjoyment (Shernoff et 

al., 2003). Some researchers assess emotional engagement by measuring emotional reactions to 

the school and teacher (Lee & Smith, 1995; Stipek, 2002). Cognitive engagement focuses on 

psychological investment in learning, a desire to go beyond the requirements, and a preference 

for a challenge (Connell & Wellborn, 1991; Newmann et al., 1992; Wehlage et al., 1989). For 

example, Connell and Wellborn’s conceptualization of cognitive engagement includes flexibility 

in problem-solving, preference for hard work, and positive coping in the face of failure. 

Additionally, others have conceptualized cognitive engagement through self-regulated learning 

strategies (Miller et al., 1996; Thien & Razak, 2013). 

Finally, opportunities for students to interact with one another during mathematics class 

can lead to productive experiences that support learning (Jansen, 2020). How teachers structure 

opportunities to interact and how students take up these opportunities both impact learning of 

mathematics. Social engagement, then, is “how students take up opportunities to interact with 

their teacher and their peers about mathematics” (Jansen, 2020, p. 2). Hence, social engagement 

deals with how students connect with their peers to discuss mathematics. Engagement is thus a 

complex, multifaceted, and interrelated construct that accounts for cognitive, emotional, 

behavioral, and social dimensions. In Table 1, I summarize these dimensions.  

 

Table 1: Defining four dimensions of engagement (Adaptation of Murray et al., 2004) 

Dimension Description 

Social Engagement involves social networks. It is evident in actions that may give 

students the avenue to interact with one another and instructors about 



10 

 

mathematics: examples: online discussions forums, group projects, office 

hours. 

  

Behavioral Engagement involves participation, and it is evident in actions that may 

lead to visible outcomes—for example, completing tasks. 

 

Emotional Engagement involves commitment, where schooling increases an 

individual’s emotions, values, and beliefs (such as enthusiasm, optimism, 

and confidence) that inform their actions. For example, students’ feelings 

and affections while completing tasks.  

  
Cognitive Engagement involves investment, where tasks motivate an individual’s 

thought processes and intellect (such as analysis, synthesis, and persistence) 

in ways that may have meaning and hold interest—for example, students’ 

mental interaction with mathematical content.   

 

Mathematical Argumentation 

There is a need to define the term argumentation in the mathematics classroom more 

narrowly. It is natural to misconstrue or perhaps interpret the word “argument” in multiple ways 

as far as everyday life is concerned. For example, an argument can indicate confrontations or a 

process involving systematic reasoning supporting an idea or actions. The Common Core State 

Standards for Mathematics (CCSSM) (NGA & CCSSO, 2010) characterize argument as an 

activity that involves multiple elements such as conjectures, reasoning using stated assumptions, 

definitions, theory, and previous learning.  

The authors of CCSSM envisioned an environment where students “decide whether an 

argument makes sense and ask useful questions to clarify or improve the arguments” (p. 7). 

Additionally, the National Council of Teachers of Mathematics (NCTM) (2000) similarly builds 

a vision where students communicate mathematical conjectures, justify ideas, and mutually 

explore mathematical tasks. Consistent with these descriptions, the term argument means an 

individual or group of people in the classroom making a mathematical claim and then providing 
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evidence and warrant to support said mathematical claim (Corner et al., 2014; Toulmin, 2003; 

Wagner et al., 2014). Specifically, for this study, I define mathematical argumentation following 

Toulmin’s notions. According to Toulmin (1958/2003), the core of an argument consists of 

claim, data and warrant and other components of argumentation include rebuttals, qualifiers, and 

backing. Collective argumentation is a process of idea generation and consensus building, and is 

one way of conceptualizing learning as it takes place in classrooms (e.g., Rasmussen et al., 2015) 

Layout of Chapters 

I organize this dissertation into the following five chapters: (1) Chapter 1, The Problem, 

(2) Chapter 2, Literature Review, (3) Chapter 3, Research Methodology, (4) Chapter 4, Data 

Analysis, Results, and Discussions and (5) Summary, Conclusions and Recommendations for 

Future Research. Chapter 1 includes background information supporting the importance of the 

study and literature relevant to the central research problem. This chapter also contains the 

research questions and definitions of terms in this research. Chapter 2 includes a comprehensive 

review of literature that is pertinent to the study. This chapter also contains the theoretical 

framing and constructs that guide this study. Chapter 3 consists of information on the design of 

this study, the sample, and methods of data collection and analysis. Chapter 4 is a presentation of 

the results from data analysis and findings. Chapter 5 includes the conclusion from this study, 

implications, and recommendations for future research and practice.   
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CHAPTER TWO 

LITERATURE REVIEW 

Introduction 

The need for more students to pursue STEM fields has been an ongoing issue in recent 

years (DeCoito, 2016). The response to this need has resulted in numerous research studies and 

investments in STEM fields. For instance, in 2019, the US Department of Education invested 

almost $540 million to support high-quality STEM education. Despite the increase in research 

and financial support for STEM fields, the higher education graduation rates in STEM 

disciplines are not increasing (Chen 2009; Higher Education Research Institute, 2010; NCES, 

2020). Findings from the US Bureau of Labor and Statistics (2018) reveal that the US stands to 

lose billions in economic productivity due to shortages in STEM fields. 

Beyond the economic impact of shortages in STEM fields in the US, there have been 

national calls for STEM graduates to play an important role in addressing challenges for society 

including but not limited to eliminating inequities and injustice around the world (Holdren, 

2008). Researchers contend that without concern for social good, prioritizing capitalism needs in 

STEM education can easily create a society that disregards the importance of developing 

marginalized students’ transformative abilities to critique and improve lives using science and 

technology (Gutstein, 2006). In this regard, Garces and Espinos (2013) argue that increasing 

diversity in STEM can help address economic needs and promote a better society. More 

specifically, they contend that diversifying the STEM community sets the stage for a robust 
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workforce that aims at eliminating inequities globally. Thus, from both an economic and societal 

stance, there is a need to create diversity in the STEM fields.   

A typical requirement for entry into STEM fields is the procurement of a STEM degree 

from a university. Even though mathematics is not necessarily the primary focus of students in 

STEM programs (except for those who study mathematics), students must complete a Calculus 

sequence to acquire their STEM degrees. Thus, the Calculus sequence often acts as the 

“gatekeeper” for many students in the STEM fields (Roble, 2017; Sadler & Sonnert, 2017).  

In the following paragraphs, I present a comprehensive literature review pertinent to this 

study. I start with a discussion of the impact of calculus on the STEM fields, focusing on 

creating opportunities for STEM education that are accessible to all. I then propose studying 

students’ engagement experiences in Calculus classroom as a first step in creating a diverse 

STEM program that will subsequently improve the workforce and promote a better society. 

Finally, I end with a discussion of research on online mathematics coursework.   

Impact of Calculus on STEM  

The Mathematical Association of America (MAA) released a study in 2015 titled 

“Characteristics of Successful Programs in College Calculus,” (CSPCC) which was the first 

large-scale investigation of Calculus I courses in the US. It provided a considerable amount of 

knowledge of who enrolled in Calculus I, what their preparation had been, and what they 

experienced during one semester (Bressoud et al., 2015). Research emanating from this extensive 

project suggests that students’ persistence in Calculus plays a vital role in students’ ability to 

complete STEM programs.    
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The Calculus sequence and in particular, Calculus I, plays a vital role in the pursuit and 

retention of students in STEM fields and often determines the fate of students in these fields 

(Roble, 2017; Sadler & Sonnert, 2017; Wang, 2013). Researchers have found evidence within 

the STEM fields that students’ experience with Calculus I impacts achievement in science and 

engineering courses (Loehr et al., 2012; Tyson, 2011; Wang, 2013). In particular, students who 

perform better in Calculus I have a higher chance of staying in science and engineering courses. 

In engineering-oriented programs alone, Calculus participation and achievement appeared to 

have more impact than even physics classes on student success (Becker & Park, 2011; Chen, 

2013; Rask, 2010; Tyson 2011). These studies offer compelling evidence that students who tend 

to take more mathematics classes and, in particular Calculus, had higher achievement and 

persistence towards degree completion in STEM disciplines. 

Recently, in the US, researchers conducted an extensive study (n=10437) and found that 

prior mathematics experience such as mastery of precalculus and having taken Calculus at the 

secondary level was beneficial for students in STEM disciplines (Sadler & Sonnert, 2018). 

Sadler and Sonnert (2018) assert that Calculus achievement offers students a better chance of 

completing STEM degrees. In short, Calculus is vital in educating scientists, technologists, 

engineers, and mathematicians (Bressoud et al., 2013; Carlson & Oehrtman, 2005; Kinley, 2016; 

Middleton et al., 2015; Roble, 2017; Sadler & Sonnert, 2017). Hence, students’ experiences 

learning calculus affect their performance and persistence in mathematics and STEM fields. 

Consequently, performance in Calculus I determines many students’ fate in STEM majors 

(Roble, 2017; Sadler & Sonnert, 2017).  
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Making STEM Accessible to All 

In this section, I discuss literature pertinent to student attrition, gender issues, and racial 

gaps in STEM fields. I conclude by proposing that studying students’ engagement experiences in 

Calculus classrooms is a first step in creating a diverse STEM program that will subsequently 

improve the workforce and better society.  

Researchers have been investigating the reasons behind the gender gap in STEM 

education for decades (Belenky et al., 1997; Baker et al., 2007). Although it is not the focus of 

this study, gender equity also remains a problem in STEM education globally (Clewell & 

Campbel, 2002). Fifty years ago, more men than women attended college, but today women 

comprise over 56% of the total undergraduate students in the colleges in the US (NCES, 2017). 

More recently, there is evidence that women in STEM majors have higher GPA’s than men 

(Islam & Al-Ghassani, 2015; Lindberg et al., 2010) and the same has been found specifically in 

mathematics classes, both anecdotally and quantitively (Burroughs & Deshler, 2013). However, 

these increases do not appear in the STEM fields at the national level. For instance, the 

persistence rate in national samples of STEM majors for women is far lower than men’s 

(Bressoud et al., 2015; Chen, 2013). Additionally, only about 15% of undergraduate women start 

in STEM majors, and nearly half of these women drop out of the STEM majors by graduation 

(Hill et al., 2010).  

For women of color, the statistics are more concerning. Only 600 African American 

women graduated with a degree in physical science across the nation in 2007 (National Science 

Foundation, 2007). Also, only 0.97% of African American women who enrolled in a university 

received undergraduate engineering degrees in 2014 (National Science Foundation, 2015). 

However, Ellis, Fosdick, and Rasmussen (2016) indicated that if women persisted in Calculus I 
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at the same rate as men, the number of women entering the STEM workforce would increase by 

75%. Garces and Espinos (2013) argue that diversity in STEM disciplines provides an avenue for 

more vital and different perspectives for addressing science all over the globe. 

Studies have shown STEM minorities (Latinx, Black, Native American students) switch 

out of STEM disciplines at higher rates than their counterparts (White and Asian American 

students) (Anderson & Kim, 2006; Chen & Thomas, 2009; Hill et al., 2010; National Academies 

of Science, Engineering, and Medicine (NASEM), 2017; Shaw & Barbuti, 2010). The gap in 

STEM attrition rates between racial minorities and non-minorities is alarming (Hill et al., 2010; 

Chen 2013). In fact, 33% of White students and 42% of Asian-American students who started 

college intending to pursue STEM graduated with STEM degrees by the end of five years 

compared to 22% of Latinx students, 18% of Black students, and 20% of Native American 

students (Hurtado et al., 2010). 

In conclusion, student attrition in STEM fields is high and disproportionately so for 

women and students from racial minorities. The STEM workforce must grow to meet the 

increasing demand of STEM occupations (President’s Council of Advisors on Science and 

Technology, 2012). Student engagement may be one way to address this challenge. Student 

engagement is a strong predictor of student achievement and behavior in school (Klem & 

Connell, 2004). Additionally, President Obama’s Council of Advisors on Science and 

Technology (2012) urged that “engaged students excel in STEM fields” (p. 3). Rasmussen and 

Ellis (2013) found that not actively engaging students in a calculus class may lead them to switch 

out of calculus and subsequently move away from STEM fields. There is a need for investigating 

student engagement in Calculus classrooms because it is critical to reducing attrition and 
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building a more inclusive and diverse STEM population. In the next section, I discuss literature 

pertaining to student engagement.  

Engagement as a construct  

The concept of student engagement has attracted growing interest for mathematics 

education researchers because it explains low levels of academic achievement, high student 

boredom and disaffection, and high dropout rates in urban areas (Johnson, 2008; Shin et al., 

2007). Delialioglu (2012) defines student engagement as involving students in academically 

meaningful activities and contributing to learning and personal development. In some literature, 

engagement is a meta construct made up of a range of factors, while in others, engagement is one 

of several factors (such as motivation) identified as impacting students’ performance in school 

(Fredricks et al., 2004), including in mathematics (Middleton et al., 2017). 

Across all perspectives in the research literature, student engagement is described in 

terms of combinations of features, primarily consisting of four major components: behavioral, 

emotional, cognitive and social (Fredericks et al., 2004; Jansen, 2020; Middleton et al., 2017). 

For students to learn mathematics, they must be engaged. For instance, Bodovski and Farkas 

(2007) found that student engagement significantly contributes to students’ mathematical growth 

in early elementary school. Researchers found that higher cognitive, behavioral, and emotional 

engagement predicted students’ academic achievement (Wang et al., 2016). In the next section, I 

discuss literature on student engagement, followed by research on student engagement in 

Calculus. 
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Research on Student Engagement 

There exists a significant connection between student engagement and achievement in 

mathematics (Akey, 2006; Wang et al., 2016). However, student engagement is complex, and 

currently, relationships to outcomes such as mathematical understanding and learning are elusive 

(Middleton et al., 2017). In the US, student engagement has primarily and historically focused 

upon increasing achievement, positive behaviors, and a sense of belonging for students so they 

might remain in school (Taylor & Parsons, 2011). 

Because the focus has been on high school completion, research on student engagement 

has targeted elementary, middle, and high school students, where disengagement typically 

becomes a concern (Willms et al., 2009). Some researchers viewed student engagement as a way 

to re-engage or reclaim predominantly socio-economically disadvantaged students at risk of 

dropping out of high school (Taylor & Parsons, 2011).  

Gasiewski and colleagues (2012) conducted a research study of student engagement in 

introductory STEM courses in college classrooms. They drew on theories of motivation to offer 

insights into psychological traits that contribute to undergraduate students’ engagement in 

mathematics. On a larger scale, Kuh et al. (2008) used student-level records from eighteen 

different colleges and universities to investigate the effects of student engagement by examining 

first-year college students’ grades and persistence. They found that student engagement was 

instrumental to student performance. Overall, these studies provide a basis for the significance of 

student engagement in college classrooms. 

Across the literature, even after considering student attributes such as gender, minority 

status, and socioeconomic status, student engagement positively affects student academic growth 

in the mathematics classroom (Finn, 1993: Newman et al., 1992). However, the ways student 
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engagement is conceptualized in research is problematic (Fredricks et al. 2004). As discussed, 

engagement is a multidimensional concept of behavioral, emotional, social, and cognitive 

components. Still, many engagement studies include only one or two of these dimensions, rarely 

more, and they are often ill-defined and not well operationalized. 

Fredericks and colleagues (2004) suggest that research has not capitalized on the 

potential of engagement as a multidimensional construct that involves behavior, emotion, and 

cognition. Rather than focusing on one or two of the categories, fusing them as a 

multidimensional construct will enable researchers to focus on students and their interactions 

with the classroom environment and thus help to understand better the complexity of students’ 

engagement in mathematics classrooms. Little research exists on the relationship between 

student engagement and learning, which have been theorized to be inextricably linked 

(Middleton et al., 2017). In the next section, I discuss research on student engagement in 

Calculus. 

Student Engagement in Calculus  

Little to no research on student engagement in college Calculus classrooms exists that 

defines engagement consistent with the definition previously discussed. Nonetheless, this section 

attempts to describe research on the national study conducted by the MAA to portray the 

importance of student engagement in Calculus. The CSPCC project was the most extensive study 

on Calculus I courses in the US. The researchers collected data from four types of higher 

education institutions, including PhD-granting universities, MA-universities, BA-universities, 

and AS-granting colleges. The CSPCC project administered pre and post-surveys to Calculus I 
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students, their instructors, and department heads. Roughly 14,000 students, 700 instructors, and 

212 institutions participated in this national study. 

The CSPCC study investigated three affective variables from students, namely 

confidence, enjoyment of mathematics, and intention to persist in Calculus courses. After some 

statistical analysis, the researchers formed a composite latent variable based on mathematics 

confidence, enjoyment, and persistence and called it “mathematics attitudes.” Using data from 

the CSPCC study, Williams (2016) delved deeper into the effect of interest on students in 

Calculus courses. His findings indicated that students who enjoyed mathematics tended to report 

high interest. Additionally, he found that peer collaboration and time for individual work in class 

are positively associated with students’ interest in Calculus I. 

Since not all of the students and instructors who participated in the national project 

completed all the surveys, Sonnert and colleagues (2015) only included 3103 students from 308 

classrooms and at 123 institutions. They found that students’ confidence, enjoyment of 

mathematics, and desire to persist in studying mathematics decreased while taking Calculus I, 

and were affected by pedagogical practices. In particular, good teaching (e.g. clarity in 

presentation and answering questions, useful homework) practices corresponded with the 

greatest positive impact on students’ attitudes. In contrast, ambitious teaching (e.g. group work, 

word problems, flipped reading and student explanations of thinking) had a small negative 

impact on student attitudes. Since each of these teaching strategies had positive and negative 

impacts, the search remains to find teaching strategies that balance their potential adverse effects.  

Overall, the national study on Calculus illuminated the positive aspects of teaching and 

learning in Calculus courses nationwide. The variables they investigated (confidence, enjoyment, 
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persistence, and interest) are to some degree related to various components of student 

engagement. For instance, some researchers suggest enjoyment and interest are indicators of 

emotional engagement (Skinner et al., 2008; Williams, 2021), whereas others have identified 

persistence as an indicator of behavioral engagement (Kong et al., 2003). In this regard, some 

information about students’ emotional and behavioral engagement can be inferred from the 

CSPCC results.   

In conclusion, few studies exist on student engagement (as defined in this study) in 

undergraduate Calculus courses. Although, some inferences about constructs related to student 

engagement and their relationships to how Calculus I is taught can be made from the results of 

the CSPCC study, it is necessary to focus on student engagement experiences in Calculus 

classrooms including in online settings as there is a growing demand for online education. The 

following section discusses research on student success in online Calculus.     

Current Research on Online Calculus Courses 

Over the last 25 years, online education has expanded rapidly due to the convenience 

surrounding this form of learning. Additionally, most colleges and universities have embraced 

online education, partly because they view online education as a cost-effective way of meeting 

the needs of different students and learners. In 2015 alone, over 75% of higher education 

institutions in the US considered online education important to their long-term goals (Allen & 

Seaman, 2015). 

Moreover, the unexpected online transition necessitated during the second half of the 

spring 2020 semester and throughout 2021 by most schools in the US showed how significant 

online education could be. While there are positive sides to online learning, there are certainly 
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concerns that it may not be as effective as traditional education. Also, questions exist concerning 

the rigor and legitimacy of online learning (Abamu, 2018; Parker, 2011). This section discusses 

current research on online Calculus courses. 

Caprotti (2017) investigated an online Calculus course to analyze students’ completion 

by reviewing the tools and assessment strategies available in learning management systems. The 

author found patterns in student behavior, where students were more likely to succeed if the 

instructor instituted structured deadlines for assignments. Similarly, others have found that a lack 

of structured deadlines allowed students to fall behind (Boz & Adnan, 2017). 

As the number of online mathematics classes increases, researchers contend students 

need to receive the same learning experiences as in face-to-face mathematics classes (Jones & 

Long, 2013). Hence, Mativo and colleagues (2013) compared a face-to-face section and an 

online section of a calculus course. In their study, they found that the presence of a teacher in the 

online section was more positively associated with students’ performance than having a teacher 

in a face-to-face setting.  

Students in online Calculus courses face the same challenges as students in traditional 

classes (Bonk et al., 2015; Mativo et al., 2013), while some researchers believe that students in 

face-to-face courses learn more (Jones & Long, 2013). Jones and Long (2013) argue that 

students tend to perform better in traditional Calculus courses because they can visualize 

concepts in a way that is not easy to replicate online. However, Butler (2016) argues that with 

advances in technology and online mathematical tools, students should be able to access and 

visualize mathematics in the same way regardless of delivery method.  



23 

 

In conclusion, from the literature reviewed, researchers have primarily focused on 

comparing the effectiveness of online Calculus with face-to-face Calculus. Additionally, results 

from the above review indicate inconclusiveness; some researchers report significant differences 

between learning in online and face-to-face settings, whereas others report no significant 

difference. Also, this line of research is questionable as it offers little to no definitive agreement 

on the effectiveness of online learning (Cavanaugh et al., 2004). 

 Some researchers have questioned measuring the effectiveness of online learning by 

comparing online education and traditional settings (Clark, 1994; Kozma, 1994). Fredericksen 

(2015) argues that it is wrong to compare online learning and traditional learning because they 

are different platforms. Kozma (1994) claims that rather than comparing online learning to 

traditional education to determine the efficiency of online instruction, we should instead examine 

students’ cognitive and social interactions in an online class. 

Beyond research on student engagement in terms of program completion in higher 

education (Kuh et al., 2008), the next step is to discuss research that focuses on students’ 

engagement within a course. Few literature focuses on engagement experiences of students in 

online classes and, in particular, Calculus courses. In fact, research into best practices in online 

teaching has not kept up with the growth of online learning (Abamu, 2018). Students may be 

enrolling in online courses, but are they engaging in them and meeting intended performance and 

learning goals? Understanding this situation requires more than quantitative data. Numbers only 

tell a part of the story. For a deeper understanding, this qualitative study focuses on student 

engagement experiences when exploring the concept of derivative in an online calculus course 
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instead of comparing online learning to traditional. The implications from this study might reveal 

the potential advantages of virtual formats of instruction. 

Synthesis of Literature  

Many students going into STEM programs leave their programs due to difficulties in 

completing the Calculus sequence and, in particular, Calculus I. These failures have been 

attributed to different reasons, including course structure (Boz & Adnan, 2017), poor teaching 

(Hagman et al., 2017; Niemi 2002; Rasmussen & Ellis, 2013; Seymour 2006; Thompson et al., 

2007), and student under-preparedness (Sadler & Sonnert, 2018). In traditional courses, 

interventions or adaptations have attempted to address these issues. For instance, Habre and 

colleagues (2006) conducted a teaching experiment to aid students in understanding the concept 

of derivatives in a traditional Calculus course. Studies have also compared traditional courses 

with online sections of Calculus courses in terms of students’ success in online mathematics 

(Bonk et al., 2015; Mativo et al., 2013). Despite these studies and some of the ensuing changes, 

online mathematics classes, especially Calculus, still, have low pass rates. Additionally, there are 

many misconceptions about online mathematics, such as classes are more straightforward, 

flexible, less time-intensive, and not rigorous, and there is a need to understand how to create 

successful online Calculus courses. I contend studying student engagement experiences offers an 

important step in creating successful online Calculus courses. 

Researchers have linked students’ dropout rates in high schools to student disengagement 

(Fredricks et al., 2004; Reschly & Christenson, 2012). For this reason, in recent years, the 

concept of engagement has gained popularity since efforts to increase engagement in school 

could subsequently reduce high school dropout rates (NRC, 2004). Rasmussen and Ellis (2013) 



25 

 

further contend that students drop out of Calculus I and STEM fields due to lack of engagement. 

Hence student engagement is an essential construct of interest to educational researchers because 

of its association with success and retention. 

Finally, improving student engagement may potentially address social inequity and lead 

to better educational goals for all students (see also Maslak et al., 2010; Pearson et al., 2007). In 

particular, in the unfortunate wake of “no justice, no peace,” “justice for George Floyd (of 

blessed memory),” “justice for Breonna Taylor (of blessed memory),” we are being reminded as 

mathematics educators and teachers that we have a role to play in creating a STEM education 

that is accessible to all. Every student should be provided with an equitable atmosphere to be 

engaged in mathematics classrooms to reduce the dropout rate in mathematics and, eventually, 

STEM fields. This study aims to answer the call by studying the nature of students’ engagement 

in online Calculus I 

Theoretical Framing 

This section explains the theoretical framing that underpins this study. In the following 

few paragraphs, I argue the importance of using a multidimensional lens to understand and 

categorize student engagement. 

Multidimensionality of Student Engagement  

As discussed in the review above, engagement is a multifaceted construct. Although 

unidimensional engagement exists, multidimensional engagement has been a more common 

construct (Fredericks et al., 2004). As already mentioned, Fredericks et al. (2004) argue that 
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student engagement has three main components; behavioral, emotional, and cognitive. More 

recently, other researchers (Jansen, 2020) have identified a new component: social. 

Behavioral engagement refers to how students participate in academic and classroom 

settings. Across the literature, behaviors commonly used to indicate behavioral engagement 

include persistence (Kong et al., 2003; Wang et al., 2016) and effort (Skinner et al., 2009; 

Frederick et al., 2004). Cognitive engagement refers to students’ willingness to invest in 

learning. The most commonly used indicators are concentration (Shernoff et al., 2003), self-

regulation (Miller et al., 1996; Wang et al., 2011), and cognitive strategy (Wang et al., 2011). 

Emotional engagement refers to student reactions and feelings towards learning. Across the 

literature, commonly used indicators are interests (Shernoff et al., 2003), enjoyment (Skinner et 

al., 2008; Wang et al., 2014) and feeling of happiness (Lam et al., 2014). Social engagement 

refers to student conduct (Finn & Zimmer, 2012) and relationships with colleagues and 

instructors (Jansen, 2020). 

This study focuses on students’ engagement in three major components: behavioral, 

cognitive, and social. Studying student engagement as a multifaceted construct accounting for 

behavioral, cognitive, and social components helps promote students’ learning and growth. Not 

only does student engagement encourage learning, but it has numerous impacts on students, as 

discussed in the literature review. When students display high levels of behavioral, cognitive, 

and social engagement, they are more likely to succeed in school and the classroom. Thus, it is 

critical to understand these facets or dimensions for all students. 

Additionally, this approach is unique in that, as far as I am aware, no study has combined 

three facets in a single study. To collect data related to the cognitive and social aspects of 
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students’ engagement while learning about the concept of derivative, I collected data from 

students’ online discussion posts and through interviews. I used features of the learning 

management system to document the behavioral aspects of students’ engagement during the 

asynchronous online Calculus I course. As mentioned in Chapter 1, this study does not include 

an analysis of students’ emotional engagement because research methods to collect data on 

students’ emotional engagement with the course were determined to be unrealistic and 

potentially intrusive. Thus, I conceptualize engagement as a complex, multifaceted, and 

interrelated construct, and in this study, I account for cognitive, social, and behavioral 

dimensions. 

Significance of Study  

As indicated in Chapter 1, there is a critical shortage of students in STEM fields (Chen 

2009; Higher Education Research Institute, 2010; Ellis et al., 2015). Calculus I has been shown 

to be a gateway course to STEM fields (Bressoud et al., 2013; Roble, 2017), where Rasmussen 

and Ellis (2013) found that not actively engaging students in a calculus class may contribute to 

students switching out of calculus and subsequently STEM fields. Critical to addressing this 

attrition is the need to investigate student engagement in calculus classes. Research shows 

engagement is linked to students’ persistence, achievement, and learning in mathematics (e.g., 

Fredricks et al., 2004; Middleton et al., 2017; Wang et al., 2016). Therefore, this study is critical 

because studying the nature of engagement experiences in learning Calculus I, will provide 

researchers an avenue for understanding students’ engagement experiences in Calculus I and 

subsequently in STEM fields. 
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Additionally, over 29% of US college students in the spring 2016 semester alone 

registered for at least one online course. Post-secondary enrollment in online classes during 

spring semesters after 2016 has increased even while the overall post-secondary enrollment has 

decreased (U.S. Department of Education, National Center for Education Statistics, 2016, 2017, 

2018, 2019). The demand for online courses indicates the need for more research in this growing 

area, particularly in mathematics (see also Allen & Seaman, 2015). The findings of this study 

may help make online Calculus I classes more effective, help instructors attend to students’ 

engagement, and improve persistence in STEM fields. 

In conclusion, this study contributes to the advancement of research about online 

mathematics learning environments. Previous studies have not documented the characteristics of 

mathematics student engagement while learning calculus online. In sum, studying students’ 

engagement experiences in an online Calculus I course is significant to teachers, learners, 

researchers, and the entire mathematics community. The following chapter discusses the design 

of this study, and the methods of data collection and analysis. 
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CHAPTER THREE 

RESEARCH METHODOLGY 

Research Questions  

The broad goal of this study was to investigate students’ engagement experiences in an 

asynchronous online Calculus I course. I focused on a ten-week unit about limits and derivatives 

of functions and explored the behavioral, cognitive, and social dimensions of engagement. To 

this end, I addressed the following research question and sub-questions: 

What is the nature of students’ engagement experiences as they explore the concept of derivative 

in an asynchronous online Calculus I course?  

1 What are the behavioral aspects of student engagement evident in the ways students 

attend to the course and the course requirements?  

2 What are the cognitive aspects of student engagement evident in students’ written 

arguments and contributions to asynchronous online discussions?  

3 What are the social aspects of student engagement evident in the ways students interact 

with each other in the online course?  

This chapter describes how I addressed these research questions using qualitative methods. I 

begin with a rationale for qualitative methods, and then a detailed description of the specific 

methods approach is discussed. 
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Rationale for Qualitative Methods  

Fredricks and colleagues (2004) attest that while extensive research exists on student 

engagement, most studies have focused solely on quantitative approaches that usually focus on 

analyzing Likert scale questionnaires or surveys. Qualitative data on student engagement from 

students’ viewpoints will enable researchers to understand the construct better. That is not to say 

that qualitative research on student engagement does not exist. A few qualitative studies on 

student engagement from students’ perspectives can be found (e.g., Pope 2001); however, little 

to no qualitative research has investigated student engagement from students’ perspectives in an 

online Calculus I course. Merriam (1988) contends qualitative inquiry seeks to understand the 

phenomenon of interest from participants through interviews, observations, and surveys. This 

study intends to describe a phenomenon––in this study, experiences of students’ engagement 

during an asynchronous online Calculus I course––and it is appropriate to use a qualitative 

approach (Denzin, 2000; Esterberg, 2002).  

Rationale for Phenomenological Design  

In this study, I used a phenomenological approach (Creswell & Poth, 2018; Marton & 

Pong, 2005; Mills & Gay, 2016). Creswell and Poth (2018) describe phenomenological research 

in this way, 

Phenomenological study describes the common meaning for several individuals of 

their lived experiences of a concept or a phenomenon. Phenomenologists focus on 

describing what all participants have in common as they experience a phenomenon 

(e.g. grief is universally experienced). The basic purpose of phenomenology is to 

reduce individual experiences with a phenomenon to a description of the universal 

essence (a grasp of the very nature of the thing) (p. 75).  
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According to Van Manen (2014), phenomenological research begins “with wonder at what gives 

itself and how something gives itself. It can only be pursued while surrounding a state of 

wonder” (p. 27). The researcher then collects data from the persons who have experienced the 

phenomenon and develops a composite description of the essence of the experience for all 

participants (Creswell & Poth, 2018). The description consists of “what” they experienced and 

“how” they experienced it (Moustakas, 1994). In this study, the phenomenon was that of ways of  

engaging with mathematical content, each other, and the course while learning about the concept 

of derivative in an asynchronous online Calculus I course. This qualitative study examined “the 

experiences for individuals who have all experienced the same phenomenon” (Creswell, 2014, p. 

14). The focus on uncovering the differences and similarities in how students experience 

engagement in their surroundings makes a phenomenological study a good fit (Creswell & Poth, 

2018). 

Potential Limitations  

Inherent in this study are several limitations. I categorized the limitations into two main 

categories: external and internal. The external category includes limitations outside the online 

course or settings, whereas the internal category includes limitations within the online class or 

environments.  

External Limitations  

First, the findings of this study may be limited due to the circumstances under which it 

took place. I conducted this study in a university during the spring semester of the school year, 

and historically, Calculus I students’ performance and participation in fall semesters have tended 
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to be better than in spring semesters at this university. Hence, results may have been different if 

the study took place in the fall semester. 

Secondly, the COVID-19 pandemic put many participants’ families in stressful and 

difficult situations. For instance, students were more likely to worry about their health and their 

loved ones, and such fears may have impacted students’ concentration and participation in this 

course. Thus, results may have been different if the study had taken place in an online 

environment not created due to COVID-19. 

Internal Limitations  

First, the data collected may be limited to what students were willing or had time to post 

during weekly discussions. For instance, data collected during online discussions may not 

explicitly reveal students’ thought processes. However, to mitigate this limitation, the instructor 

made students understand that discussions were intended to be their in-the-moment rough draft 

thinking (Jansen, 2020). Also, students could make changes to their discussion posts throughout 

the week. Moreover, the instructor evaluated discussion posts based on substance, not 

correctness. 

Secondly, students’ interactions or discussions may be shorter in online environments 

than in face-to-face class discussions. This is because interactions or discussions within face-to-

face settings are inherently natural and may continue until some understanding or consensus is 

reached among students. Therefore, results may have been different if I conducted this study in a 

traditional setting. To help mitigate this limitation, the instructor asked students to respond to at 

least two other colleagues’ posts and continue conversations within their original thread through 

the week. 
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Thirdly, given this research is focused on studying engagement experiences while 

learning differential calculus, results may be limited. For instance, other contexts may yield 

different results; students may have higher social engagement in a different course or higher 

cognitive engagement studying a different mathematics topic. However, little is known about 

students’ engagement experiences while learning the concept of derivative in an online Calculus 

I course, so, focusing on student engagement experiences while learning about derivative is 

essential. As mentioned in earlier chapters, understanding differential Calculus is critical for 

STEM students’ success. 

Finally, interviews with students are part of the data collection procedures for this study 

and students may have been less willing to respond fully in an interview because I held a dual 

role as a course instructor and researcher. More specifically, I graded students’ assignments. 

Results might have been different if I had no direct influence on their grades. To help mitigate 

this limitation, I conducted the interviews after the course was over and when students had seen 

their final grades for the class. I provide more details about the course structure, the instructor, 

and my role in a later section. 

Exploratory Study 

An exploratory study was carried out in Fall 2020 to establish and inform data collection 

and analysis for the current research. I begin this section with an overview of the goals of the 

exploratory study. I conclude by discussing how I employed results from the exploratory study to 

guide the main study. 

In the exploratory study, I described the characteristics of students’ engagement and 

gender dynamics in the context of learning mathematics in an undergraduate introduction to 
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proof course. I explored two research questions: (a) What characterizes students’ engagement 

while learning the concepts of permutation and combination? (b) What are the different ways in 

which gender identity shapes students’ engagement experiences in this setting? 

Most importantly, the purpose of the exploratory study was to establish an appropriate 

way to study the nature of student engagement with mathematics. An in-person interview was an 

effective way for students to describe the nature of their engagement with mathematics and the 

factors that contributed to their engagement. Additionally, during the interviews, I found myself 

tempted to give facial cues or occasionally verbal affirmation such as smiling, nodding, and 

saying “yeah.” All these might signal interviewees into saying what they think I would want 

them to say. The exploratory study helped me realize that I would have added content to the 

interview and possibly altered the participants’ responses. Based on this experience, I have 

learned to prevent myself from giving cues and affirmations during interviews. This helps with 

communicative validity, ensuring that any statement mentioned by the participant comes from 

their experience of the phenomenon, not from content provided by the researcher (Bowden & 

Green, 2005). 

In the exploratory study, I also found that the classroom environment and group work 

influenced students’ engagement experiences. For instance, I found that a student-centered 

classroom environment positively influences cognitive and emotional engagement. The 

exploratory study results encouraged and motivated an expanded study, examining a different 

branch of mathematics knowledge (differential calculus), a different context (online learning) 

and using a more formalized approach to research. 
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Settings 

Learning Management System (LMS)  

I conducted this study at a land grant university located in the Western United States. 

This land grant university was founded on agriculture and agricultural engineering and has 

emerged as a leading school for engineering, technology, and biological sciences. 

Desire to Learn (D2L) is the learning management system (LMS) used for creating, 

communicating, hosting, and editing online materials at this institution. D2L is student-oriented; 

it allows students to access their courses, assignments, and assessments from various devices, 

and is not limited to computers. D2L is available for all courses and is used to different degrees 

by different instructors. For instance, some instructors use D2L for online courses, whereas 

others use D2L as a supplementary system for courses taught in more traditional settings. 

Impact of COVID-19 

In general, there are eight to fifteen sections, with about twenty-five to forty students per 

section, of Calculus I offered every academic semester at this institution. In a typical academic 

semester (Pre-COVID), these sections were always face-to-face. However, necessitated by 

COVID-19, the department of mathematics at this institution switched to providing online 

classes which were either asynchronous or synchronous during the latter part of Spring 2020.  

In Spring 2021, eight sections of face-to-face Calculus I were offered alongside two 

asynchronous online sections. Unlike the Spring 2020 semester, students could choose the online 

Calculus I section in the Spring 2021 semester, so students self-selected into the online sections. 

An experienced mathematics education researcher taught these two online sections using D2L as 
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the platform for all course activities. The researcher graded students’ assignments and provided 

feedback to students on much of their submitted work. Both sections provided data for this study. 

The Role of the Instructor  

I purposely selected the two online sections for this study because of the instructor’s 

research and teaching expertise, which focuses on student engagement and learning in early 

undergraduate mathematics courses. The instructor is an Assistant Professor in mathematics 

education. He has taught many mathematics and mathematics education courses in online 

settings (even before COVID). He has developed and taught online mathematics education 

courses such as Teaching High School Geometry (for graduate and undergraduate students), Real 

Analysis for Teachers, and an undergraduate seminar course associated with student teaching. He 

has also developed and taught online mathematics courses in Linear Algebra, Calculus I, Survey 

of Calculus, and Precalculus. 

 Through written correspondence, the instructor shared information about his views on 

teaching and learning. For him, learning occurs as students encounter productive struggle on 

novel problems and through interacting with each other’s thinking. He holds this same view of 

learning regardless of the platform or mode of delivery for a course. The instructor believes 

learning takes place when students do the mathematical thinking in a class (not the teacher), and 

students’ thinking should be made public for all students to encounter, reflect upon, and critique 

(constructively). In line with rough draft thinking (Jansen, 2020), he believes that students learn 

when they can revise and edit their work based on new insights acquired while interacting with 

peers and feedback from instructors. 
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The instructor strives to create learning environments where every student feels welcome 

and comfortable sharing their ideas. He values each student’s thinking and encourages all 

students to articulate their thinking because he believes all students learn through such 

interactions. He uses strategies such as anonymous posts to Padlets or other electronic bulletin 

boards for those who wish to be heard but not spotlighted in face-to-face classrooms. He also 

ensures that students willing to share ideas publicly receive ownership (e.g., “Let’s reflect on 

what [student name] just said…”). 

In conjunction with the instructor’s views of learning, he is also aware of research on 

students’ sense of belonging and math self-efficacy. He never forces students to share their ideas 

without offering an option for anonymity. He also does not ask questions to a general audience 

but instead tries to ensure that all students can be heard. In this online course, he gives credit to 

students whose ideas he features in his summary announcements on D2L. He also tracks whose 

ideas have been featured and celebrated in a spreadsheet to ensure that he is not biased towards 

particular students. The instructor interacted with students both within and outside the online 

discussions. Within the online discussions, he gave feedback in threads after all students had 

made initial posts. Outside the online discussions, he interacted with students by giving feedback 

privately through D2L. Additionally, he made summary announcements to clarify mathematical 

ideas presented by students during the online discussions. Finally, he was available to students 

through email and during office hours for video conferencing. 

The Role of the Researcher  

My educational background has centered on teaching, learning, and research in 

mathematics education. I hold both master’s and bachelor’s degrees in Mathematics from 
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Montana State University (MSU) and the University of Cape Coast (UCC) Ghana. Upon 

completing my bachelor’s degree in Mathematics Education at UCC, the University appointed 

me as a teaching assistant for the undergraduate mathematics and chemistry program. This 

program comprises courses designed to help students develop analytical and problem-solving 

skills. While there, I taught and assisted with several classes in critical areas of the undergraduate 

mathematics curriculum; these included abstract algebra, algebra and trigonometry, and 

advanced calculus. Through the discharge of my duties, I gained direct knowledge and 

invaluable teaching experience. 

My experience with online education has been as both a student and an instructor in 

graduate school. As an undergraduate student in mathematics education, all of my courses were 

face-to-face. In Ghana, at the time of my undergraduate studies, online education was not as 

typical as today. Many avoided enrolling in online education as questions existed about the 

efficiency of online learning. As a graduate student in the US, I enrolled in my first two online 

courses to complete my master’s degree in mathematics. As a doctoral student, I enrolled in a 

couple of online classes as well. As an instructor, I have taught in the traditional face-to-face 

mode for five years and online for the past year. In particular, I have taught sections of Calculus I 

in both online and traditional settings. Throughout my experience in teaching and participating in 

online classes, I have encountered different teaching styles and uses of technology. 

I held dual roles of course assistant and researcher in the two online sections that 

provided data for this study. I graded students’ worksheets and provided feedback. The students 

did not regard me as an instructor but instead a graduate student undertaking a research project to 

learn about their experiences and grading their quizzes and worksheets. Occasionally, I created 
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weekly discussions for students in these classes. I also held office hours throughout the semester. 

Before the start of the semester, I worked closely with the instructor in determining an 

appropriate approach to teaching the online Calculus I course. Also, the instructor of the course 

collaborated with me throughout the class to discuss the class’s progress in terms of online 

discussions, cumulative evaluations, quizzes or worksheets, and projects. 

Finally, as mentioned earlier in Chapter 1, through my experiences as a student, instructor 

and researcher in mathematics education. I have come to appreciate that an integral part of 

learning mathematics is the crucial role of engaging students. In the past, I have investigated 

students’ engagement and as such, my understanding of students’ engagement experiences may 

influence this study.  

Course Structure  

The online sections did not have scheduled meetings; instead, they were structured as 

fully asynchronous courses with weekly “checklists” of activities and assignments to complete. 

The instructor provided students with a schedule of topics that correlated to the schedule of 

lectures in the face-to-face Calculus I sections. Additionally, the instructor provided students 

with weekly notes/handouts that corresponded to topics for the week. 

The instructor expected students to watch pre-recorded video lectures provided in place 

of scheduled class meetings and a calendar to follow, which outlined which concepts to review 

each week to maintain accurate pacing through the course. The course instructor did not record 

the pre-recorded video lectures, but these were instead provided by the department’s coordinator 

of all Calculus I classes. The coordinator has over ten years of teaching experience in calculus 
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classes and is an expert in teaching Calculus I. Occasionally, the instructor made videos to 

supplement the pre-recorded video lectures.  

These two asynchronous online Calculus I sections had four main components: online 

discussions, quizzes or worksheets, cumulative evaluations, and webwork (an online interactive 

homework platform). In the following paragraphs, I explain cumulative evaluations and online 

discussions in detail because these components are unique in the context of this study. 

Cumulative Evaluation  

The cumulative evaluations were assignments structured in a manner that covered topics 

spanning weeks. There were three cumulative evaluations in the course. The instructor did not 

proctor the cumulative evaluations. As such, there was a greater expectation than is typically 

expected on proctored exams on the extent to which students communicated their understanding 

and thinking on each problem. In line with the tenets of mathematical argumentation and his 

views on how students learn, the instructor expected students to provide and show a thorough 

explanation and justification for each question and cite resources they used to complete a 

cumulative evaluation. Use of outside resources was allowed; also, students were allowed to 

collaborate while working on a cumulative evaluation. 

Online Discussions  

Students were assigned at least one prompt each week as the focus of week-long 

discussions. The purpose of the online discussions was to help students collaborate and interact 

with each other’s mathematical thinking. Each week’s discussion had similar expectations of: 

1. Each student writes an initial post addressing the mathematical prompt  

2. Students respond to at least two other colleagues’ posts, and  
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3. Students continue conversations within their original thread through the week. 

Students understood that online discussions were not evaluated for mathematical correctness but 

based on mathematical substance and justification. Also, the instructor explained to students that 

discussions must contain critical aspects of written arguments in mathematics: claim, 

data/evidence, and warrant (Toulmin 1958/2003); precise language; and in the case of replies, 

rebuttals/questions (Pallanck et al., 2020). Table 2 defines these elements of written 

mathematical arguments, as presented to the students. 

Table 2: Elements of written mathematical argument 

Element Descriptions 

Mathematical Claim Statement presenting your position or thoughts 

about the mathematical concepts in the prompt.  

 

Data/Evidence Calculations or observations that support/verify 

the claim. 

 

Warrant Explanation of why the evidence makes sense. 

 

Questions/Rebuttals (for responses only) Questions for the original author about the: 

1. validity of their claim,  

2. accuracy of their evidence, or  

3. for further clarification of their warrant. 

 

The purpose of evaluating discussions based on mathematical substance over correctness 

was to encourage students that discussions were intended to highlight their in-the-moment rough 

draft thinking (Jansen, 2020), defined as productively struggling with mathematical ideas and 

then making revisions when needed to improve mathematical understanding. To ensure students 

followed the above elements while posting to discussion forums, the instructor spent the first 

three weeks of the class explicitly teaching students to write a productive post based on 

mathematical argumentation (Pallanck et al., 2020; Toulmin, 1958/2003) during online 
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discussions. The purpose of this assignment was to establish norms for communicating 

mathematical ideas and responses to posts.  

In the first week, students were asked to respond to the following prompts:  

1. In your opinion, what are essential components to productive online mathematical 

conversations? 

2. In your opinion, what are important characteristics of productive responses/replies in 

online discussion forums? 

3. You are responding to a classmate’s post about a trig identity proof. Give an example 

of an unproductive reply to your classmate. Why is it unproductive? 

The purpose of these prompts was to allow students to think deeply about the 

characteristics of a productive post in online discussions about mathematics. The last prompt was 

a small step in pushing students to write a constructive response to their classmates’ posts in this 

online class. In the second week of the course, students were asked to watch an instructor-made 

video, which elaborated on the content of a productive post based on tenets of mathematical 

argumentation (Pallanck et al., 2020; Toulmin, 1958/2003). They then responded to the 

following prompts:  

1. In your own words, explain the importance of a claim, data/evidence, and warrant in an 

initial post to our online discussions. 

2. What questions do you have about the content of a discussion post (or reply)? 

3. Practice Writing a Math Argument: Consider the function (𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
 . Based on 

your experiences with pre-calculus, describe the behavior of this function: (a) End 

behavior or horizontal asymptote, (b) vertical asymptote(s), and (c) holes. 

https://montana.techsmithrelay.com/OOl9
https://montana.techsmithrelay.com/OOl9
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The goal of this second set of prompts was to push students to learn the characteristics of 

a productive mathematical post that contains a claim, data, and warrant. Also, the instructor 

asked students to practice writing a mathematical argument using the mathematical task in the 

last question of the above prompts. The researcher and instructor went through each student’s 

post(s) to determine if they understood a productive mathematical post. We noticed students 

were struggling to meet our expectations of effectively communicating their mathematical 

thinking in online discussions. For instance, students posted a mathematical claim without 

providing any data or evidence to support the claim, or they posted a mathematical claim and 

evidence without a warrant to justify how the evidence supported their claim. 

Consequently, the third week’s discussion helped tie loose ends by delving more into 

writing mathematical arguments in posts that met expectations of the course. The instructor 

provided an example post about the pre-calculus mathematical task from the second week to help 

students understand the characteristics of a mathematical post that included a claim, data, and 

warrant. Figure 1 shows the example provided by the instructor. 

From precalculus, I know that the function 𝑓(𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
 has a hole at 𝑥 =  −1 because 

of the common factor of (𝑥 + 1) in the numerator and denominator. There is a hole in the 

graph because a value of 𝑥 =  −1 would result in a 0 in the denominator, so -1 is not in the 

domain of the function (making the hole). In the language of calculus, we have been learning 

about limits and continuity. In this example, we can discuss the hole at 𝑥 =  −1 through limits 

as lim
𝑥→−1

𝑓(𝑥) =
−9

2
. However, 𝑓(−1) does not exist. Therefore, the function is not continuous 

at 𝑥 =  −1 based on the definition of continuity (on page 80 of the textbook). 

Figure 1: Example of mathematical argument 

In the third week, students were asked to respond to the following prompts: 
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1. Revisit the Practice Argumentation prompt from last week. In your initial post, make sure 

to include a claim, data/evidence, warrant, and adhere to mechanics. Review the 

Productive Math Discussions Video as needed. 

2. Practice Writing a Math Argument: Consider the function 𝑓(𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
. Based on 

your experiences with pre-calculus, describe the behavior of this function: (a) End 

behavior or horizontal asymptote, (b) vertical asymptote(s), and (c) holes. 

The purpose of week 3 discussion prompts was to allow students to compare their posts 

from the previous week to the example provided by the instructor and revise their first attempt. 

After week three, the instructor and researcher observed that students’ posts either contained  

1) claim, data and warrant, or  

2) claim and data 

Table 3 provides information on the discussion prompts and the associated weekly topics 

for the entire semester. 

Table 3: Weekly discussion prompts 

Week Intended 

purpose 

Prompt asked 

1 Characteristics 

of 

mathematical 

discussion post 

In your opinion, what are essential components to productive 

online mathematical conversations? 

In your opinion, what are important characteristics of productive 

responses/replies in online discussion forums? 

You are responding to a classmate’s post about a trig identity 

proof. Give an example of an unproductive reply to your 

classmate. Why is it unproductive? 

 

2 Further 

elaboration of 

characteristics 

of 

mathematical 

discussion post 

In your own words, explain the importance of a claim, 

data/evidence, and warrant in an initial post to our online 

discussions. 

What questions do you have about the content of a discussion 

post (or reply)? 
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Practice Writing a Math Argument: Consider the function (𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
 . Based on your experiences with pre-calculus, 

describe the behavior of this function: (a) End behavior or 

horizontal asymptote, (b) vertical asymptote(s), and (c) holes. 

 

3 Writing a 

mathematical 

argument  

Revisit the Practice Argumentation prompt from last week. In 

your initial post, make sure to include a claim, data/evidence, 

warrant, and adhere to mechanics. Review the Productive Math 

Discussions Video as needed. 

Practice Writing a Math Argument: Consider the function 

𝑓(𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
. Based on your experiences with pre-

calculus, describe the behavior of this function: (a) End behavior 

or horizontal asymptote, (b) vertical asymptote(s), and (c) holes. 

 

   

4 Change & 

changes in 

amount of 

change  

In the relationship between the height of a thrown object, h and 

the time in seconds from the instant the object was thrown, t the 

amounts of change in h decrease by the same value for equal 

changes in t. Denote ∆ℎ as the change in h and ∆t as the change 

in t, then the relationship can be restated as:  

 

For equal changes in ∆ℎ, ∆t decreases by k. 

 

Use ∆t = 0.1 and k = 0.25 with ℎ(0) = 6 to sketch the graph of 

the relationship between h and t. 

 

Explain the shape of your graph. Be sure to provide data and 

warrants based on the nature of the relationship described above. 

Why does your graph exhibit increasing/decreasing/constant 

behavior? 

Why does your graph have a minimum/maximum? 

What aspects of your graph would be different and what would 

stay the same if we changed the values provided in prompt 1? 

 

5 Cumulative 

evaluation 

discussion 

(focused on 

limit definition 

of derivative)  

Share your rough-drafting thinking about problem 19 from the 

Problem Set for Cumulative Evaluation 1 in your initial post 

by Tuesday (11:59pm, MST). Make sure to follow conventions 

from Productive Math Discussions and include a claim, data, 

warrant, and attend to mechanics of writing/sharing. 

 

Reply to at least 2 others by Thursday (11:59pm, MST) and 

continue the conversations through Friday (11:59pm, MST). 
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6 Derivative & 

continuity 

 

 

7 Derivative  The Week 6 DF presented you with the graph of a function and 

asked you to think about its derivative at certain locations as well 

as the derivative as a function. Doing so promoted a way of 

thinking about derivative as the slope of the line tangent to the 

graph of the function at every point along the domain. 

 

Another productive way of thinking about derivatives is as the 

rate of change in one quantity with respect to infinitesimally 

small changes in another quantity (i.e., instantaneous rate of 

change). 

 

Consider the Ferris Wheel in this video and how the two 

quantities 

Height of green cart above ground, and 

Total distance the green cart travels change together. 

 

Sketch a graph of the relationship between these two quantities. 

Explain why the graph exhibits its shape and behavior and how 

you reasoned about [instantaneous] rates of change to produce it. 

Note 1 - Time is not one of the quantities in this 

investigation. 
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Note 2 - The video is intended to be smooth, not glitchy, 

you may assume the wheel spins fluidly. 

 

Make your initial posts by Tuesday (11:59 pm, MST) and 

respond to at least 2 others by Thursday (11:59 pm, MST). 

Continue conversations within your initial thread through Friday. 

 

8 Related Rates  Provide reasoning to support the work being conducted at each 

step. Recall, reasoning includes information about WHY the step 

makes sense and what is being done. 
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Make your initial posts by Wednesday (11:59 pm, MST) and 

reply to at least 2 others by Friday (11:59 pm, MST). Be sure to 

also use this space to collaborate on related rates problems. This 

is an essential idea in calculus - In fact, these types of problems 

are one of the reasons calculus was created in the first place! 

 

9 Equation of 

tangent line  
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10 Related rates Work through problem 22 as your initial post by Wednesday 

(11:59 pm).  

 
Then respond to atleast 2 others through the week.  

 

11 Derivative 
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Throughout the online Calculus I course, students were strongly encouraged to 

communicate their mathematical work with written explanations and mathematical justification. 

The other components of the course (cumulative evaluation, quizzes or worksheets, and projects) 

provided more opportunities for students to demonstrate their work and reasons or explanations 

showing characteristics of mathematical argumentation (e.g., claim, data and warrant). In 

13 Derivative  
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addition, the scoring rubric used in this class (Appendix A) was designed to motivate students in 

providing mathematical work with justifications and explanations. For instance, a mathematical 

explanation or justification was considered exemplary if students explained their mathematical 

reasoning in-depth instead of only listing properties used to move from one step to another. 

Additionally, a correct answer without justification or explanation was scored as “no credit.” 

Participants  

The participants for the study were a subset of students enrolled in the online Calculus I 

course at this university during Spring 2021. I recruited participants using a video presentation. 

The video presentation was made accessible to all students enrolled in the two online sections 

through D2L. The video described the goals, setting, and significance of the study. It further 

explained that the study would be conducted throughout the course and that students might be 

asked to participate in virtual interviews. I informed students that participation in this research 

was voluntary and participation or non-participation would not affect their grades in any way. I 

also explained that their identities would be protected in accordance with IRB guidelines. I 

provided students a Google form link that included a participant consent form and an initial 

demographic survey. I asked all students in the online Calculus I course who were willing to 

participate to fill out the two online forms. 

Twenty-three students of the 54 enrolled agreed to participate in this study. Of those who 

agreed to participate, eight students identified as women and fifteen identified as men. Students 

either identified as men or women in this study: however, the option for indicating gender 

identity was an open-response item on the demographic survey. Students self-selected the course 

section into which they registered. Most indicated that they chose the online section because of 



52 

 

the flexibility to learn the material at their own pace and time; ten students indicated that this 

calculus course was their first online class. Students reported major areas of study in the 

following disciplines: computer science, industrial/ system engineering, snow science, 

mechanical engineering, microbiology, physics, political science, chemistry, electrical 

engineering, environmental science, fish/wildlife, kinesiology, and paleontology. All participants 

indicated that they intended to take Calculus II the following semester. 

Overview of Data Collection and Analysis  

I designed this study to investigate students’ engagement experiences in an asynchronous 

online Calculus I course. I used multiple data collection methods to generate sufficient data 

documenting students’ experiences and constructs essential to this study to achieve this 

objective. In this study, I used four primary sources of data collection, namely: 1) Initial 

demographic survey (Appendix B), 2) Interviews (Appendix C), 3) D2L count features, and 4) 

D2L discussion posts. 

Collectively, I analyzed data from these sources to achieve the purpose of the study. 

Table 4 represents the research questions and the different data collection techniques used to 

address each of the questions. I describe the procedures for collecting and analyzing data from 

each instrument in detail below. 

Table 4: Alignment of research question to data collection and analysis 

Research Question Data Collection Data Analysis 

What are the behavioral 

aspects of student 

engagement evident in the 

ways students attend to the 

course and the course 

requirements?  

D2l discussion posts 

Interviews  

Demographic survey 

Multiple coding cycles 
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What are the cognitive 

aspects of student 

engagement evident in 

students’ written arguments 

and contributions to 

asynchronous online 

discussions?  

D2l discussion posts 

Interviews 

Demographic survey 

Multiple coding cycles 

Toulmin argumentation 

What are the social aspects of 

student engagement evident 

in the ways students interact 

with each other in the online 

course?  

D2l count features 

Interviews 

Demographic survey 

Multiple coding cycles 

Swan’s Coding Scheme 

Social Network Analysis 

 

 

Initial Demographic Survey  

Before administering the initial demographic survey (Appendix B), I submitted an IRB 

application in the Fall semester of 2020. After IRB approval, I administered the initial 

demographic survey through a Google Form and accessible to all students in both sections of the 

online Calculus I through D2L. I sent the initial demographic survey to all students during the 

first two weeks of the Spring 2021 semester. I compensated students who agreed to participate in 

this study with a $5 gift card for their time. The initial demographic survey had open-ended 

questions documenting each student’s name, gender identity, race/ethnicity, and past experiences 

in mathematics classrooms. The survey included open-ended questions like, “Please describe 

your gender identity” and “Please describe your experiences while working in groups and pairs.” 

Students completed the initial demographic survey by the sixth week of the course.  

The purpose of the survey was to provide background information that might be useful in 

interpreting the findings from the other data sources. The survey was web-based and recorded 
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into a Google Spreadsheet. I transferred the Google Spreadsheet into an Excel sheet to track and 

organize each student’s information to provide a general snapshot of all the participants. 

Interviews  

For a phenomenological study, the process of collecting information involves interviews 

(see also the discussion about the long interview in McCracken, 1988) with as many as ten 

individuals (Creswell & Poth, 2018). According to Creswell and Poth (2018), the critical point is 

to describe the characteristics of the phenomenon for a small number of individuals who have 

experienced it through interviews. Accordingly, in this study, a semi-structured in-depth 

interview was employed for collecting data. I sent an invitation for a virtual interview through an 

email to all students who participated in the initial demographic survey. The interview took place 

via WebEx through May and June 2021 after the course ended. Each interview lasted for an 

average of 60 minutes. Of the twenty-three students invited, only six students agreed and 

participated in the virtual interview—five of the interviewees identified as men and one 

identified as a woman. I compensated students who agreed and participated in the virtual 

interview with a $30 gift reward. 

Before the scheduled interviews, I reviewed all interview questions with two faculty 

members who are experts in qualitative research. In these meetings, we reviewed the interview 

questions based on literature and the purpose of this study. Additionally, we discussed how to 

probe and when to probe during an interview. The meetings included training the researcher on 

interviewing techniques such as asking the exact questions from the interview protocol, 

respectfully asking questions, avoiding implying what may constitute an “appropriate” answer, 

recognizing how to maintain the focus of the interviewee, and knowing how to respond when a 
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participant was unclear. We participated in role-playing by conducting a sample interview and 

practiced effective ways of probing. 

The goal of the in-depth interviews was to collect data about participants’ engagement 

experiences during the online calculus class. For this reason, I asked questions to get as much 

detail as possible from the participants about their experiences and followed the format in 

Appendix C. I used Spradley’s (1979) notion of “grand tour questions”—open-ended questions 

that put participants at ease because they could respond with as much depth and detail as they 

felt comfortable sharing. Open-ended questions work well in eliciting in-depth descriptions of 

students’ experiences during interviews (Holloway & Jefferson, 2013). More specifically, open-

ended questions (for example, Can you tell me a story about a time when you interacted or 

exchanged ideas with other students while working on a mathematical task) invited interviewees 

to describe an in-depth incidence(s) or event(s) that contributed to their learning experiences 

through interactions. Additionally, I asked follow-up questions to elicit thick descriptions 

(Geertz, 1973).  

To ensure consistency in the data collected across participants, participants answered the 

same questions during the interviews. The interview protocol has questions covering three 

subcomponents, namely: 1) background/perceptions of the course, 2) learning processes, and 3) 

discussion boards/interactions. Interviews were recorded and transcribed verbatim. The interview 

transcripts were coded multiple times for emerging information concerning students’ 

engagement experiences. Coding is the process of organizing data in chunks that are then 

organized into categories and labeled with a relevant theme or code (Creswell, 2013). I began 

analysis of the interviews by writing a post-interview memo that describes my impressions 
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immediately after each interview. I read the interview transcripts multiple times. I conducted the 

first read through to become familiar with the interviews before coding began. For the second 

time, I coded the interviews based on engagement indicators (shown in Table 5). During the third 

time, I began organizing and analyzing themes that emerged when students described their 

experiences in this online Calculus I course. Based on the research questions and analysis of 

discussion posts, I organized data according to three primary categories: behavioral, cognitive 

and social components. An example of a subcategory found under the category “cognitive” was 

“the impact of videos.” I looked more closely at how students discussed how the instructional 

videos provided by the course coordinator influenced students’ cognitive engagement. For 

instance, students explained that the “videos were helpful.” Additionally P1 indicated that 

although the videos were sufficient enough to understand the concepts, he would prefer more 

videos in the future. After analyzing students’ interview transcripts, I integrated the findings to 

support or contradict themes that emerged from analyzing D2L discussion posts. In this regard, 

the interviews served a supportive role to the themes that emerged while analyzing D2L 

discussion posts.  

Table 5: Codebook for coding potential indicators of engagement 

Dimension Indicator Examples 

Behavioral Engagement Student behaviors Following instructions such 

as creating an initial post and 

replying to at least two of 

their colleagues’ posts. 

 

Cognitive Engagement Students’ cognition Thinking deeply  

Connecting new ideas to 

existing knowledge. 

Concentration and focusing 

on mathematical ideas. 
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Social Engagement Students’ interactions Interactions with other 

students. 

D2L Count Features 

For this study, I relied heavily on features of D2L to describe the behavioral aspect of 

students’ engagement. For example, D2L tracks the number of posts by students and the course 

progress of each student. Figure 2 shows the number of initial and reply posts for one student 

known as P1 for the duration of data collection.  

 

 

Figure 2: Number of initial and reply posts by P1 

These features align with the indicators of students’ behavioral engagement as 

documented in the literature. For instance, Wang et al. (2016) used students’ participation in 

classroom discussions to document behavioral engagement. Hence, I used the number of initial 

posts and number of reply posts to describe students’ behavioral engagement. 

D2L Discussion Posts  

Participants’ discussion posts were analyzed using thematic analysis to examine their 

cognitive and social engagement. A single post representing a complete collection of each 

participant’s thoughts served as a unit of analysis. I created a predetermined coding scheme 
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based on engagement and online discussion literature. In the following few paragraphs, I provide 

more details.   

Cognitive Engagement. Nussbaum (2002) studied discourse in online settings and noted 

that teachers need to scaffold discourse, which later became known as argumentation. 

Steinkuehler and colleagues (2000) claimed that the shift towards argumentation in online 

settings allowed for more justification statements. Likewise, through argumentation in online 

environments, students have become better at making connections, extending content, and 

critical thinking (Ferdig & Roehler 2004). Additionally, argumentation in online discussion 

forums has allowed students to explain and defend their principles and take an interest in 

responding to and critiquing the ideas of others in the discussion (Clarke & Sampson, 2007). In 

conclusion, online discussion can be used to develop argument structures that allow learners to 

develop and use higher order thinking skills. 

I employed Toulmin’s argumentation model to document students’ cognitive 

engagement. As shown in Figure 3, there are six primary components of an argument: claim, 

data, warrant, backing, rebuttal, and qualifier, according to Toulmin (1958/2003). The claim is 

the central assertion of the argument that is backed by data. The data or grounds are the 

supporting evidence that makes a claim valid. The warrant is a statement that connects the claims 

to the data. The backing provides more justification for the warrant when the consensus among 

discussants is not achieved through the previous components. The rebuttal establishes what may 

be unacceptable about the core of an argument. The qualifier shows that a claim may not be valid 

in all circumstances. For instance, words like “chances are” help an arguer convince the audience 
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that there are instances where claims may not be correct.

 

Figure 3: Toulmin’s (1958/2003) model of argumentation 

This model has been successfully used to analyze arguments in a variety of subjects, 

including the sciences (e.g., Becker et al., 2013; Cole et al., 2011), college mathematics (e.g., 

Stephan & Rasmussen, 2002; Rasmussen et al., 2009) and high school science (e.g., Sampson & 

Clark, 2009). The examples below show how Toulmin’s argumentation model provided 

information about students’ cognitive engagement. In week 3, students were asked to respond to 

the following prompt, 

Practice Writing a Math Argument: Consider the function 𝑓(𝑥) =
3(𝑥−2)(𝑥+1)

(𝑥+1)(𝑥−3)
. Based on 

your experiences with pre-calculus, describe the behavior of this function: (a) End 

behavior or horizontal asymptote, (b) vertical asymptote(s), and (c) holes. 

 

In the response to week 3’s prompt, P16 posted that, 

From my understanding of limits, the limit of F(x) as x approaches negative infinity 

approaches the horizontal asymptote. From pre-calculus, the horizontal asymptote 

of an equation where the degree is the same in the numerator and denominator is 

simply y equals the leading coefficients (y=3). Because of this, as F(x) approaches 
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negative infinity the limit approaches three and as F(x) approaches positive infinity 

the limit approaches three. 

First, the post above was coded as containing a claim, data, and warrant because P16 

makes a claim (C) that the function has a horizontal asymptote at y=3 and then adds a datum (D) 

that this is true because lim
𝑥→∞

𝐹(𝑥) and lim
𝑥→−∞

𝐹(𝑥) are 3. He then adds a warrant (W) to support 

the data by writing that “from precalculus, the horizontal asymptote is also the leading 

coefficient of the numerator which is also 3 and hence lim
𝑥→∞

𝐹(𝑥) and lim
𝑥→−∞

𝐹(𝑥) must be 3.” In 

this post coded for including CDW, P16 demonstrated his cognitive engagement about F(x)’s 

behavior through the use of calculus to make connections between limits and previous 

precalculus knowledge.  

Additionally, posts that were coded strictly CD, meant that the post contained both a 

claim about a mathematical idea and added data to support the claim; however an explanation for 

why the data validates the claim – a warrant – was not provided. The following is an example of 

a post by P9 that I coded as CD,  

There will be a Horizontal Asymptote at y = 3 which can easily be seen on a graph 

however can also be Mathematically by taking the coefficient of the highest degree 

of the numerator.  

P9’s post was coded as CD because he makes an assertion about the horizontal 

asymptote; by stating that it is y = 3 (C) and then added data (D) to support the assertion. 

Specifically, P9 shares that information about the horizontal asymptote can be obtained taking 

the coefficient of the highest degree terms from the rational function. In this post coded as CD, 

P9 demonstrated his cognitive engagement by employing part of a mathematical argument. 

In conclusion, I analyzed each post according to the components of arguments present to 

describe the students’ cognitive engagement (as shown in Table 6). For posts that did not include 
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any components of argumentation, I do not have evidence of students’ cognitive engagement. 

Figure 4 shows how I organized and coded each post in an Excel sheet using Toulmin’s 

argumentation model. 

Table 6: Codebook for coding cognitive engagement 

Code Description 

Claim (C) The main assertion of the argument. 

 

Data (D) The supporting evidence that makes the claim valid. 

 

Warrant (W) The statement that connects the claims to the data. 

 

Rebuttal (R) Establishes what may be unacceptable about a claim. 

 

Backing (B) Provides more/additional justification for the warrant. 

 

Qualifier (Q) Shows that a claim may not be true in all circumstances. 

 
Figure 4: Example of code book for discussion posts 

Cognitive Demand of Weekly Tasks. While it was not the focus of this study to analyze 

the cognitive demand of weekly discussion prompts, I found that the cognitive demand of 

discussion prompts potentially influenced the nature of students’ cognitive engagement. Hence, 



62 

 

there was the need to categorize the cognitive demand of the weekly prompts. Smith and Stein 

(1998) defined levels of cognitive demand as memorization, procedures without connections, 

procedures with connections, and doing mathematics. Memorization and procedures without 

connections are categorized as having low-cognitive demand, while procedures with connections 

and doing mathematics are categorized as high-cognitive demand. Using Smith and Stein’s 

(1998) framework, I categorized the intended cognitive demand of the weekly prompts. I provide 

two examples of how I categorized each week’s discussion prompts in the following paragraphs.   

The prompt for week 4 (please see Table 3 for specific prompt) was categorized as low-

cognitive demand task because the prompt required students to analyze features of a given 

function using standard routines and procedures. More specifically, the task was algorithmic in 

nature. Students were expected to find the horizontal asymptote, vertical asymptote and the holes 

of the given function using ideas from precalculus. In this regard, there was little ambiguity 

about what needed to be done. Additionally, although students were required to explain their 

thoughts, the explanations focused solely on describing the use of the procedures in solving the 

prompts. Smith and Stein (1998) describe low cognitive demand tasks as those that involve 

procedures that are either specifically called for or those used based on prior experience and have 

little ambiguity. Hence, using Smith and Stein’s (1998) framework, this task falls within the 

category of low-cognitive demand. 

On the other hand, the prompt for week 7 (please see Table 3 for specific prompt) was 

categorized as high-cognitive demand task because the prompt required the use of multiple 

mathematical ideas. In week 7, students were required to watch the Ferris Wheel video and then 

sketch the graph of the relationship between the height of the green cart above ground and total 
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distance traveled around the wheel by the green cart. Additionally, students were required to 

explain the shape of the graph in relation to instantaneous rates of change. Since the task was 

complex and non-algorithmic, Smith and Stein (1998) describe such a task as high-cognitive 

demand. Moreover, the task required students to explore and understand the nature of 

mathematical relationships between the two quantities and make connections between 

instantaneous rates of change and the shape of a graph. Hence, using Smith and Stein’s (1998) 

framework, this task falls within the category of high-cognitive demand. 

Of the ten weeks of discussion, seven weekly prompts were categorized as high-cognitive 

demand and the remaining as low-cognitive demand. Other researchers have demonstrated how 

the cognitive demand of tasks can be changed because of decisions and actions made by teachers 

while implementing tasks with students (Hong & Choi, 2016; Wickstrom & Aytes, 2018). For 

instance, Wickstrom and Aytes (2018) contend that allowing students to discuss their 

mathematical ideas during mathematical modelling helps preserve the intended cognitive 

demand of mathematical modelling tasks. In this course, the instructor allowed students to have 

discussions without interruptions. For example, the instructor stayed out of the online discussions 

until all students had made initial posts and gave feedback privately through D2L. Additionally, 

students were not able to see their peers’ initial posts until after creating a post of their own. 

Together these strategies worked to preserve the original cognitive demand of weekly discussion 

prompts because students were the only ones interacting with the mathematical tasks. Table 7 

summarizes the intended cognitive demand for each week’s discussion. 
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Table 7: Cognitive demand for weekly discussions  

Weekly Prompts Cognitive demand of Tasks Rationale 

Week 3 Low-cognitive demand task involving 

procedures without connections 

Students analyzed features 

of a function using 

standard routines. 

 

Week 4 High-cognitive demand involving 

procedures with connections 

Students analyzed 

graphical relationship 

between variables using 

conceptual ideas as 

opposed to narrow 

algorithms. 

 

Week 5 Low-cognitive demand involving 

procedures without connections 

Students computed 

derivatives of function 

using standard routines 

. 

Week 6 High-cognitive demand involving 

procedures with connections 

Students analyzed 

derivatives of a graph using 

conceptual ideas. 

 

Week 7 High-cognitive demand involving doing 

mathematics 

Using multiple conceptual 

ideas, students analyzed the 

graph of the relationship 

between two quantities. 

Required no algorithmic 

thinking. 

 

Week 8 Low-cognitive demand involving 

procedures without connections 

Students analyzed concepts 

of derivative following a 

standard approach. 

 

Week 9 High-cognitive demand involving doing 

mathematics 

Students analyzed the 

equation of tasks without 

the use of algorithmic 

thinking. 

 

Week 10 High-cognitive demand involving 

procedures with connections 

Students analyzed concepts 

of derivatives using 

multiple conceptual ideas. 

 

Week 11 High-cognitive demand involving 

procedures with connections 

Students explored concepts 

of derivatives using 

multiple conceptual ideas. 
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Week 13 High-cognitive demand involving 

procedures with connections 

Students explored concepts 

of derivatives using 

multiple conceptual ideas. 

 

Social Engagement. In the online context, researchers often conceptualize social 

engagement as social presence. The foundation of social presence originated in 

telecommunication, where Short, Williams, and Christie (1976) initiated the concept of social 

presence and defined it as “the degree of salience of the other person in the interaction and the 

consequent salience of the interpersonal relationship” (p. 65). In other words, social presence is 

defined as participants feeling a part of a community and developing a sense of community. 

According to Garrison and Anderson (2003), a social presence is an essential factor, and 

researchers have conceptualized this construct in many ways (Gunawardena, 1995). Some 

researchers have studied how students project themselves as “real people” (Garrison et al., 2000 

p. 89), that is, how learners develop their social presence. Similarly, Rourke et al. (2001) 

examined learners’ use of humor or expression of emotions (affective indicators), questions or 

the quotation of other messages (interactive indicators), and the use of salutations and inclusive 

pronouns (cohesive indicators) as means of conceptualizing social interactions in an online 

setting. Swan and Shih (2005) expanded these definitions. They described affective responses as 

“personal expressions,” cohesive responses as “communication behaviors that build and sustain a 

sense of group commitment,” and interactive responses as “behaviors that provide evidence that 

others are attending” (p. 117). No matter the definitions of social presence, researchers have 

agreed that online social presence involves student-to-student interactions within an 

asynchronous online environment (Gunawardena & Zittle, 1997; Roberson & Klotz, 2002).  
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Following researchers’ recommendations involving social presence in online discussions, 

I defined the unit of analysis as a single post and coded each post as a whole (Akyol & Garrison, 

2011; Garrison et al., 2006; Simonsen et al., 2009). Each post could have multiple codes; for 

example, one post could be marked as having both cohesive and interactive presence, similar to 

the processes used by Richardson and Ice (2010). Using a single post as the unit of analysis had 

several advantages; the start and the end of the unit were clear, the dataset was more manageable 

than if the unit of analysis had been a word or line, and the parameters were determined by the 

author of the message and not the researcher (Rourke et al., 2001). 

To guide the analysis of social presence, Swan (2002) developed a codebook which has 

three categories: 

▪ Indicators of affective presence are emotions, values, humor and self-disclosure (refer 

to Table 8 for details).   

▪ Indicators of cohesive presence are greetings and salutations, group references, social 

sharing (refer to  

▪ Table 9 for details). 

▪ Indicators of interactive presence are approvals, agreement/disagreement, 

acknowledgements, invitations, and personal advice (refer to Table 10 for details).  

Table 8: Affective indicators adopted from Swan (2002) 

Indicator Definition Examples Supporting sources 

Paralanguage (PL) Features of text 

outside formal syntax 

to convey emotion 

(i.e. emoticons, 

exaggerated 

punctuation or 

spelling) 

Someday… … :How 

awful for you      

Mathcad is definitely 

NOT stand-alone 

software: 

Absolutely!!!!!!!!  

Bussman (1998); 

Poole (2000); Rourke 

et al. (2001)  
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Emotion (EM) Use of descriptive 

words that indicate 

feelings (i.e. love, 

sad, hate, silly) 

When I make a 

spelling mistake, I 

look and feel stupid; I 

get chills when I 

think of …. 

 

Swan (2002) 

Value (VL) Expressing personal 

values, beliefs and 

attitudes  

I think that it is a 

necessary evil; I feel 

our children have the 

same right 

  

Swan (2002) 

Humor (H) Use of humor- 

teasing cajoling, 

irony, sarcasm, 

understatement 

  

God forbid leaving 

your house to go to 

the library  

Eggins and Slade 

(1997); Poole (2000) 

Self-disclosure (SD) Sharing personal 

information, 

expressing 

vulnerability  

I sound like an old 

lady; I am a closet 

writer; We had a 

similar problem 

Cutler (1995); Poole 

(2000); Rourke et al. 

(2001)  

 

Table 9: Cohesive indicators adopted from Swan (2002) 

Indicator Definition Examples Supporting sources 

Greetings and 

Salutations (GS) 

Greetings and closure  Hi Mary: That’s it for 

now, Tom 

Poole (2000); Rourke 

et al. (2001)  

Vocatives (V) Addressing 

classmates by name  

You know, Tamara, I 

totally agree with you 

Katherine  

 

Christenson and 

Menzel (1998); 

Gorham (1998) 

Group Reference 

(GR) 

Referring to the 

group as ‘we,’ ‘us,’ 

‘our’ 

We need to be 

educated; Our use of 

the internet may be 

not be free 

 

Rourke et al. (2001) 

Social Sharing (SS) Sharing information 

unrelated to the 

course  

 

Happy Birthday! To 

both of you  

Rourke et al. (2001) 

Course Reflection 

(RF) 

Reflection on the 

course itself 

A good example was 

the CD-ROM we 

read about  

Swan (2002) 
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Table 10: Interactive indicators from Swan (2002) 

Indicator Definition Examples Supporting sources 

Acknowledgement 

(AK) 

Referring directly to 

the content of others’ 

messages; quoting 

from others’ 

messages  

 

Those old machines 

sure were something;  

agree that it is the 

quickest way  

Rourke et al. (2001) 

Agreement/ 

disagreement (AG) 

Expressing 

agreement or 

disagreement with 

others’ messages 

I am with you on 

that; I agree; I think 

what you are saying 

is so right 

 

Poole (2000); Rourke 

et al. (2001)  

Approval (AP) Expressing approval, 

offering praise, 

encouragement 

You make a good 

point: Right on: Good 

luck as you continue 

to learn  

 

Swan (2002) 

Invitation (I) Asking questions or 

otherwise inviting 

response 

Any suggestions?; 

Would you describe 

that for me, I am 

unfamiliar with the 

term  

 

Rourke et al. (2001) 

Personal advice (PA) Offering specific 

advice to classmates 

Also CEC website 

might have some 

references  

Swan (2002) 

 

Social Network Analysis (SNA). In 1950, Barnes, an anthropologist, first coined the 

term social network to describe the social relations in a fishing community in Norway (Cela et 

al., 2014). It quickly grew as one of the first non-mathematical fields to apply graph theory 

(Scott, 2000). As a matter of fact, SNA research in online learning has grown enough such that 

synthesis and meta-analyses are available in the literature (Garbrick & Clariana, 2015). Social 

network analysis (SNA) provides another way to visualize otherwise invisible interactions. In 

fact, very large networks like Twitter and Facebook are analyzed using SNA. Although the 
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networks in this study are very small in comparison, they can still be analyzed using social 

network analysis techniques.  

In this study, I used SNA to visualize the interactions between participants as a social 

network. More specifically, I used UCINET, a specialized social network analysis tool, to create 

a visual representation of the different types of interactions that emerged over every week. For 

each week, using Excel, I made an adjacency matrix (as shown in Figure 5) and imported the 

data into the UCINET software. An adjacency matrix is a square matrix that lists the participants 

in a network in both the rows and the columns of the matrix and “records information about the 

ties between each pair of participants.” (Hannerman & Riddle, 2011 ch.5).

 

Figure 5: Adjacency matrix for week 10 

As shown in Figure 5, I recorded a 1 in the row or column of a cell to indicate a tie or 

link between each pair of participants or 0 (or empty space) to indicate no relationship between 

participants. Within the adjacency matrix, the order matters. For example, if P4 replies to P7’s 

initial post, then in the cell connecting P4 and P7, I would input a 1 in P4’s row. However, in the 

cell connecting P7 and P4, I would leave P4’s column empty (same as zero) if P7 did not 

respond to P4’s reply (i.e., the cells become asymmetric with a value of 1 and 0). In the SNA 
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diagram, this scenario would result in a red unidirectional arrow from P4 to P7 (refer to Figure 

6). Alternatively, if P12 sends a reply to P10’s initial post and P10 replies P12, then in the cells 

connecting P10 and P12, I would record a 1 in both P10 and P12’s rows (i.e., the cells become 

symmetric with a value of 1). This scenario would yield a blue bidirectional arrow between P10 

and P12 (see Figure 6 as an example). 

Additionally, it is possible for a cell connecting the same two participants to have a value 

of 2 in a row or column of an adjacency matrix (i.e., asymmetric cells with a value of 1 and 2). 

For example, if P12 sent a follow-up reply to P10’s reply, then in the cell connecting P10 and 

P12, I would input a 2 in P12’s row. However, it was rare to have symmetric cells with a value 

of 2 in the adjacency matrix. In fact, aside from weeks 3 and 8, most cells had values of either 0 

or 1. More specifically, there was an instance of having symmetric cells with a value of 2 in 

week 3. For week 8, there were two instances of having symmetric cells with a value of 2. 

After creating the adjacency matrix for each week, I imported the Excel data into the 

UCINET software to generate social network diagrams for the interactions between participants. 

For example, Figure 6 shows a social network analysis of online discussions between students in 

week 10.  
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Figure 6: SNA diagram for week 10 

▪ Green nodes---- conversations between different threads 

▪ Magenta nodes---conversations between same threads 

Red Edges--- One-way interactions  

Blue Edges--- Two-way interactions 

 

In this network, I denote each student by a green or magenta square called a node. The blue bi-

directional arrows indicate reciprocal interaction, whereas non-reciprocal interactions are 

denoted in red. The arrows that connect the participants are referred to as ties, and the direction 

of the arrows indicates messages sent or received. For example, in Figure 6, P21 sent a message 

to both P20 and P16. In this network, P21 and P20 have a reciprocal tie. Similarly, P21 and P16 

have a reciprocal tie as well. 

Additionally, a blue bi-directional arrow between two magenta nodes indicates a 

reciprocal tie within a single thread. Otherwise, the interaction occurred across different threads. 
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For example, in Figure 6, P12 and P10 have a reciprocal tie within the same thread. P1 does not 

have any interactions in the network and hence is referred to as an isolate (Wilging, 2005). 

Furthermore, isolates made an initial post but did not receive or send a reply to other students. 

Finally, students who did not post anything are not represented in the SNA diagrams.  

In this study, I used the social network analysis to document the patterns of online 

interactions that occurred within this Calculus I course. For example, in Figure 6, I observed two 

different types of interactions: one-way interactions and two-way interactions within the same 

thread. In this network, most of the interactions followed a one-way interaction instead of a  two-

way interaction. One-way interaction was evident because there were more red unidirectional 

edges than blue bidirectional edges between participants, implying students tended to interact by 

sending replies to other students’ posts without receiving a response in return. 

In conclusion, I used Swan’s (2002) coding schema and the social network diagram to 

describe the nature of students’ social engagement. Additionally, I used Toulmin’s (1958/2003) 

argumentation model to describe the nature of students’ cognitive engagement experiences. In 

the next chapter, I discuss the results, analysis, and discussions.  

 

  



73 

 

CHAPTER FOUR 

RESULTS, ANALYSIS, AND DISCUSSION  

 

This chapter reports on the results obtained through qualitative analyses of weekly 

discussion posts, student interviews, and initial demographic surveys. To begin, the first sub-

research question (i.e., what are the behavioral aspects of student engagement evident in the 

ways students attend to the course and the course requirements?) is discussed. This provides a 

glimpse of students’ participation in weekly discussion as a lens for how students interacted with 

the course. Next, the second sub-research question (i.e., what are the cognitive aspects of student 

engagement evident in students’ written arguments and contributions to asynchronous online 

discussions?) is addressed. This provides a response to the cognitive aspects of students’ 

engagement experiences. Then, I discuss the third sub-research question (i.e., what are the social 

aspects of student engagement evident in the ways students interact with each other in the online 

course?).  Finally, I discuss the overarching research question (What is the nature of students’ 

engagement?). This provides an analysis of the relationship between students’ social and 

cognitive engagement experiences. 

Nature of Students’ Behavioral Engagement Experiences  

As noted in chapter 3, the indicators of behavioral engagement include the number of 

posts created during weekly discussions. Recall the instructor expected students to make an 

initial post, reply to a minimum of 2 posts, and then continue the conversation in their thread 

through the week. In the first three weeks (i.e., weeks 3, 4, and 5) of data collection focused on 



74 

 

the concepts of limits and derivative, nearly 100% of the participants made an initial post to 

weekly prompts. Hence, students’ initial posts were more numerous in the first three weeks (i.e., 

weeks 3, 4, and 5) of the data collection, with an average number of 21 initial posts per week. In 

comparison, the average number of initial posts after week five was 18 per week. Similarly, 

regarding replies, students’ posts were more numerous in the first three weeks (i.e., weeks 3, 4, 

and 5), with an average number of reply posts of 46 per week. In contrast, the average number of 

replies after week five was 32 per week. Nonetheless, the number of reply posts were between 32 

and 49 per week throughout the ten weeks of discussion.  

At the course level, on average, 80% of the participants at a minimum, contributed an 

initial post addressing the weekly discussion prompts. Table 11 summarizes the total number of 

postings (including initial and reply posts) for the weeks focused on concepts of limits and 

derivative.  

Table 11: Breakdown of the number of postings by week 

Week Number of Initial Posts Number of Reply Posts 

Week 3 23  41 

Week 4 20 49 

Week 5 21 46 

Week 6 18 34 

Week 7 19 40 

Week 8 21 40 

Week 9 19 38 

Week 10 17 32 

Week 11 18 36 

Week 13 16 37 

 

In other ways, however, participation was not consistent. For example, students varied 

considerably in their posting length tendencies, with some routinely posting very long and 



75 

 

thorough responses, while some were more brief. The following excerpt is an example of a very 

long and thorough post by P21.  

f′(1) = -3/16. First, I found f(1) by plugging in x=1 into the function and solving 

for f(1), where I got 1/4. Then, I used the limit definition of a derivative (a version) 

because we are asked to find f′(1), which is notation for the derivative of f(x) at 

x=1. It doesn’t really matter which version of the limit definition of the derivative 

you use, I just chose one and plugged in the information into the formula. f(1) = 

1/4, a = 1, and f(x) = the original function. I noticed the ugly fraction on the 

numerator of the equation and wanted to cancel it out, so I multiplied by 4 (3x + 1) 

/ (4 (3x + 1) ). We can do this because we are essentially multiplying by 1. Then, 

the fractions canceled, and we ended up with nice numbers in the numerator. From 

there, I simplified (don’t lose the negative!), and then I noticed that we could factor 

out a -3 from the numerator so that (x-1) would cancel in both the numerator and 

the denominator. Lastly, I plugged in 1 for x and solved (notice I did not put the 

limit notation there, we do not need to incorporate that because we are solving for 

a specific value).  

b) f′(2) = 1/3. First, once again, I found f(2) by plugging in x=2 into the function. 

Then I chose a random limit definition of the derivative (this time version h) and 

plugged things in. f(2)=3, x=2, f(x)=original function, and f(x+h)=original function 

but with x replaced with (x+h). Whenever I see a square root, I automatically think 

“reciprocal!” because we can cancel the square root, so I multiplied the numerator 

by its reciprocal and multiplied the denominator as well. We have to multiply both 

the numerator and the denominator so that we are technically multiplying by 1, and 

therefore not changing the values of the function. From there, I simplified and 

canceled out an h in both the numerator and denominator, then plugged it in and 

solved.  

c) f'(0) = 4. For this one, I found f(0) by plugging x=0 into the function (f(0)=1). 

Then, I plugged in the information into the limit definition of the derivative (this 

time a version, but again, it doesn’t matter which one you choose). Once I plugged 

it in, I stopped and thought about it before starting. Multiplying by the reciprocal 

wouldn’t help (there’s no square root to cancel out, so I’d just end up with a more 

complicated equation), and there was nothing to factor out. Therefore, I decided to 

expand the numerator. Upon simplifying, I noticed that the ones cancel and we are 

left with an x in every term, so we could factor it out and cancel. Then, I plugged it 

in and solved.  
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Here is my work shown below. Sorry, it’s a little blurry.
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Figure 7: Example of P21’s thorough post 

Except for those who routinely posted longer and thorough posts, students’ initial and 

reply posts were considerably lengthy in the first three weeks (i.e., weeks 3, 4, and 5) of data 

collection compared to subsequent weeks. Also, participation varied concerning when they 

would create initial posts for weekly discussions. For instance, few students created initial posts 

very early in the week, while most students posted mid-week, usually Wednesdays, with 

remarkably few students creating initial posts at the end of the deadline. 

Another way student participation in D2L varied was how students went beyond the 

minimum expected number of reply posts. For instance, some students did not reply to any 

threads, while others made as many as 6 replies. In fact, for week 3, the number of reply posts  

ranged from 1 to 6 per participant. Similarly, for week 11, the number of reply posts ranged from 

1 to 3 per participant. Additionally, when the instructor assigned students to groups, threads 

contained more replies in these weeks than in other weeks except for weeks 4, and 8. For week 4, 

there were more replies which is consistent with student behavior in the first three weeks of data 

collection (i.e., weeks 3, 4, and 5), where the number of initial posts and replies were higher than 

the semester average. However, for week 8, it is reasonable to assume that students’ replies were 

more numerous during discussions because just around that time students were preparing to take 

their second cumulative evaluation.  

Overall, there were 192 initial posts and 393 replies for this course, which is an average 

of 19 initial posts per week and 36 replies per week coming from an average of 18 participants. 

Also, 80% of the participants consistently followed the instructions for weekly posts. 
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The roughly 20% of students who did not participate in the online discussions during a 

given week were not always the same participants. Based on this, it is reasonable to assume that 

lack of social engagement with peers or factors within the course did not result in failure to 

participate. Additionally, some students explained that outside responsibilities may have 

contributed to their absence from discussion forums. For instance, P9, after being unavailable for 

two weeks, explained that, 

Hey everyone, sorry I have been absent from these discussions, I have no excuses 

and plan to be fully participative in the coming ones. 

From his post above, it was not the course settings that may explain his absence from the class. 

Similarly, P23 explained that, 

“Sorry for my last-minute writing, a crazy start of the week!” 

Again, this post suggests that other factors outside the course explain the absence of the 

roughly 20% of students who did not participate in online discussions each week. Although I 

must interpret these results with caution, these findings suggest social engagement among 

students or factors within this course did not necessarily result in students neglecting to create an 

initial post. In fact, during the interview, P17, who subsequently dropped out of the class, 

explained he withdrew from the course because of his job. He explained, 

Yeah, it was a work schedule, I work on the unit where there was a lot of covid 

patients, so I ended being called in a lot, it was day shift, it was mostly my bad 

because that I did not properly schedule enough time to do my homework, so there 

was a time I got far back. I ended up dropping the class. February was that bad 

because sometimes we will have between 6 and 10 patient a day and hence my job 

needed me. 

Together, evidence suggests that outside of class factors may explain the absence for the roughly 

20% of students who did not participate in online discussions in a given week.  
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In the next section, I delve deeper to understand the cognitive and social engagement 

experiences of the participants. First, I discuss the nature of students’ cognitive engagement 

experiences. Then, I discuss the nature of students’ social engagement experiences. Finally, I 

report on the connection between students’ social and cognitive engagement experiences.   

Nature of Students’ Cognitive Engagement Experiences 

In this section, I describe students’ cognitive engagement experiences while discussing 

weekly prompts. Recall that I used Toulmin’s argumentation model (1958/2003) to document 

students’ cognitive engagement. As described previously in Chapter 3, the unit of analysis was 

an entire post. Overall, 582 posts were coded into five categories, posts that presented Claims 

(C), Claims and Data (CD), Claim, Data and Warrant (CDW), Rebuttal (R), and “No indicators 

of an argument.” Below, I report on the sample of posts that contained at least one component of 

an argument. This is because for posts that did not warrant codes for an argument, there is no 

evidence of cognitive engagement from the perspective of argumentation. In Table 12, I 

summarize the number of posts that warranted codes for Toulmin’s argumentation model. 

Table 12: Summary of cognitive engagement throughout the ten weeks of discussion 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  36  52  88 

Claim and Data (CD)  137  138  275 

Claim, Data, and Warrant (CDW)  17  10  27 

Rebuttal (R)  0  24  24 

Posts without Components of Mathematical Argumentation Present 

  1  167  168 

       

Grand Totals  191  391  582 
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As shown in Table 12, most students’ initial and reply posts included a claim and data. In 

particular, roughly 81% of initial posts had at least claims and data, whereas 66% of reply posts 

containing components of mathematical argumentation included at least a claim and data. The 

following initial post by P5 is an example containing claim and data and demonstrates his 

cognitive engagement with the concept of differentiation. In his initial post, he stated that,  

F′ (-1) does not exist because the limit on either side of x = -1 differs, therefore not 

providing a value for F′ (-1). 

In this post, he claimed that the derivative of the graph at x = -1 does not exist and as evidence, 

he states this is true because lim
𝑥→−−1−

𝐹(𝑥)  and lim
𝑥→−−1+

𝐹(𝑥)  have different values. In this regard, 

P5’s initial post demonstrates his cognitive engagement with derivative concepts. 

Regarding the core of an argument, relatively few students’ initial posts (only 18%) 

included claims, data, and warrants. Only 4% of reply posts that had evidence of cognitive 

engagement contained a claim, data, and warrant. It should be noted that posts lacking all three 

components of the core of an argument does not imply low cognitive engagement. In fact, posts 

coded as CDW do not necessarily higher-level thinking. Additionally, posts coded as C are in no 

way regarded as lower-level thinking. Instead, these categories explain the different ways 

students demonstrated their engagement with mathematical concepts through the online 

discussion forums. It was more common for students to demonstrate their cognitive engagement 

using claims and data in this study.  

Additionally, regardless of the cognitive demand of the task (low or high-cognitive), 

students’ initial posts tended to demonstrate their cognitive engagement with mathematical 

concepts involving differential Calculus. This is evident because, throughout the ten weeks of 

discussions, and as shown in Table 12, only a single initial post out of 191 did not warrant a code 
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for Toulmin’s argumentation. To further describe the nature of students’ cognitive engagement 

regarding initial posts, I present some examples of results from specific weekly prompts. In 

particular, I choose examples from when students discussed high- and low-cognitive demand 

tasks. 

For week 3, students were asked to respond to the prompt below.  

 

Figure 8: Prompt for week 3 

Using Smith and Stein’s (1998) framework on mathematical tasks, this task can be 

categorized as low-cognitive demand that involves procedures. In this week, as shown in Table 

13, all twenty-three initial posts included at least one component of argumentation.  
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Table 13: Evidence of cognitive engagement in week 3 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  4  1  5 

Claim and Data (CD)  16  9  25 

Claim, Data, and Warrant (CDW)  3  1  4 

Rebuttal (R)  0  7  7 

Posts without Components of Mathematical Argumentation Present 

  0  23  23 

       

Grand Totals  23  41  64 

 

For example, an initial post by P16 demonstrated his cognitive engagement about the 

properties of the given function because it contained a claim, data to support the claim, and made 

further connections between the claim and the data.  

P16 indicated that, 

From basic math, the denominator can never be zero. When the denominator does 

equal zero it forms a discontinuity. When the factors in the numerator and 

denominator (x+1) cancel the x value that makes that factor equal to zero (x=-

1) and forms a hole; this is a discontinuity. As x approaches -1 the limit 

approaches 9/4. When x equals three we have a vertical asymptote which is an 

infinite discontinuity (Page, 82). From my understanding of limits, the limit 

of F(x) as x approaches negative infinity approaches the horizontal asymptote. 

From pre-calculus, the horizontal asymptote of an equation where the degree is the 

same in the numerator and denominator is simply y equals the leading coefficients 

(y=3). Because of this, as F(x) approaches negative infinity the limit approaches 

three and as F(x) approaches positive infinity the limit approaches three. 

In P16’s post, evidence of cognitive engagement emerged because he shared claims, data, 

and warrant in his initial post. Specifically, he claimed that the function has a horizontal 

asymptote at y = 3. Then, as evidence to support the claim, he stated this is true because 

lim
𝑥→∞

𝐹(𝑥) and lim
𝑥→−∞

𝐹(𝑥) is 3. Finally, he drew on connections as a warrant by saying that from 

precalculus, the horizontal asymptote is also the leading coefficient of the term with the highest 

degree in the numerator, which is also 3 and hence lim
𝑥→∞

𝐹(𝑥) and lim
𝑥→−∞

𝐹(𝑥) is 3.  
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Similarly, in the same week, an initial post by P1 demonstrated his cognitive engagement 

with properties of the given function because it contained claim(s) and data. Specifically, P1 

makes claims about the properties of the given functions, and then uses a graphical 

representation as his source of evidence to support those claims that the given function has a 

horizontal asymptote at y = 3 and a hole at x = -1. P1 posted that, 

The function has a horizontal asymptote at y = 3, a vertical asymptote at x = 3, and 

a hole at (-1, 9/4). The best way to understand all of these key traits is to physically 

see them: 

 

Figure 9: Data provided by P1 

In the previous two examples, students discussed a task categorized as low-cognitive 

demand. In the next example, I discuss students’ cognitive engagement regarding initial posts 

while working on a higher cognitive demand task involving procedures with connections.  

For week 4, students were asked to respond to the prompt displayed in Figure 10.  
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Figure 10: Prompt for week 4 

This task can be categorized as high-cognitive demand that involves procedures with 

connections. In week 4, as shown in  

Table 14, all nineteen students’ initial posts included components of argumentation.  

Table 14: Evidence of cognitive engagement in week 4 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  2  8  10 

Claim and Data (CD)  16  21  37 

Claim, Data, and Warrant (CDW)  1  1  2 

Rebuttal (R)  0  3  3 

Posts without Components of Mathematical Argumentation Present 

  0  16  16 

       

Grand Totals  19  49  68 
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Hence, like seen in the week 3 previously, all students’ initial posts demonstrated their 

cognitive engagement about rate of change in the given variables. For example, an initial post by 

P16 showed his cognitive engagement about rate of change because it contained a claim and data 

to validate the claim. In his post below, he claimed that the graph of the relationship between 

height and time is linear. Then as evidence, he supported the claim with knowledge about secant 

slope. P16 explained that, 

It is a straight line with a negative slope. Because the h decreases at a constant rate 

that represents the slope, the starting point when h=0 represents the starting height 

or y-intercept. The graph decreases because “For equal changes 

in △t, △h decreases by k.” The graph is only considered to have a minimum if the 

line does not continue. And only has a maximum at the starting point of h=6. The 

thrown object would hit the ground or h=0 at t=2.4. If given different values from 

prompt 1 the slope and y-intercept would change. 

 

Figure 11: Data provided by P16 

In P16’s post, evidence of cognitive engagement emerged because it contained a claim 

and data. Specifically, he claimed that the graph follows a linear relationship and validates his 
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claims with data: “because the h decreases at a constant rate that represents the slope, the 

starting point when h=0 represents the starting height or y-intercept. The graph decreases 

because “For equal changes in △t, △h decreases by k.” From his post, he demonstrates his 

cognitive engagement about rate of change using his knowledge about secant slope.  

Similarly, in the same week, an initial post by P3 demonstrated her cognitive engagement 

about rate of change because it contained claims and data. In her post, she claimed that the graph 

of the relationship between height and time follows a parabolic shape, and then as evidence 

supported her claim using related knowledge from Physics. In her post, she explained that, 

I have drawn a graph based on the assumption that the height begins at 6 at time 0 

and will continue to grow by k or 0.25 in intervals of time 0.1 until the thrown 

object reaches its maximum height and begins to fall back to the ground. The graph 

has to have a maximum and minimum because when we’re discussing and thrown 

object it will always reach a maximum height determined by the force and gravity 

acting upon the object and then a minimum which would be 0 when the object 

reaches ground again. 

 

Figure 12: Data provided by P3 
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Although it was more common for all students to demonstrate cognitive engagement 

during initial posts, there was a single instance in week 9 where a student’s initial post did not 

warrant a code for argumentation. In week 9, students were asked to respond to the prompts 

displayed in Figure 13.  

 

Figure 13: Prompt for week 9 

For this week, as shown in Table 15, all but a single initial post (P3) provided evidence of 

cognitive engagement about derivatives.  

Table 15: Evidence of cognitive engagement in week 9 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  4  7  11 

Claim and Data (CD)  13  14  28 

Claim, Data, and Warrant (CDW)  1  0  1 

Posts without Components of Mathematical Argumentation Present 

  1  17  18 

       

Grand Totals  19  38  57 
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More specifically, P3 posted that, 

honestly, the only reason I didn’t post yesterday  was that I was confused by the 

question. Which I am sure is completely my fault.  

This initial post did not warrant a code because it does not contain evidence about 

whether she was cognitively engaged with the mathematical concepts from the weekly prompts 

from the perspective of argumentation. Moreover, the post does not present any part of the core 

of an argument nor a rebuttal.  

In conclusion, regardless of the cognitive demand of the task (low or high cognitive), 

students’ initial posts tended to demonstrate their cognitive engagement with mathematical 

concepts involving differential Calculus. The same cannot be said when students replied to their 

colleagues’ posts. Interestingly, the cognitive demand of the weekly prompts appears to have 

influenced the cognitive engagement demonstrated when replying to each other. To further 

elaborate on the nature of students’ cognitive engagement while replying to colleagues’ posts, I 

discuss two themes that emerged in this study: 

1) High-cognitive demand tasks elicited more evidence of cognitive engagement in 

replies 

2) Low-cognitive demand tasks elicited less evidence of cognitive engagement in replies 

Theme 1: High-Cognitive Demand Tasks  

Elicited More Evidence of Cognitive Engagement in replies 

Recall that 224 out of 391 reply posts had at least one element of argumentation (see 

Table 12). More of the total reply posts warranted codes for cognitive engagement when students 

discussed weekly tasks categorized as high cognitive demand. As shown in Table 16, more than 

184 of the 224 (more than 80%) reply posts were associated with high-cognitive prompts 
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Table 16: Evidence of cognitive engagement for high-cognitive demand tasks 

Weekly tasks categorized 

as High-cognitive 

Number of replies with evidence of cognitive 

engagement 

Week 4 33 

Week 6 20 

Week 7 34 

Week 9 21 

  Week 10 24 

Week 11 30 

Week 13 22 

Total 184 

 

Thus, for high-cognitive demand tasks, students tended to demonstrate more evidence of 

cognitive engagement while they responded to their colleagues’ posts. To further describe the 

nature of students’ cognitive engagement while discussing high-cognitive demand tasks, I 

present examples from weeks 11, and 7. These weeks represent how students demonstrated 

cognitive engagement while discussing high-cognitive demand prompts throughout the ten 

weeks focused on concepts of limits and derivatives.  

For week 11, students were asked to respond to the prompts in Figure 14.  
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Figure 14: Prompt for week 11 

Table 17: Evidence of cognitive engagement in week 11 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  11  6  18 

Claim and Data (CD)  7  22  29 

Rebuttal (R)  0  2  2 

Posts without Components of Mathematical Argumentation Present 

  0  6  6 

       

Grand Totals  18  36  54 

 

In week 11, as shown in Table 17, only six replies out of 36 did not warrant a code for 

cognitive engagement. Hence, 30 out of 36 replies included components of argumentation. For 

instance a reply posted by P1 showed his cognitive engagement because it presented a rebuttal to 



91 

 

P17’s initial post. Moreover, P1 also provided an alternative claim to P17’s initial post—that the 

derivative of a function can be a positive value and its original function may be decreasing or 

negative for some values of the domain. In the rebuttal, P1 explained, 

The conclusions that you came to about the instantaneous rates of change seem to 

line up with my thoughts well. However, it is important to note that just because a 

derivative is positive, that doesn’t mean an entire function is positive. A function 

can have a positive value, but still be decreasing in the negative direction for 

instance.  

Similarly, for week 7, students were asked to respond to the prompt in Figure 15.  

 

Figure 15: Prompt for week 7 
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Table 18: Evidence of cognitive engagement in week 7 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  3  17  20 

Claim and Data (CD)  14  13  27 

Claim, Data, and Warrant (CDW)  2  2  4 

Rebuttal (R)  0  2  2 

Posts without Components of Mathematical Argumentation Present 

  0  6  6 

       

Grand Totals  19  40  59 

 

In this week, as shown in  

Table 18, 34 out of 40 posts were coded for having at least one component of an argument. For 

instance, after P4 posed a question to P16’s initial post, P16’s reply to P4’s question showed 

cognitive engagement because it contained a claim and data. He indicated that, 

My graph is not a wave because the slope, which is the rate of change, never 

changes. Therefore if it is a wave then the rate of change is constantly changing. 

However, the Ferris wheel spins at a constant rate. 

In P1’s reply, cognitive engagement is demonstrated because he shared a claim and data 

to the original post. Specifically, he claimed that “my graph is not a wave” and as evidence to 

support his thinking, he added that the graph is not a wave because the rate of change of the 

Ferris Wheel is constant.  

From the results of data analysis, high-cognitive demand tasks elicited more evidence of 

students’ cognitive engagement while responding to each other. Interestingly, although students’ 

replies showed more cognitive engagement with mathematical ideas for weekly prompts 

categorized as high-cognitive demand, the specific type of high-cognitive demand did not 

necessarily matter for this course. For instance, recall that in week 13, the weekly prompt was 

categorized as high-cognitive demand task that involves doing mathematics (refer back to Table 
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7). In that week, more than one-third of students’ replies provided no evidence of their cognitive 

engagement with the mathematical concepts. However, in week 10, where the weekly prompt 

was categorized as high-cognitive demand involving procedures with connections, only one-third 

of students’ replies provided no evidence of their cognitive engagement with the mathematical 

concepts. One would infer that a high-cognitive task involving doing mathematics should elicit 

more evidence of cognitive engagement; however, that was not necessarily the case for this 

study. Nonetheless, for high-cognitive demand tasks (whether doing math or involving 

procedures with connection) students’ reply posts tended to demonstrate more cognitive 

engagement as compared to low-cognitive demand tasks. 

Theme 2: Low-Cognitive Demand Tasks  

Elicited Less Evidence of Cognitive Engagement  

From Table 12, 167 of 391 reply posts did not warrant a code for cognitive engagement. 

About half of the 167 posts occurred when students discussed prompts categorized as low-

cognitive demand. Specifically, as shown in Table 19, more than 50% of the 167 reply posts 

were associated with low-cognitive demand tasks. This result is interesting because there were 

fewer weeks with low-cognitive demand prompts, yet still more than half of the replies that did 

not warrant a code for cognitive engagement occurred in these weeks.  

Table 19: Posts with no evidence of cognitive engagement for low-cognitive demand tasks 

Weekly tasks categorized as low-

cognitive demand 

Number of replies with no evidence of cognitive 

engagement 

Week 3 26 

Week 5 36 

Week 8 23 

Total 85 
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Thus, for low-cognitive tasks, fewer replies contained claims, data, warrants or rebuttals. 

To further describe the nature of students’ cognitive engagement while discussing low-cognitive 

demand tasks, I present some examples each of the weeks where students discussed low-

cognitive demand tasks (weeks 3, 5, and 8).  

Recall that in week’s 3, 5 and 8 students discussed prompts categorized as low-cognitive 

demand tasks (refer back to Table 7). In those weeks, students’ replies tended to provide less 

evidence of cognitive engagement with the mathematical prompts. For example, in week 3 (see 

Figure 8 for exact prompt), as shown in Table 19 above, more than half of students’ replies 

provided no evidence of their cognitive engagement. For instance, P3’s reply to P18’s initial post 

illustrates a reply that provided no evidence of cognitive engagement. In her reply, she said, 

Hey P18! Thank you so much for including your thought process with your 

answers. I have needed help understanding limits prior to this week and it always 

helps to see it explained as many times as possible. 

Replies such as the one from P3 did not contain evidence about whether P3 was cognitively 

engaged with the mathematical concepts in the form of argumentation related to the prompt or 

P18’s initial post.  

Similarly, for week 8, students were asked to provide reasoning for the work being 

conducted at each step in Figure 16.  
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Figure 16: Prompt for week 8 

Table 20: Evidence of cognitive engagement in week 8 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  3  2  5 

Claim and Data (CD)  16  10  26 

Claim, Data, and Warrant (CDW)  2  0  2 

Rebuttal (R)  0  2  2 

Posts without Components of Mathematical Argumentation Present 

  0  26  26 

       

Grand Totals  21  40  61 
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For week 8, 26 out of 40 replies provided no evidence of students’ cognitive engagement 

(Table 20). For instance, P1’s reply to his colleague’s post illustrates an example of the replies 

that did not warrant a code. In his reply, he explained that, 

In case you’ve been using reader, the school has free licensing for adobe creative 

cloud, which includes acrobat pro. Here’s the link to the instructions: [Link] If you 

want creative cloud too (which should have acrobat pro as well), here’s the link to 

that: [Link] Either way, acrobat pro lets you do a lot more with PDF’s There’s also 

the chance that you already have it and I’m just preaching to the choir. Whether or 

not you needed it, here you go. To make a table with adobe, I straight up just made 

a bunch of lines with the line tool, drew equations, and used text boxes to fill out 

the table. Adobe might have a way of making tables, but I just did what worked for 

me. Hope you can make some use of any of this 

Similarly, P20’s reply to P10’s initial post provides an example of posts that did not warrant a 

code. In her reply, she stated that, 

Hi, P10! Thank you so much for sharing. I loved that you described everything in 

full detail. It made it much easier to see where you got your answers from. It was 

nice to see how you went about each question compared to how I did! 

Replies such as those from P20 and P1 did not contain evidence about whether they were 

cognitively engaged with the mathematical concepts related to the prompt or their colleagues’ 

initial posts because they did not present any part of the core of an argument nor a rebuttal.  

Finally, for week 5, students were asked to find the indicated derivative using the limit 

definition (see Figure 17).  

 

Figure 17: Prompt for week 5 
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Table 21: Evidence of cognitive engagement in week 5 

Posts Containing Components of Mathematical Argumentation 

Components  Initial Posts  Reply  Total 

Claim (C)  0  1  1 

Claim and Data (CD)  19  6  25 

Claim, Data, and Warrant (CDW)  2  1  3 

Rebuttal (R)  0  2  2 

Posts without Components of Mathematical Argumentation Present 

  0  36  16 

       

Grand Totals  21  46  67 

 

For this week, as shown in Table 21, 36 out of 46 replies did not include components of an 

argument. For instance, P1’s reply to his colleague’s post illustrates a reply that provides no 

evidence of cognitive engagement. He explained that, 

For most of the work I do in this class, I simply follow the videos given, and I can 

usually get by with just that alone. I didn’t use anything, but the formula given to 

solve these problems, I’m honestly trying my best to not buy the textbook for this 

course so I can save some money. However, on the occasions that the videos don’t 

suffice, I can usually find resources for almost any kind of problem online. 

Symbolab and Wolfram alpha can be helpful on some problems (or all problems if 

you don’t care about learning the math, which will probably screw you over), and 

Wikipedia for instance has the absolute most in depth list of trigonometric identities 

I’ve ever seen. Just need to look around a little bit and you’ll find pretty much 

anything you need to know online. 

Replies such as one from P1 did not contain evidence about whether P1 was cognitively 

engaged with the mathematical concepts from the prompt or his colleague’s post from the 

perspective of argumentation.  

From the results of data analysis, low-cognitive demand tasks elicited less evidence of 

cognitive engagement while responding to each other. To sum up, students were cognitively 

engaged while exploring the concepts of limits and derivatives. In general, it was more common 

for students to demonstrate their mental interaction with the mathematical concepts during initial 
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posts. Regarding replies, the presence of claims, data, and warrants, or rebuttals were more 

frequent when discussing prompts that were categorized as high-cognitive demand. 

Alternatively, students’ replies tended to provide less evidence of their cognitive engagement 

while discussing prompts classified as low-cognitive demand.  

In their study, Luebeck and Bice (2005) found that although students’ cognitive activity 

increases over time, they observed the highest level of cognitive activity in an area where 

students’ prior knowledge was challenged. Their results suggest students’ cognitive activity may 

be linked to the discussion task. Similarly, Rovai (2007), Majeski and Stover (2007), Ke and Xie 

(2009), also argued that in order to promote cognitive activity, discussion tasks should be 

structured around questions that encourage students to develop different perspectives on and 

explanations for a topic or scenarios. In other words, their findings suggest open-ended tasks 

tend to elicit more cognitive activity.  

Similarly, I found that discussion tasks may contribute to cognitive activity in cases when 

students are replying to their peers’ ideas. In particular, tasks categorized as high-cognitive 

demand tasks (Smith & Stein, 1998) tended to elicit more responses containing evidence of 

students’ cognitive engagement with the mathematical ideas whiles those tasks categorized as 

low-cognitive demand tended to elicit fewer replies with such evidence. Additionally, it is 

interesting to note that only 3 weeks with low-cognitive demand tasks accounted for more than 

50% of replies that did not warrant a code for argumentation; whereas, in the 7 weeks with high-

cognitive demand tasks less than 50% did not warrant a code. This is interesting because there 

were fewer weeks with low demand tasks, however more replies did not warrant a code for 

evidence of cognitive engagement during these weeks. Thus, from the perspective of 
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argumentation, the level of cognitive demand of tasks influences patterns of cognitive 

engagement demonstrated through discussion posts. It is worth noting that regardless of the 

nature of the weekly prompts (whether low or high-cognitive demand), students’ initial posts 

demonstrated cognitive engagement while exploring the concept of derivative.  

Additional Information from Interviews 

While students did not mention that the cognitive demand of weekly tasks may have 

influenced their engagement with mathematical ideas during interviews, they did explain that the 

videos were instrumental in helping them understand the mathematical concepts studied in the 

class. For instance, during the interview, P1 stated,  

Urm the videos that we’ve received was sufficient enough for me to understand the 

concepts. 

From the above, it seems P1 found the videos helpful in understanding the mathematical 

concepts. Similarly, P17 explained,  

When I looked at the textbook, I didn’t understand however being able to use the 

videos as a resource helped me learn.  

Upon further probing, P17 stated that,  

I am a visual learner and hence seeing the video make me understand the concept. 

The videos provided steps that the book did not have. The videos were great; it had 

steps 1, steps 2, That was sweet.  

Again, P17 also indicated the videos played an important role in his learning. This trend was also 

evident while analyzing students’ posts. For instance during week 5 discussion, P7 stated,  

Here is my work for problem 19, I used mainly section 3.1 video 2 in order to 

understand how to use the limit definition in order to solve these problems  
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Hence, P7 occasionally relied on the videos to understand the mathematical concepts. 

Furthermore, in week 6, P21 offered P8 advice to use the videos as a way to back P8’s claim. 

Specifically, P21 posted,  

the fill in the blanks, here’s a few starting points for explaining why when a function 

is differentiable it must also be continuous. In the lecture videos for this week 

(section 3.2), they mentioned the Differentiability Implies Continuity Theorem, 

which might be helpful in backing up your sentence. 

Thus, analyzing students’ interviews and posts, some students relied on the videos to 

understand the mathematical concepts studied in class. This implies that the videos may have 

promoted students’ engagement with the mathematical concepts; however, information about 

students’ use of argumentation was not able to be determined through analyzing interview 

transcripts. Below, I describe the nature of students’ social engagement experiences that emerged 

within this study.   

Nature of Students’ Social Engagement Experiences 

In this study, I conceptualize students’ social engagement as the student-to-student 

interactions within the course. There are three primary ways of describing how students 

interacted with each other and each other’s thinking through the discussion forums: one-way 

interactions, two-way interactions within a single thread and two-way interactions across 

different threads. I use the Social Network Analysis (SNA) diagram for week 7 (Figure 18) to 

demonstrate these different forms of interactions that emerged. 
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Figure 18: Social network analysis for week 7 

Legend  

Red Edges--- One-way interactions  

Blue Edges--- Two-way interactions 

▪ Blue edges between Green nodes---- conversations between different threads 

▪ Blue edges between Magenta nodes---conversations within same threads 

 

In the SNA diagram for week 7 (Figure 18), one-way interactions are denoted by a red 

unidirectional arrow. A one-way interaction means that a student replied to an initial post 

without receiving a response from the author of the initial post. For example, in Figure 18, P19 

posted a reply to P15’s thread; however, P15 did not respond to P19 (bottom left corner of Figure 

18). Blue bi-directional arrows between two magenta nodes indicate a two-way interaction 

within the same thread. A two-way interaction within a thread means that a student replied to an 

initial post and then received a response from the author of the initial post within the same 
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thread. For example, P14 and P22 had a two-way interaction within the same thread (top center 

of Figure 18).  

Furthermore, blue bi-directional arrows between two green nodes or between a magenta 

node and green node indicate a two-way interaction across different threads. A two-way 

interaction across different threads means that students responded to initial posts of each other. 

For instance, P18 and P10 had a two-way interaction across different threads (bottom left corner 

of Figure 18). Throughout the units covering limits and derivatives, only 6 two-way interactions 

across threads occurred. There were 110 one-way interactions and 87 two-way interactions 

within the same thread that emerged over the ten weeks.   

 Additionally, results indicate that two-way interactions do not occur automatically in an 

asynchronous online class. In this study, two situations appeared to promote more two-way 

interactions among students: grouping students for discussions and initial posts with evidence of 

social presence. Below, I describe these two themes that emerged while analyzing the nature of 

students’ social engagement.  

Theme 1: Grouping Students for Discussions  

and Projects Fosters More Two-Way Interactions  

In this study, assigning students to a group during weekly discussions tended to yield 

more student-to-student interaction than when students were not grouped. For example, in weeks 

5, 6, 7, and 9, students were assigned to 4 groups. Overall, there was an average of 6 two-way 

interactions in weeks when students were not assigned to groups and 13 two-way interactions in 

weeks when students were assigned to groups. Additionally, of the 87 two-way interactions that 

occurred throughout the ten weeks, Table 22 shows that nearly 60% took place in weeks when 

students were assigned to groups.  
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Table 22: Number of two-way interactions within grouped discussion 

Week Number of two-way interactions 

Week 5 16 

Week 6 13 

Week 7 12 

Week 9 11 

Total 52 

 

Moreover, during the interview, P1 described working in a group during the weekly 

discussion as a positive experience. P1 further explained that,  

When working with small discussions, you have specific people to work with 

people.  We rely on each other and hence that put pressure on all of us to work 

together. Unlike the big discussions, you have the whole class, and anyone can 

respond to anyone. There is no necessity for everyone to work together 

According to P1, students are likely to interact with one another when working in small groups 

because of co-reliance on each other. This could potentially explain the occurrence of more two-

way interactions during small group discussions. Furthermore, students worked in groups on 

projects. According to P16, working in groups for the projects was a positive experience. He 

explained that,  

Okay um, I mean, let’s see, when we did the group project, it was nice working 

with people. All worked up very well.  

Although P16 did not like the project itself, he did enjoy working with a group on the 

project. In particular, he described the project as “weird” and explained working the SIR project 

as a negative experience. He stated,  

I didn’t like the SIR model, the whole thing was just a struggle for me. I felt it was 

out of place. I understand that SIR model uses calculus, but it was kind of “iffy” 

It is interesting to note his experience because he did not like the project they worked on 

as a group, but did enjoy working in a small group. On the other hand, during the interview, P10 

expressed that working in groups on a project was a negative experience. She said,  
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Well in the first like mini project we had to do in groups, where we were supposed 

to have partners. I was never ever able to get in contact with my partners, which 

was fine. But that was hard.  

She explained that she could never contact her partner even after attempting through D2L and 

email. P10’s negative experience with group work was because she could not reach her partners. 

However, she explained for the final projects where she had different partners, her experience 

was more positive. In particular, she stated,  

It was nice to work in groups for the final projects, by the time it was the final 

exams, we could work together because I hadn’t work with anyone for the exams. 

I kind of just did it on my own before the final exams. Urm it was nice that by the 

final one it was nice to kind of go over each other’s answers. Here is what you did, 

and this is how I did. It was nice to work with each other to work on the problem 

that was really nice. 

From the above, P10 enjoyed working in groups and in particular, it is obvious that two-way 

interactions are more meaningful to students both in asynchronous discussions and in projects. 

Similarly, P1 also expressed working in groups for the projects as a positive experience. He 

stated,  

I really did like working in the group. I don’t really do that very often. Being able 

to bounce ideas of each other was very nice. 

Altogether, analyzing discussion posts and interviews, students seemed to enjoy working 

in groups during weekly discussions and projects, explaining more two-way interactions during 

discussions when assigned to groups. Little research exists on group work and student-to-student 

interactions in online undergraduate mathematics courses and in particular online Calculus I. 

However, Rourke and Anderson (2002) conducted a study where students led discussions in a 

fully asynchronous online class and found that students preferred peer-led grouped discussions. 

They found there were more student-to-student interactions during group discussions. Results 

from this study affirm their findings in the context of an online Calculus I course. It is worth 
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noting that only four weeks with group discussions accounted for nearly 60% of the two-way 

interactions, meaning that fewer weeks of group discussion yielded more two-way interactions. 

Thus, in this setting, grouping students for discussions appears to promote more social 

engagement among students.  

Similarly, Kreijns and colleagues (2003) argued that anonymity and non-participation 

increase during larger discussions. In other words, as the group size increases, it is prevalent for 

students to hide, sit back, and lurk (Bertucci et al., 2010; Hamman, Pollock, & Wilson, 2012; 

Rovai, 2001, 2002). In this study, not even a single participant lurked when students were in 

group discussions — all students who worked in groups during weekly discussions created an 

initial post and made at least one reply. However, when students did not work in groups for 

discussions, it was not uncommon  for them to only make an initial post and not post a reply. For 

example, in weeks 4, and 11, one participant did not make replies. Also, in week 10, as shown in 

Figure 19, P1, P2, P18, and P19 did not post a reply. In other words, as shown in the SNA 

diagram in Figure 19, some students lurked during large discussions, as seen by other 

researchers. 
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Figure 19: Social network analysis for week 10 

In this study though, grouping students for discussions alone did not result in more two-

way interactions within threads. For instance, in weeks 4 and 8, students were not assigned to 

groups, yet there were 15 and 11 two-way interactions within threads, respectively. Weeks 4 and 

8 stood out from the other weeks when students were not grouped because 26 of the 35 two-way 

interactions within threads took place in these two weeks. Further analysis of content within 

posts provided insight into this phenomenon. Below I describe how social presence within initial 

posts varied across types of student-to student interaction taking place within discussion forums. 

Theme 2: Initial Posts with Evidence of  

Social Presence Fosters More Two-Way Interactions 

In this study, threads started by initial posts with evidence of social presence tended to 

yield more replies and were frequently involved in two-way interactions. Conversely, threads 

that had initial posts with no evidence of social presence tended to yield fewer two-way 
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interactions and more one-way interactions. During the ten weeks of discussions, as shown in 

Table 23, 80 of the 110 one-way interactions were initiated by threads that had initial posts with 

no evidence of social presence.  

Table 23: Breakdown of the number of one-way interaction by weeks 

Week Number of one-way interactions 

with evidence of social presence 

in initial posts 

Number of one-way interactions 

with no evidence of social 

presence in initial posts 

Week 3 3 13 

Week 4 2 4 

Week 5 3 6 

Week 6 3 5 

Week 7 3 8 

Week 8 2 11 

Week 9 3 8 

Week 10 3 7 

Week 11 3 10 

Week 13 5 8 

Total 30 80 

 

For example, in week 11, as shown in Figure 20, 13 one-way interactions emerged (red 

arrows).   

Ten of the one-way interactions were initiated by threads with no evidence of social presence 

(see Table 23). Additionally, although replies in these interactions had forms of social presence, 

students did not continue with a conversation.  
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Figure 20: Social Network Analysis for week 11 

To further explain the nature of students’ social engagement for week 11, I present an example. 

In the thread started by P22, he posted  
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Figure 21: Initial post by P22 for week 11 

P22’s initial post (Figure 21) did not warrant codes for any form of social presence 

because it did not include any indicators for social presence; however the response from P16 to 

P22 included elements of interactive and cohesive presence. P16 posted,  

I like how concise your post is. However, you might want to elaborate a little more 

in detail using our current mathematical terminology. For part 4 why do you say it 

is not continuous, does it have a jump or corner?    

The above reply from P16 to P22 was coded for cohesive behavior because it contained group 

reference (“our”). Additionally, the post was coded for interactive presence because it had a 

question, and therefore was seeking an interaction with P22, the original author. However no 

further communication ensued. In conclusion, for one-way interactions, most of the initial posts 

did not contain any forms of social presence, and two-way interactions were rarely salvaged 

when replies did contain evidence of social presence. For this group of students, it appears as 
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though social presence in initial posts is possibly more important for generating social 

engagement than through replies.  

On the other hand, throughout the units covering limits and derivatives, as shown in 

Table 24, 67 of the 87 two-way interactions were initiated by threads that had initial posts with 

evidence of social presence.  

Table 24: Breakdown of the number of two-way interactions by weeks 

Week Number of two-way interactions 

with evidence of social presence 

Number of two-way interactions with no 

evidence of social presence 

Week 3 1 0 

Week 4 11 4 

Week 5 11 5 

Week 6 10 3 

Week 7 9 3 

Week 8 9 2 

Week 9 10 1 

Week 10 2 1 

Week 11 1 1 

Week 13 3 0 

Total 67 20 

 

For example, in week 4, as shown in Figure 22, 15 two-way interactions within the same 

threads emerged (blue bidirectional arrows between magenta nodes). 11 of the15 two-way 

interactions were initiated by threads that had initial posts with evidence of social presence 

(Table 24).  
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Figure 22: Social Network Analysis for week 4 

To further describe the nature of students’ social engagement for week 4, I present an example of 

a two-way interaction between P21 and P16.  

In the thread started by P21, P21’s initial post exhibited evidence of social presence. 

More particularly, P21 disclosed some lack of confidence in her response to the prompt at the 

start of her post,  

Just a word of caution: my answers could be wrong. I’m not 100% sure exactly 

what the prompt is trying to say because it’s worded weirdly. I arrived at my answer 

using integrals and derivatives (which is something we haven’t learned yet, and I’m 

sorry but it’s the only way I could think of solving it).  

From the above, P21’s initial post warranted a code for affective presence because it contained 

self-disclosure. Additionally, P16’s reply to P21 warranted a code for interactive presence 

because it contained a question. In his reply, P16 stated,  
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I noticed that your graphs slope constantly changes, why? I understand how your 

maximum is y=6 and the minimum it the floor regardless if it is y=0 or y=-300. 

Solving this using intervals and derivatives is beyond what I know as we have not 

touched on that.  

P21 responded to P16’s reply stating,  

Great question! The prompt says “the amounts of change in h decrease by the same 

value for equal changes in t", which was reworded to "For equal changes in △t, △h 

decreases by k.” My interpretation for that was when the time changes at a constant 

interval, the change in height decreases by constant k. Notice I italicized the word 

change. This is because the problem doesn’t say “height changes by k,” it says that 

“the change in height changes by k.” Essentially the slope (the rate of change) is 

changing by k. 

In the conversation between P21 and P16, the element of social presence within P21’s initial post 

and P16’s reply may have resulted in the back-and-forth conversation. It is possible that she may 

pay attention to her thread as a way to confirm her mathematical thinking or learn from her 

colleagues. For this reason, she may have been open to a conversation about her mathematical 

ideas. Also, P16’s reply indicated he may have been open to a discussion as well, indicated by 

P16 posting a question to P21. Hence, the elements of social presence within the initial post and 

the reply may have resulted in a two-way interaction between these two students. 

In conclusion, for week 4, 19 out of 23 participants interacted with each other in some 

capacity. However, as shown in Figure 22, it was more common for students to engage via two-

way interactions. Also, as discussed above, threads that included initial posts with evidence of 

social presence tended to yield more two-way interactions. More specifically in week 4, 11 two-

way interactions had initial posts with evidence of social presence. It is worth noting that most of 

these initial posts warranted codes for affective presence primarily because they included self-

disclosures.  



114 

 

In fact, recall that 67 two-way interactions (refer back to Table 24) had initial posts with 

evidence of social presence, 54 of these 67 two-way interactions were started by initial posts 

with affective presence indicated by some form of self-disclosure among students. Self-

disclosure is a form of  affective presence often employed by teachers to lessen the 

communication gap between themselves and their students (Rodriguez et al., 1996; Thomas et 

al., 2017). In this study, it seems to have been employed similarly by students. When students 

used self-disclosure in initial posts, others were more likely to respond indicating how they 

might have struggled or had difficulty as well. This in turn, lessens the gap between students and 

their peers and may explain why such posts tended to yield more two-way interactions. For 

instance, in week 9, P19 posted,  

I’m not sure about my ideas for part 2. I took it to mean that I needed to use function 

3 and plug it into equation one, for a = -10, hope that was right 

The post above warranted a code for self-disclosure because P19 disclosed some lack of 

confidence in his response to the prompt. P8 replied,  

Not sure, but if you simplify 𝑓′(𝑎) and f (a) and just use a number with decimals it 

becomes a lot easier to see that equation one is a point-slope equation for the tangent 

line at x=a! 

In the reply above, P8 also indicates he is not sure either, and so P8’s post was also coded for 

self-disclosure. Finally, P19 responded to P8 stating, 

Yeah, I am not sure if mine is correct. I got help from the math lab but didn’t really 

understand what he was saying. 

In the exchange between P8 and P19, the presence of self-disclosure in P8’s initial post may 

have lessened the gap between him and P19 and because P19 had a similar experience, he could 

more easily have a conversation with P8. And in fact, the presence of self-disclosure within 

initial posts seemed to evoke the greatest number of replies from other participants. This trend 
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was confirmed by P1 during the interview when he described that he chose to reply to initial 

posts that indicated the author was struggling with the mathematical concepts. He stated,  

So um, I would say that I was able to help people and it seems like people weren’t 

exactly getting some of the concepts down exactly, so if I saw people struggling or 

had questions, I help them.  

It seems that he is more likely to respond to posts that included self-disclosure. In fact, in week 

3, there was a back-and-forth conversation between P1 and P10 within the same thread. This 

back-and-forth conversation was initiated by P10’s initial post with evidence of self-disclosure. 

P10 stated,  

“I honestly do not know how to find the y-value for the hole of the given function.”  

P10’s initial post warranted a code for affective presence because it contained self-disclosure (“I 

honestly do not know…”). P1 responded to P10 with the following statement and calculations 

shown in Figures 23 and 24,  

Hi P10. Show below is my work to find the y value of the function at x = -1. 

Essentially, all you need to is cancel out the problematic term here, (x+1). You can 

see how it causes a problem, becoming zero on both the numerator and denominator 

of the function, which translates to an output that we still can’t understand. To get 

rid of this problem, you simply divide out the term, then input x = -1 in to solve for 

y. let me know if you have some questions 

 

Figure 23: Data provided by P1 
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Figure 24: Additional data provided by P1 

The reply above was coded for cohesive presence because it contained a question. P10 

then responded to P1, first thanking him for the detailed explanation and then asking him a 

question. In return, P10 replied,  

Hey P1, thank you so much for explaining! I have one quick question, if the (x+1) 

is not also on the top, and thus unable to cancel, would you still be able to solve it? 

Or would that just not happen? Thanks again! 

P1 responded to P10 with a different scenario where (x+1) was not a common term between the 

numerator and the denominator of the function. In his second reply, he stated,  

Ah, good question. If the (x+1) term was not on the top, it would simply represent 

an asymptote, rather than a hole, since instead of entirely breaking the function with 

a 0/0 when -1 is inputted, you would get -9/0, which represents infinity (in most 

cases). It would also be an entirely different function. 

P1 used a different mathematical function to explain this other scenario. His approach is shown 

in Figure 25, 
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Figure 25: More data provided by P1 

In the exchange between P1 and P10, the element of affective presence within P10’s 

initial post and P1’s reply may explain the back-and-forth conversation. This is because P10 

disclosed she was unsure about a mathematical idea and may pay attention to her thread. It is 

reasonable to assume she may have been more attentive to her thread to learn how others may 

have approached the task. This also implies she may have been open to a conversation. 

Additionally, P1’s reply indicated he may have been open to a discussion because it contained 

cohesive and interactive presence. Hence, the elements of social presence within P10’s initial 

post and P1’s reply may have produced the two-way interaction. 

Similarly, during the interview, P17 described that he chose to reply to students that 

needed help on their initial posts. He stated,  

I chose to respond to P11’s initial post because I think that he was confused, and I 

was like oh (he snapped his finger) and said I could help him with this. 

It is reasonable to assume that for P17 initial posts with evidence of self-disclosure were more 

likely to receive more replies than when initial posts contained no evidence of social presence. 

However, the presence of self-disclosure alone did not yield more two-way interactions. For 

instance, other forms of social presence like cohesive and interactive indicators in initial posts 

also resulted in more replies than in threads that had initial posts with no evidence of social 
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presence. As shown in Figure 26, for week 3, P20, and P2 received many responses from their 

colleagues.  

 

Figure 26: Social network analysis for week 3 

P20 received four responses and P2 received three responses. It is reasonable to assume 

that P20 received many replies because her initial post warranted a code for interactive behavior. 

More particularly, P20’s initial post included images of her mathematical work responding to the 

prompt, and then concluded with,  

I clearly described why I chose the answers I did by showing my work and 

demonstrating to you guys why I chose the answers that I did. If anything is 

confusing or looks incorrect, please describe below. Thank you! 

The responses to P20 included posts that contained elements of approval or agreement. For 

example, P12’s response to P2 had an agreement. He stated, “P20, your solution for the hole of 

the graph of the function is correct.” Similarly, P13’s response to P20 indicated praise. He stated, 
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“I like how detailed your work is.” Likewise, P9’s response to P20 also indicated both an 

approval and agreement. P9 stated,  

Hello P20, You and I came to the same conclusions, I found your method of using 

both graphical and algebraic methods to solve and check your work to make a lot 

of sense and I look forward to seeing more of your work.  

Similarly, P2’s initial posts included elements of cohesive indicators. More specifically, she 

stated that “This week we learned about limits and what is happening on the graph” The use of 

“we” signals a cohesive behavior. From analyzing P20, and P2’s threads, students sent more 

messages to students whose initial posts contained social presence elements. 

Together, analyzing students’ posts and interviews, threads that had initial posts with 

evidence of social presence tended to yield more replies and were more frequently involved in 

two-way conversations. Tu (2002) found that increases in social presence encouraged 

interaction. More recently, Zhao and colleagues (2014) found that increases in social interactions 

may have resulted from the social presence within posts. These studies examined students’ 

interactions and social presence in an online linguistics course. The current study confirms their 

findings in the context of an online mathematics class. As seen in interviews with students and 

the analysis of their discussion posts, students tended to interact more with each other when there 

was evidence of social presence within their colleagues’ posts. Thus, social engagement is 

associated with social presence. In conclusion, results from this study indicate grouping students 

for discussions and evidence of social presence within initial posts yielded more productive 

forms of social engagement between students in discussion forums.  
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Nature of Students’ Social and Cognitive Engagement  

The results of data analysis in this study provided limited evidence to suggest a direct 

relationship between students’ social and cognitive engagement experiences. More specifically, 

regardless of the nature of students’ social engagement, the cognitive demand of the weekly 

tasks explained the variation of cognitive engagement demonstrated in replies. In other words, 

for either two-way interactions or one-way interactions, students demonstrated their cognitive 

engagement. For instance, in weeks 10, 11, and 13, where students discussed high-cognitive 

demand tasks, there were more reply posts with codes for cognitive engagement during one-way 

interactions. However, in weeks 4, 6, 7, and 9, where students discussed high-cognitive demand 

tasks, there were more reply posts with codes for cognitive engagement during two-way 

interactions. On the other hand, in weeks 5, and 8 where students discussed low-cognitive 

demand tasks, there were fewer reply posts with codes for evidence of cognitive engagement 

demonstrated during two-way interactions. While in week 3, where students discussed a low-

cognitive demand task, there were fewer reply posts with evidence of cognitive engagement 

during one-way interactions. Hence, it appears that the nature of social engagement is not 

directly correlated to more or less evidence of cognitive engagement demonstrated in replies. 

Instead, the cognitive demand of weekly tasks appeared to influence the nature of cognitive 

engagement demonstrated in replies regardless of the nature of students’ social engagement.  

Additionally, regardless of whether students worked in groups for weekly discussions, 

the dynamics of cognitive engagement demonstrated in replies were influenced by the cognitive 

demand of the task. For instance, in weeks 4, 10, 11, and 13, where students discussed high-

cognitive demand tasks, more evidence of cognitive engagement was demonstrated in reply posts 
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even though students were ungrouped for discussions within these weeks. Similarly, in weeks 6, 

7, and 9, where students discussed high-cognitive demand tasks in groups, there were more reply 

posts with codes for evidence of cognitive engagement. Alternatively, during grouped 

discussions for week 5, there were fewer reply posts with codes for cognitive engagement while 

students discussed a low-cognitive demand task. On the other hand, in weeks 3 and 8, where 

students were ungrouped and discussed low-cognitive demand tasks, there were fewer reply 

posts with codes for cognitive engagement during two-way interactions. Thus, regardless of 

whether students worked in groups, the variations of cognitive engagement demonstrated in 

replies were influenced by the cognitive demand of tasks.    

Additionally, partitioning the data by the component of argumentation and the interaction 

did not show any relationship either. In other words, the presence of claims only, or claims and 

data only, or claims, data and warrant only did not yield any specific type of interaction (one-

way or two-way interactions). For instance, an initial post that includes claim and data may elicit 

three two-way interactions. Similarly, an initial post that includes claim and data may elicit three 

one-way interactions.  

Furthermore, in her interview, P10 explained she was less likely to have a conversation 

with the author of an initial post with at least claims and data. She stated,  

There was one time we were working on a word problem which I have trouble with. 

Someone had really good explanation of how they did it. They had also posted five 

pictures of all of their work. Um I thought that was like a really helpful thing. 

Because I kind of like got it and I had posted something. I don’t think I got the right 

answer. But this one student had posted a really helpful post. It was basically step 

by step procedure. Looking back it probably would have been a good thing to have 

a conversation with the person. That never crossed my mind to have a back-and-

forth conversation. But now I know. 
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From the above, it is possible that a post with at least a claim and data may not result in two-way 

interactions because as in this example, P10 did not have a conversation with her colleague 

because she did not have any meaningful feedback. Hence, after analyzing students’ posts and 

interviews, results from this study indicate potentially grouping students for discussions and 

projects, and the forms of social presence within initial posts were associated to the nature of 

students’ social engagement. At the same time, the cognitive demand of weekly prompts appears 

to influence how students demonstrated their cognitive engagement while replying to each other 

during discussions. In the next chapter, I explain the implication and opportunities for teachers 

and researchers.   
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CHAPTER FIVE 

CONCLUSIONS AND IMPLICATIONS 

Introduction 

Student engagement is a necessary construct that improves students’ success. This study 

investigated the nature of students’ behavioral, cognitive and social engagement experiences in 

an asynchronous online Calculus I course. Results from this study provide essential findings 

which may be leveraged to inform online Calculus instruction and research. First, I discuss 

conclusions based on students’ behavioral, cognitive and social engagement experiences. Then, I 

end this chapter by suggesting implications for practice and research.  

Conclusions based on Students’ Behavioral Engagement. 

In terms of behavioral engagement, on average, 80% of the participants in this online 

course routinely posted every week. However, it was more common for nearly 100% of the 

participants to create a thread and make replies during the first three weeks of data collection. In 

this regard, students’ initial posts were more numerous in the first three weeks of data collection 

(weeks 3, 4 and 5), with an average number of 21 initial posts per week. In comparison, the 

average number of initial posts after week five was 18 per week. Additionally, few students 

tended to create initial posts early during a given week. Most students posted mid-week, usually 

Wednesdays, with remarkably very few students creating threads at the end of the deadline.  

It is reasonable to assume students made weekly posts because it was part of their weekly 

checklist and expectations. For example, the instructor created two additional open forums where 
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students could communicate with their classmates about the two cumulative evaluations. The 

instructor explained that participation was not required and that he would only briefly monitor 

these forums. In both instances, very few students created threads and responded to their 

colleagues. In particular, when students were preparing for their first cumulative evaluation 

(week 5), only three students started a thread in the open forum. Similarly, for the second 

cumulative evaluation (week 8), only two students created a thread in the open forum. Student 

participation did vary somewhat in the required discussions, in particular, they posted more 

replies in the required weekly discussions for weeks 5 and 8. In fact, in week 5, there were 46 

replies and 40 replies for week 8. Thus, creating a structured timeline and expectations for 

students does appear to influence students’ postings. To sum up, a majority of participants 

followed the baseline expected routine of creating a thread and responding to each other as 

instructed. 

Conclusions based on students’ cognitive engagement experiences 

Regarding students’ cognitive engagement experiences, it was more common for 

students’ posts to include claims and data only. Also, very few students’ posts included all three 

components of the core of an argument. Results from this study indicate that the cognitive 

demand of weekly tasks does appear to influence the patterns of cognitive engagement 

demonstrated through discussion posts. In particular, tasks categorized as high-cognitive demand 

tasks (Smith & Stein, 1998) tended to elicit more replies containing at least one component of an 

argument. Those categorized as low-cognitive demand tasks tended to elicit fewer replies with at 

least one component of argumentation. Concerning initial posts, it was more common for all 

students to demonstrate their engagement with mathematical concepts. This is evidenced by the 
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fact that, throughout the weeks focused on concepts of limits and derivatives, only a single initial 

post out of 191 did not warrant a code for cognitive engagement. 

Conclusions based on students’ social engagement experiences 

Recall that in this study, I conceptualize students’ social engagement as the student-to-

student interactions within the course. During the ten weeks of discussions, three primary forms 

of interaction emerged: one-way interactions, two-way interactions within a single thread, and 

two-way interactions across different threads. Overall, there were 6 two-way interaction across 

threads, 110 one-way interactions and 87 two-way interactions within threads. 

Additionally, results make it apparent that two-way interactions do not occur 

automatically in an asynchronous online class. Two-way interactions require students to at least 

post in a discussion. However, making an initial post does not necessarily lead to two-way 

interactions. In particular, assigning students to a group during weekly discussions yielded more 

student-to-student interactions than when students were not grouped for discussions. More 

specifically, of the 87 two-way interactions that occurred throughout the ten weeks of 

discussions, roughly 60% took place in weeks when students were assigned to groups.  

In this study, though, grouping students for discussions was not the only factor 

contributing to more two-way interactions. For instance, in weeks 4 and 8, students were not 

assigned to the group, yet there were 15 and 11 two-way interactions within threads, 

respectively. Weeks 4 and 8 stood out from the other weeks when students were not grouped 

because more than half of the 35 two-way interactions within threads in weeks when students 

were not assigned to groups took place in these two weeks. Further analysis of content within 

posts showed that initial posts with social presence yielded more two-way interactions. More 
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specifically, 67 of the 87 two-way interactions were started by threads that had initial posts with 

social presence evidence. Thus, the combined factors of students working in small groups for 

discussions and students making initial posts with evidence of social presence appear to yield 

more social engagement among students. Prior to this study, I anticipated that there would be 

few student-to-student interactions, but I observed more student-to-student interaction in this 

online Calculus I course. Below, I discuss implications of results from this study that can be used 

to inform teaching and research. 

Implication for Practice 

This study was conducted in an asynchronous online Calculus I course that deliberately 

promoted rough draft thinking, encouraged productive online discussions, grouped students for 

discussions, provided high-cognitive demand tasks for weekly discussions, and emphasized 

communicating mathematical understanding and thinking on tasks. These strategies and 

structures were consciously designed into the course in an effort to enhance student engagement. 

Below, I discuss the implications of this study for mathematics teachers.  

In an online mathematics course, instructors should promote rough draft thinking as an 

instructional strategy. As described in Chapter 3, the purpose of evaluating online discussions 

based on mathematical substance over correctness was to signal students that these online 

discussions were intended to highlight their in-the-moment rough draft thinking (Jansen, 2020), 

defined as productively struggling with mathematical ideas and then making revisions when 

needed to improve mathematical understanding. The instructor’s role in Calculus classes is very 

critical in encouraging students to continue in mathematics and subsequently STEM fields. In 

fact, in the CSPCC study, most students responded they believe the role of the instructor is to 
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help them learn how to reason through problems which includes unsuccessful attempts (Bressoud 

et al., 2015). Rough draft thinking directly aligns with this recommendation for supporting 

student learning in Calculus I. For instance, in this study, students could easily express their 

unsuccessful attempt(s) in solving mathematical tasks and were given opportunities to discuss 

and revise based on their original thoughts. In sum, promoting rough draft thinking also helps 

students to reason through mathematical tasks and was effective in the online course in this 

study.   

Furthermore, in this study, the use of rough draft thinking strategy allowed students to 

open up and express their social presence during their posts. For example, in this study, it was 

common for students to include elements of affective presence in their initial posts. Students 

tended to use self-disclosure—a form of affective presence to lessen the communication gap 

between students and their peers—and they explained during interviews that they were more 

likely to respond to posts that included self-disclosure. Thus, instructors should consider using 

the rough draft thinking strategy in the online mathematics classroom to also encourage students 

to open up and express their social presence, which subsequently yields more student-to-student 

interactions, as seen in this study.    

  Teachers should consider grouping students for weekly discussions and projects. In this 

study, it was evident from both students’ discussion posts and interviews that working in groups 

promotes more student-to-student interactions. In fact, six students interviewed all responded  

they enjoyed working in groups for discussions and projects. For example, according to P1, 

students were likely to interact with one another when working in grouped discussions because 

of their co-reliance on each other. Also, in general, there were more two-way interactions during 
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weeks when students were assigned to groups than when students were not in groups. More 

specifically, there was a weekly average of 13 two-way interactions when students were in a 

group and 6 two-way interactions when students were not grouped. These results suggest that 

grouping students for asynchronous online discussions can increase the number of two-way 

interactions during online discussions. Additionally, it is worth noting that when students were 

not grouped for discussions, it was not uncommon for some students to fall back on lurking 

rather than actively participating. Alternatively, in this study, not even a single participant lurked 

when students were in a group during weekly discussions—all students who worked in groups 

during weekly discussions created an initial post and made at least one reply. In this regard, 

instructors should consider incorporating group work during asynchronous online discussions to 

promote more social engagement. 

In this study, the instructor often used tasks categorized as high-cognitive demand tasks 

(Smith & Stein, 1998). In fact, apart from weeks 3, 5, and 8, each weekly prompt was 

categorized as high-cognitive demand. Hence, students mainly discussed high-cognitive demand 

tasks for weekly discussions. And as described in Chapter 4, tasks categorized as high-cognitive 

demand tended to elicit more replies containing claims, data, and warrant or rebuttals. Those 

categorized as low-cognitive demand tended to elicit fewer replies having the component of an 

argument. Thus, from the perspective of argumentation, the cognitive demand of tasks influences 

patterns of cognitive engagement demonstrated through discussion posts. In this regard, 

instructors must carefully select tasks for weekly discussions. More particularly, if an instructor 

wants to elicit students’ engagement with mathematical concepts, then the cognitive demand of 

the task should be examined before being assigned to students for weekly discussions. 
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Furthermore, instructors should consider establishing clear expectations in asynchronous 

online discussions. This study indicates that students are more likely to participate in online 

discussions when weekly participation is mandatory than when it is optional. For instance, in the 

two optional and open forums where participation was not required, students rarely posted in 

such threads. In fact, only three students created a thread in the first open forum, and for the 

second open forum, only two students created a thread. Alternatively, in the required weekly 

discussions, roughly 80% of the participants consistently posted. Thus, creating a structured 

timeline and expectations for students to post during a weekly discussion does appear to 

influence students’ postings. Hence, instructors should make discussions compulsory if they 

want students to participate. 

Finally, teaching mathematics online is a controversial issue discussed by many 

researchers (Bernard et al, 2004; Lohken, 2011; Trenholm, 2013). Some researchers show a 

skeptical stance regarding the effectiveness of a fully asynchronous online mathematics courses 

(e.g. Bernard et al., 2004), and some describe mathematics as one of the most challenging and 

difficult subjects to be delivered online (Lohken, 2011). In fact, Trenholm’s study (2013) on the 

adaptation of tertiary mathematics to the virtual medium contends that mathematics instruction is 

best suited to the classroom. However, this current study offers online mathematics instructors 

strategies that can promote students’ cognitive engagement, social engagement and behavioral 

engagement in a fully asynchronous online mathematics courses.  

Implications for Future Research 

As previously discussed in Chapters 1 and 2, research about student engagement have 

primarily and historically focused upon increasing achievement, positive behaviors, and a sense 
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of belongingness in students so that they might remain in school (Taylor & Parsons, 2011). 

Because the focus was on high school completion, research efforts targeted elementary, middle, 

and high school students (Willms et al., 2009). To date, little research exists on student 

engagement in online undergraduate mathematics courses and, particularly, online Calculus 

courses. Therefore, this study provides an essential contribution to the literature as far as 

understanding the ways students engage in an online Calculus I course is concerned. The results 

show that tasks do appear to influence the nature of students’ cognitive engagement. 

Additionally, grouping students for discussions and evidence of social presence within their 

initial posts promotes more social engagement among students. It is hoped that the results of this 

study will contribute to the larger bodies of research in student engagement. 

           Regarding future research, further studies need to be conducted to investigate the 

relationship between students’ social and cognitive engagement experiences. This study has 

limited evidence to suggest a direct connection between students’ social and cognitive 

engagement during asynchronous online discussions. In fact, whether two-way or one-way 

interactions, students demonstrated their cognitive engagement. Pursuing this line of research 

can explain whether peer-interaction activities increase cognitive engagement. Conducting 

research to delve deeper into students’ social and cognitive engagement experiences could help 

create an environment that promotes social interaction and mathematical thinking 

simultaneously.   

Furthermore, as discussed in Chapter 2, there is the need to understand students’ 

engagement experiences from a multifaceted perspective: social, behavioral, emotional and 

cognitive dimensions. Results of this study indicate these dimensions may be related. For 
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example, regarding behavioral engagement, on average, 80% of students consistently followed 

the expectations of posting. It is possible that such high behavioral engagement may have 

promoted cognitive engagement. Similarly, it could be possible that social engagement may be 

connected to behavioral engagement. While I did not pay particular attention to emotional 

engagement in this study, results of this study indicated that emotional engagement may have 

promoted more social engagement in the online Calculus I course. For instance, as discussed in 

Chapter 4, evidence of affective presence in initial posts tended to promote more social 

engagement. These occurrences make me wonder how social and emotional engagement may be 

related to other components of engagement. However it was not the purpose of this study to 

examine the relationship between the dimensions of engagement. Additional research needs to be 

conducted to understand these relationships.  

 Toulmin’s (1958/2003) argumentation model offers a useful conceptualization of 

students’ cognitive engagement. This lens informed data collection and analysis methods for this 

study and allowed for results to be interpreted to address the question of students’ cognitive 

engagement experiences. In doing so, additional questions and future research were uncovered. 

As explained in Chapter 3, this study was conducted in an online class taught by an instructor 

who had a high level of implementation using argumentation. For example, when students 

struggled to meet the expectations of effectively communicating their mathematical thinking 

with written explanations and mathematical justifications, the instructor created a new weekly 

discussion to allow students to reflect on and revise their posts to include components of 

argumentation. In fact, the instructor continuously encouraged students to use the components of 

argumentation while posting, and ultimately, students understood that they had to include 
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components of argumentation in their posts. However, it is unknown whether the results of this 

study can be applied to other mathematics teachers who have relatively less experience with 

Toulmin’s argumentation model. I wonder what kinds of difficulties these teachers might face 

when they try to implement argumentation in their classroom? Much work remains to be done to 

evaluate the application of Toulmin’s argumentation in a wide range of contexts and at a larger 

scale to understand cognitive engagement from the perspective of argumentation.   

 Future studies concerning mathematics student engagement and learning in online 

discussions are needed. In face-to-face settings, others have found that engaging students 

supports learning and understanding (Bobis et al., 2016). This study is a first step in 

understanding the ways students engage with each other and with mathematics in online settings. 

More particularly, this study described the nature of college students’ behavioral, cognitive, and 

social engagement experiences in an asynchronous online Calculus I course. However, much 

work remains to be done to understand how students’ engagement experiences support learning 

in an online mathematics classroom. 

 Finally, as mentioned earlier in Chapters 1 and 2, there is the need to support 

underrepresented and underserved minority students. I was drawn to this study because of my 

interest in increasing individuals’ access to STEM disciplines. Additionally, research has shown 

that students’ experiences in Calculus I can be viewed as a foundation of success in STEM 

careers. Furthermore, engagement as a construct has explained students’ persistence, and 

achievement. Because I strongly believe that engagement is an important component of learning, 

I focused this study on the nature of engagement experiences. However, I believe this is only the 

first step in making STEM accessible to all. The next step is to investigate the details of how 
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engagement in Calculus I leads to increased learning in Calculus, and after that how increased 

learning in Calculus promotes a STEM for all. I must admit that I may not know the details of 

how this research trajectory may pan out. Nonetheless, I am optimistic that understanding the 

different ways of engaging underrepresented and underserved minority students in Calculus may 

just be a way in making STEM accessible to all.  
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Mathematical Work 
Category Description 

Exemplary  

- Student work demonstrates solid mathematical thinking and full 

understanding of mathematical ideas. 

- Responses fully meet expectations; they are all correct and complete. 

- Used appropriate representations (formulas, diagrams, graphs, or pictures) 

with no errors. 

- No algebraic mistakes. 

Proficient  

- Student work demonstrates substantial understanding of mathematical ideas. 

- Some responses are mostly correct; however, there might be one or two minor 

conceptual errors. 

- Used representations (formulas, diagrams, graphs, or pictures) with minor 

errors. 

- Work may contain minor algebraic mistakes. 

Developing  

- Student work demonstrates limited mathematical thinking and understanding 

of mathematical ideas. 

- While responses are sometimes correct, student falls short of providing 

workable solutions. 

- Tools and techniques are rarely used or are used inappropriately. 

- Work is present AND may contain one algebraic mistake 

Emerging  

- Student work demonstrates little mathematical thinking and understanding of 

mathematical ideas. 

- Response shows little or no progress toward accomplishing mathematical 

tasks. 

- There is little correct or appropriate use of tools, techniques, or 

representations. 

- Work contains major algebraic mistakes 

No Credit  

- No mathematical work is present (even if a correct “answer” is provided) 
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Justification & Explanation 

Category Description 

 

 

 

 

Exemplary 

 

- Explanation is clear and concise. 

- An in depth explanation of mathematical reasoning was provided that DOES 

MORE than list properties used to move from one step to the next. 

- Always used appropriate mathematical terms and notation to describe 

reasoning. 

- Student demonstrates solid mathematical thinking and full understanding of 

math ideas. 

- Responses fully meet expectations; they are all correct and complete. 

- Thoroughly explains WHY steps are taken in solutions with no errors in logic. 

 

 

 

Proficient 

 

- Explanation helped support your work. 

- A somewhat in-depth explanation of mathematical reasoning was provided. 

- Mostly used appropriate mathematical terms and notation to explain 

reasoning. 

- Student demonstrates substantial mathematical thinking and understanding of 

math ideas. 

- Explains WHY steps are taken in solutions. May contain minor errors in logic. 

 

 

 

 

 
Developing 

 

- Explanation was incomplete or redundant. 

- Explanation was not clear at times. 

- Did not use appropriate mathematical terms and/or notation to explain 

reasoning. 

- Student work demonstrates limited mathematical thinking and understanding 

of math ideas. 

- While responses are sometimes correct, student falls short of providing 

workable solutions. 

- Explanation ONLY lists properties used in solutions. Limited attention on 

WHY. 
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Emerging 

 

- Thinking is difficult to follow. 

- No explanation was given. 

- Student work demonstrates little mathematical thinking and understanding of 

math ideas. 

- Responses show little or no progress toward accomplishing mathematical 

tasks. 

 

No Credit 

 

- No work or mastery is presented. 
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1. Please provide your name  

 

2. Is this your first online mathematics class? 

 

3. What is your email address? 

 

4. What is your intended major? 

 

5. When do you intend on graduating? 

 

6. When did you decide on your intended major? 

 

7. What made you choose your major? 

 

8. Which math class are you planning on taking next? 

 

9. How do you feel about taking an online calculus class? 

 

10. Would you please describe your experiences working in pairs and groups? 

A. Describe your experiences when you worked with different group member(s) during 

mathematics classroom.  

B. How do you relate to your different group members?  

C.  What kinds of group type do you prefer, pairs or groups? And why?  

D. Who do you feel comfortable or uncomfortable working with? And why? 

E. What are your ways of interacting when you work with different partners? Any 

similarities or differences? 

F. Tell me about your best experiences  

G. Tell me about your worst experiences  

 

11. How does your experience in pairs and groups influence your mathematics learning?  
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A. How do those interactions influence your mathematics learning during pair or group 

work? 

B. How do you show your agreement and disagreement when working with others?  

C. What do "um hum" "uh huh" "yeah" "yah" "right" mean to you?  

D. Do you invite your partner to speak first? If so, why?  

E. Why do students repeat a few words that their partners just said?  

F. How do you ask for help from partner(s)? 

 

12. Do you think your partner(s) provide help for your mathematics learning? If yes, in what 

ways? If not, how does your partner(s) make it difficult for you to learn mathematics? 

 

13. Please describe your gender identity. 

 

14. With what race and ethnicity do you identify? 
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Background/Perceptions of the course 

1)  Please describe your overall experience in this online class. (Wait and listen – if the 

student needs a nudge, add for instance, did you enjoy the class.) 

2)  Can you tell a positive experience, if any, in this class? 

3)  Can you tell a negative experience if any, in this class? 

4)  How have your  experiences in this online mathematics class been  similar or different to 

what you have experienced in face-to-face mathematics classes. 

5)  What features of the online environment in this class were most supportive to your 

learning? (Wait and Listen- If the student needs a nudge, ask for instance, was there something 

that worked better in this online class?) 

a)  Follow up: What features of the course were impactful? 

b)  Follow up: What features of the course were cumbersome? 

6)  Would you take a mathematics online class in the future? If yes, please explain. If not, 

please explain. 

  

Learning Process(es) 

1)  Please describe your learning processes throughout this online class. (Wait and listen- if 

the student needs a nudge… for example, if new materials were introduced, how did you go 

about learning it?) 

2)  How have your learning processes in this online mathematics class been similar or 

different to what you have experienced in face-to-face mathematics classes? 

3)  What are the concept(s) you think you mastered in this class? 

a)  Follow up: What evidence tells you that you have achieved mastery? (Wait and 

listen- if the student needs a nudge- limit, derivative, think) 

4)  What are concepts that you still struggle with in this class? 

a)  Follow up: What made this challenging to understand? 

5)  Let’s talk about when you were studying the chapter on basic derivatives, please describe 

all the ways you interacted with other students during this chapter. 

6)  How did those interactions contribute to your learning in this online class? 
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7)  How did participation in the discussion boards contribute to your learning in this class? 

  

Discussion boards/interactions 

1)  Tell me a story about a time when you interacted (or exchanged ideas) with other 

students in the discussion while working on a task.” (Wait and listen – if the student needs a 

nudge, add…) “For example, have you ever compared your thinking to someone else, or used 

their ideas in your own solution? 

2)  How did you decide who to respond to during discussion? ( Wait and Listen- If the needs 

a nudge, add.. did their nature of their post(s): claim, data and warrant play a role in deciding 

who to respond). 

3)  In the first few weeks we learnt about productive mathematical discussion. How did 

this  influence your posts during this class? ( the instructor’s purpose)   

4)  What role do you think your discussion contribution played in other peoples’ learning? 

5)  What influenced your participation in the discussion boards during this class? 

a)  Follow up: Can you tell me about a time where it was challenging to post on a 

discussion board and why? 

b)  Follow Up: Can you tell me about a time you felt confident or empowered to post 

on the discussion board and why? 

6)  Did the online discussion board help you to connect/interact with students outside the 

class? 

7)  Did the online discussion boards help you communicate your mathematical thoughts? 

8)  How have your interactions with students been similar or different to what you have 

experienced in face-to-face mathematics classes? 

9)  Did you ever write a post and after reading it make revisions and then submit? 

a)  Follow up: After submitting a post did you ever want to make revisions or 

changes, but you couldn’t?  If yes, please be as specific as you can. (Note: Why did 

Specific Prompts 

1)  Think about a particularly memorable interaction / discussion that took place during  this 

class. 

a.      Describe the event. 

b.  What did you experience during this event? What made it memorable? 
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Show them three threads- Ask them to pick one. 

2)  Which of these would you like to talk through, or you remember while participating in 

this thread? 

a)  What were the mathematical contributions you provided in this thread? 

b)  What mathematical contributions did others provide in this thread? 

i)                Follow up: Did others challenge your mathematical contribution? 

Did they support and extend your mathematical contribution?  

c)  How did the back and forth in this thread contribute to your 

understanding? 

End of Interview Questions. 

Do you have any questions for me? 

Our conversation might have reminded you of your experience in this online class, what else do 

you want to share? 
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