
ABSTRACT 

LOPEZ TORRES, JONATHAN. Their Voices, Lived Experiences and Perceptions: A Mixed 

Methods Study on Non-STEM Undergraduate Students in General Education Mathematics. 

(Under the direction of Dr. Karen F. Hollebrands and Dr. Robin K. Anderson). 

 

Non- science, technology, engineering, or mathematics (STEM) undergraduate students 

tend to have pervasive math anxiety, negative attitudes, and low mathematics self-efficacy 

beliefs (Klinger, 2008). Researchers have designed curricula for non-STEM undergraduate 

students to address these issues and promote quantitative literacy. However, a common 

conclusion is that “expectations of excellence gave way to experience of mediocrity” 

(Krishnannair, Maharaj, & Brijlall, 2017, p. 306). Therefore, to better understand how non-

STEM undergraduate students perceive their experience of taking general education mathematics 

courses, a multi-phased exploratory sequential design (Qual → QUAN→ Qual) was conducted. 

A phenomenological study (phase one) was conducted to understand non-STEM students’ 

essence of their experiences in the general education mathematics course. This was followed by 

a quantitative extension of that exploration (phase two). Results from the first phase were used in 

the second phase of this study to develop a survey-type instrument that was administered to 

students enrolled in a general education mathematics course. Main variables resulting from phase 

one and later analyzed in phase two include the basic psychological needs (BPNs) of autonomy, 

competence, and relatedness, different types of motivation according to the Self-Determination 

Theory, mathematics anxiety, and perceived utility. Significant differences found based on 

student variables, such as sex, academic major, and the last mathematics course taken in high 

school, are reported to identify factors influencing their experience. The third phase consists of 

focus group interviews. This type of inquiry considered group differences when explaining the 

essence of the lived phenomenon.  



Many statistically significant findings were found. First, students reported feeling only 

slightly anxious in the general education mathematics course and significantly less anxious than 

in high school. While most of their anxiety came from evaluations, females reported feeling 

significantly more anxious about learning math in the course than males. Females attributed this 

difference in math anxiety to the pervasive stereotypes about females in STEM fields. While the 

BPN of competence was on average satisfied, neither the need for autonomy nor the need for 

relatedness were. Students attributed that to the rigid structure of the course and the lack of 

opportunities to interact with other students in the asynchronous course. Moreover, females 

reported significantly higher scores of the satisfaction for the need for competence and the need 

for relatedness than males. Although students felt motivated to learn, they felt significantly more 

motivated by controlling motives than by autonomous ones. Specifically, females reported 

significantly higher scores for controlling motivation than males. Students explained that the 

grades are the strongest motivator for them as it would allow them to receive different rewards, 

such as higher GPA, financial aid, and better probabilities of getting a good job, which for them 

is more important than learning math. Students also perceived the course to be between neither 

useful nor useless and slightly useful. This result varied based on academic major.  

 For these students, the relationship between the satisfaction of each of the BPNs and an 

autonomous motivation was mediated by the perceived utility of the course. Therefore, the 

perceived utility of the course seems to be the most important variable in promoting an 

autonomous motivation in these non-STEM students. Implications of this study are provided for 

high school teachers, general education mathematics instructors, curricula developers, and 

mathematics education researchers.    
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CHAPTER 1: INTRODUCTION 

Background of the Study/Problem Statement 

Non-Science, Technology, Engineering, and Mathematics (STEM) undergraduate 

students tend to have pervasive math anxiety, negative attitudes towards mathematics (ATM), 

and low mathematics self-efficacy beliefs (Klinger, 2008). Some researchers have tried to 

address this and other issues specific to this population by developing a curriculum focused on 

essential skills and concepts, and interdisciplinary authentic contexts at appropriate levels for 

non-STEM students. However, they conclude that “expectations of excellence gave way to [an] 

experience of mediocrity” (Krishnannair, Maharaj, & Brijlall, 2017, p. 306). Moreover, Asera 

(2011) explains that the designed curricula usually lack direct connections to students’ goals and 

future careers, even when the curricula are specifically designed for non-STEM undergraduate 

students. Therefore, it seems that the curricula might not be leveraging non-STEM students’ 

academic needs and future. Leveraging them could potentially provide better and more useful 

experiences for these students in those general education mathematics courses.  

These general education mathematics courses are important for non-STEM students 

because being able to reason mathematically to understand and solve problems is as important as 

ever. Being able to do so is crucial in better understanding important topics such as inequity, 

politics, and climate change. As a democratic society, adults should understand such topics that 

affect all of us. Also, the current job market demands quantitative skills from college graduates, 

regardless of career (Dingman & Madison, 2010). Therefore, to be able to function in the current 

society, people need to be able to process and understand quantitative information (Shavelson, 

2008). Thus, a disservice to non-STEM students is a disservice to us all.  
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Naturally, considering students’ perspectives and addressing students’ concerns in the 

process of creating an effective curriculum and its implementation can potentially increase 

students’ overall satisfaction and performance (National Research Council [NRC], 2004). 

Therefore, a first step in deciding whether a general education mathematics course should be 

optimized to better cater to non-STEM undergraduate students’ interests and professional needs 

would be to understand how they perceive their experiences in such a course. That is, we need to 

listen to their voices and understand how students’ perceptions and experiences vary.  

Purpose Statement 

The current problems can be summarized as follows: (a) Most studies fail to report non-

STEM students’ voices and experiences, (b) recently developed curricula do not meet these 

students’ needs or expectations, and (c) these students are usually a population that tends to have 

negative experiences and that is overlooked in mathematics education research. Therefore, this 

study provides an in-depth description of non-STEM students’ perceived experiences in a 

general education mathematics course and identifies factors that affect these students’ perceived 

experiences. Thus, the purpose of this study is fourfold: fourfold: (a) To understand how non-

STEM students perceive their overall experience in a survey course that uses “contemporary 

topics” in mathematics at a large public university located in the southeast region of the United 

States, (b) to examine how student-related variables are associated to their perceived experience 

in the general education mathematics course, (c) to explain why there are differences based on 

student-related variables using their voices, and (d) to identify what optimally motivates students 

in the general education mathematics course. Student-related variables include student academic 

major, socioeconomic status, sex, race/ethnicity, and last math course that they took in high 

school. In addition, their perceived experience is measured mostly in terms of their satisfaction 
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or frustrations of the basic psychological needs (BPNs) of autonomy, competence, and 

relatedness, perceived motivation, perceived utility of the content, and mathematics anxiety. 

Specifically, the study will answer the following research questions: 

1. How do non-STEM undergraduate students from a southeast university perceive the lived 

experience of taking an undergraduate general education course in mathematics primarily 

designed for them?  

2. Are there significant differences in math anxiety, the satisfaction of non-STEM 

undergraduate students’ basic psychological needs, motivation, and perceived utility of 

an undergraduate general education course in mathematics based on student-related 

variables such as sex, academic major, race/ethnicity, socioeconomic indicators, or the 

last mathematics course that students took in high school?  

3. What reasons do non-STEM undergraduate students provide for the significant 

differences found on math anxiety, satisfaction/frustration of the basic psychological 

needs, motivation, and perceived utility? 

4. What influences an autonomous motivation in non-STEM undergraduate students in a 

general education mathematics course at a southeast university?  

Overview of Methodological Approach 

To examine the four research questions, a mixed-methods study with a multi-phased 

exploratory sequential design was used (DeCuir-Gunby & Schutz, 2017). The first phase consists 

of a phenomenological study. This phase was conducted to understand the essence of non-STEM 

undergraduate students’ experiences in a general education mathematics course at a large public 

university in the southeast region of the United States. The second phase consists of the creation, 

distribution, and analysis of a quantitative instrument based on the results from the first phase of 
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this study. The purpose of this second phase is mainly to identify student-related variables 

associated with the main themes that emerged from the first phase. These themes were related to 

math anxiety, the frustration/satisfaction of the basic psychological needs, type of motivation 

according to the SDT, and perceived utility. The final phase consists of two focus group 

interviews. The focus group interviews allowed for deeper descriptions of the essence of being a 

non-STEM student in such a general education mathematics course based on different student 

profiles. 

 Semi-structured in-depth phenomenological interviews oriented toward the lived 

experiences of students, supplemented by memoing and field notes, were conducted as the first 

phase of the study. A description and a model of the essence of that experience were created 

focusing on factors that students perceived as influential to their experience. Those factors from 

the first phase, along with theory, are used in the second phase of this study to develop a survey 

that was administered to students enrolled in a general education mathematics course. 

Descriptive statistics, t-tests, ANOVA, MANOVA, correlation analyses, linear regression, 

multiple linear regression, hierarchical linear regression, and mediation analysis were used to 

describe students’ perceptions and experiences, to determine statistically significant differences 

between different student profiles, and to identify student-related variables influencing their 

experience. The third phase was used to explain some of the significant results from the second 

phase of this study. Collecting and analyzing mixed data allowed to cover both depth and 

breadth, and determine factors that are associated with differences in the overall perceived 

experience of the course. All this was done grounded in students’ experiences as they described 

them in phase one.   
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Overview of the Theoretical Lenses 

Having only one content theory to analyze the data would not be suitable, especially 

given this study’s exploratory nature. Hence, different theoretical and conceptual frameworks 

were used as lenses for this study. Although each of them is explained in more detail in the 

literature review, Ryan and Deci’s (2000) Self-Determination Theory is the main lens through 

which the data was analyzed. The SDT includes six sub-theories, three of which are used in this 

study. These sub-theories help explain how humans regulate their behavior, how the satisfaction 

and/or frustration of specific psychological needs impede or promote optimal motivation, and 

how to internalize and integrate behaviors with the self. They are best summarized in Figure 1.  

Figure 1 shows the BPNs, different types of motivation, how autonomous students are 

according to the different types of motivation, and the degree of internalization, among other 

descriptions. These three sub-theories are related to each other and their interpretation relies on 

the understanding of all three. Therefore, the figure intends to identify the main features of each 

theory, but some of the features overlap and are shared by more than one theory.  

Consider the small numbers 1, 2, and 3 in Figure 1 as references for some of the main 

features of the Basic Psychological Needs Theory (BPNT), Cognitive Evaluation Theory, and 

Organismic Integration Theory, respectively. According to Ryan and Deci (2007), we first have 

the BPNT. This theory explains that autonomy, competence, and relatedness are indicators of 

basic psychological needs in human beings. The BPNT’s main assumption is that optimal 

motivational function is achieved with the satisfaction of all these three needs. Therefore, the 

satisfaction or frustration of the needs of autonomy, competence, and relatedness are the starting  
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Figure 1  

Representation of SDT Illustrating the Features of three Sub-Theories: Basic Psychological 

Needs Theory, Cognitive Evaluation Theory, and Organismic Integration Theory (Ryan & Deci, 

2007) 

 

point of the motivational process. For example, the psychological need for relatedness may be 

satisfied for a student who knows most of the peers in the classroom, but it may be frustrated at 

the beginning for a student who feels like he or she does not belong. This difference in just one 

need may greatly affect these two students’ behavior and motivation significantly in the 

educational context.  

Subsequently, Cognitive Evaluation Theory describes the contextual contingencies that 

lead to the adoption of a specific type of motivated behavior or lack thereof. These contingencies 

are illustrated in the figure and provide defining features between intrinsic and extrinsic 
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motivation. For example, fun or engaging activities may lead to more intrinsic motivation. On 

the other hand, the use of tangible rewards is considered an external motivation and will diminish 

intrinsic motivation. More about the different types of motivations is provided in the literature 

review.  

Finally, the Organismic Integration Theory identifies the quality of motivation on a 

continuum ranging from highly autonomous to highly controlling. This theory, as a framework, 

describes how controlling or externally referenced contingencies can be internalized and 

integrated. The more internalized and integrated the more autonomous the behavior becomes. 

Vice versa, the more external the motivation is, the more controlled by external factors the 

motivation will be. A positive shift in the perceived locus of causality from external to internal or 

integrated can be achieved by aligning the behaviors to internal rather than external goals.  

Using these three sub-theories could help us understand students’ experiences in general 

education mathematics courses. For example, knowing whether their basic psychological needs 

are being satisfied or frustrated could let us know how their lived experiences in a general 

education mathematics course are affected. That is, knowing whether students’ behaviors are 

self-endorsed or congruent with their authentic interests and values (i.e. autonomy), how 

competent they feel, and how related they feel to the academic context may let us know a great 

deal of information about their perspectives of their lived experiences and overall satisfaction in 

the course. Similarly, what motivates students to learn, and how integrated they perceive the 

content to be with their goals will also provide us with information about their perceived 

experiences. However, other important psychological concepts, like attitudes toward 

mathematics, mathematics anxiety, and mindset, may also contribute to the researchers’ lenses. 

These factors and theories will not only give us information about how to understand their lived 
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experiences but will also help us identify ways in which curricula developers can optimize the 

course for such a population of students. 

Significance of the Study 

This multi-phased mixed-methods study deeply describes the reasons why many of these 

students feel and perceive the experience the way they do when they are enrolled in a general 

education mathematics course. Specifically, it will do so in terms of (a) how anxious this course 

make them; (b) how frustrated or satisfied the basic psychological needs of autonomy, 

competence, and relatedness are; (c) how motivated students are (amotivation, external 

regulation, introjected regulation, identified regulation, integrated regulation, and intrinsic 

motivation); and (d) students’ perceived utility of the course.  

To my knowledge, the first phase of this study would also be the first phenomenological 

study oriented toward the lived experiences of non-STEM undergraduate majors in such 

mathematics courses. In addition, the study is extended with the second phase. This quantitative 

portion of the study will allow for more valid and reliable generalizations about how other 

students feel about such a course in a particular university. Likewise, the developed quantitative 

instrument could potentially be used to identify other issues that had not been considered before 

about non-STEM undergraduate students in general education mathematics courses. The third 

phase will share students’ reasons for the results found in this study. 

More importantly, there is almost no literature about non-STEM students in general 

education mathematics courses. This dissertation provides a lot of information about these 

students in such a context that was not described in the literature before. This information could 

help especially instructors of general education mathematics courses and curricula developers for 

such courses as it provides students’ perception of their sources of math anxiety, their motivation 
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in those courses, the satisfaction/frustration of their psychological needs, and the perceived 

utility of the topics of the course.   

Inquiry Worldview 

As with any dissertation, one must also share one’s inquiry worldview as it may limit the 

scope of the analysis. Although (or specifically because) I draw from different inquiry 

worldviews, my inquiry worldview could be summarized as a pragmatic (or pluralistic) one. As a 

researcher, I use the approach that I think is the most efficient one in solving the problem under 

study or in answering the research questions, often including the integration of different 

methods, gathering different types of data, and conducting an analysis from different 

perspectives. This inquiry worldview is exemplified by this dissertation, as I used three different 

phases of data collection and multiple qualitative and quantitative analyses. 

Subjectivity Statement 

My experiences may also influence the way I analyze the data. However, I constantly 

check for implicit biases in my analyses. Nevertheless, I provide readers with a context of my 

experiences related to this study so that readers can also identify biases if there are any.  

Non-STEM undergraduate students are often required to take what may be the last one or 

two formal mathematics courses in their life as part of the requirements of their college degree. 

My experiences teaching a similar course made me realize that most of these students came to a 

new semester with little or no motivation, with many misconceptions in and about mathematics, 

and with the belief that mathematics at that level was not relevant to their major and/or future 

careers. Therefore, I became interested in how the application of mathematics to their lives, 

majors, and future careers would help them develop positive affect, cognition, and increase their 

achievement in mathematics.  



10 

 

As an undergraduate student, my experience was somewhat frustrating. I thought that I 

was finally going to be able to tell myself and my future students what mathematics is useful for. 

To my surprise, after taking approximately 16 courses in mathematics at the undergraduate level, 

which is close to twice what the regular mathematics teacher needs to take, none of the 

professors tried to focus their classes on the utility of mathematics.  

Although I was selected as the “the best student from the Mathematical Sciences 

Department” in the graduation ceremony, it was not until it was my turn to teach undergraduate 

students that I gave myself the task to know how to apply what I was going to teach. Inadequacy 

is one of the feelings that come to mind when thinking about these experiences. On the other 

hand, I have also experienced the frustration of studying something difficult and that seems to 

have no positive impact on one's life. This may be similar to what other students experience. 

However, my ontological assumption is that students may have different experiences or, even if 

they have similar ones, they may perceive a different reality from the one I perceived. Therefore, 

having disclosed my biases and experiences with the phenomenon of study, I have bracketed 

myself out from the processes of collecting and analyzing the data as suggested by many 

researchers (Colaizzi, 1978; Creswell & Poth, 2017). 
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CHAPTER 2: LITERATURE REVIEW 

A comprehensive search of the literature was conducted using the Education Resources 

Information Center (ERIC) and ProQuest Education databases, as well as the Google Scholar 

search engine, to search for theoretical and empirical studies that focused on non-STEM 

undergraduate students’ experiences in general education mathematics courses, their perceptions 

and the development of such courses. There is close to no literature on these topics or this 

particular population. In fact, most of the literature found was recent, suggesting that there might 

be more awareness now about the need to understand and improve non-STEM students’ 

experiences in such courses. 

Therefore, this literature review first evidences the need for mathematically literate 

civilians in the United States by using reports from international assessments. Second, it 

describes the different pathways for non-STEM students along with their specific issues. Third, it 

reports specific problems related to these students’ affective components in such courses. 

Finally, it summarizes psychological theories and concepts that will help in the analyses for this 

study.   

Critical Need for Mathematically Literate Civilians 

Adults in the United States are in critical need of quantitative literacy (or numeracy). In 

2012, when compared with the U.S. average score on the Programme for the International 

Assessment of Adult Literacy’s (PIAAC) numeracy scale for adults age 16 to 65, average scores 

in 18 countries were higher, in 2 countries they were lower, and in other 2 countries they were 

not significantly different (Goodman, Finnegan, Mohadjer, Krenzke, & Hogan, 2013). Moreover, 

there were no statistically significant changes in the percentages of adults performing at each 



12 

 

proficiency level in the numeracy domain between 2012 and 2017 (U.S. PIAAC, 2017). In fact, 

the average score for numeracy decreased from 257 to 255.  

International assessments are not the only indicator of such a need for quantitative 

literacy. The current job market demands quantitative skills from college graduates, regardless of 

career (Rivera- Batiz 1992; Steen 2001; Dingman, & Madison 2010). Moreover, there is a 

growing consensus that to be able to function in the current society, people need to be able to 

process and understand quantitative information (Shavelson, 2008). 

De Lange (2003) stated that to be mathematically literate individuals need to develop the 

competencies of (a) mathematical thinking and reasoning, (b) mathematical argumentation, (c) 

mathematical communication, (d) mathematical modeling, (e) problem posing and solving, (f) 

representation, (g) symbols, (h) and tools and technology. Similarly, the mathematics framework 

used for the Programme for International Student Assessment (PISA) defined mathematical 

literacy as follows:  

Mathematical literacy is an individual’s capacity to reason mathematically and to 

formulate, employ, and interpret mathematics to solve problems in a variety of real-world 

contexts. It includes concepts, procedures, facts and tools to describe, explain and predict 

phenomena. It assists individuals to know the role that mathematics plays in the world 

and to make the well-founded judgments and decisions needed by constructive, engaged, 

and reflective 21st-century citizens. (OECD, 2018, p. 7) 

Both definitions look quite ambitious but let us remember that the public system of education has 

at least 12 years to prepare students to be mathematically literate. Notwithstanding, according to 

OECD (2019), only 8% of the students in the United States can model complex situations 

mathematically and evaluate appropriate problem-solving strategies. This should not be 
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surprising, given that scores from PISA have been consistently placing U.S. students below the 

average score (OECD, 2019).  

 Knowledge is not everything. Gal (2002) proposed that statistical literacy is not only 

about knowledge but also about dispositions and affective components. Therefore, he includes 

having positive beliefs and attitudes and having a critical stance as part of being statistically 

literate. This could be extended to quantitative or mathematical literacy because, ultimately, 

without dispositions, one would not engage in quantitative activities.   

Non-STEM Students’ Pathways in General Education Mathematics Courses 

Given that mathematics is a key component in accessing higher education and most of the 

highest paying jobs, many convincingly argue that mathematical literacy is a civil rights issue 

(Moses & Cobb, 2001; Schoenfeld, 2002). However, this is not reflected in most universities' 

course offerings. Particularly, options for non-STEM students to fulfill their mathematics 

requirements are very limited. Now, when they do have options, many non-STEM students do 

not have a clear path to follow and end up enrolling in a college algebra course whose main goal 

is to prepare them for calculus, a course that they will not take or need for their program (Lund et 

al., 2015). Moreover, its failure rate is approximately 40-60% (Herriott & Dunbar, 2009; Lund et 

al., 2015; Reyes, 2010). These kinds of courses are neither designed nor appropriate for non-

STEM undergraduate students, yet some students get trapped in that “dead-end.”  

Furthermore, some non-STEM students are enrolled unnecessarily in remedial 

mathematics courses, which is another problematic course. For example, in the Montana 

University System, composed of 16 public universities and colleges, only 9.7% of the non-

STEM students who enrolled in a remedial mathematics course completed their degrees (Lund et 

al., 2015). 
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 Currently, the most appropriate courses for non-STEM students are usually titled 

“Mathematical Reasoning,” “Quantitative Literacy,” “Contemporary Topics in Mathematics,” 

and the like. These courses are usually general education mathematics courses which may 

include a broad set of topics. While the titles may look attractive and more appropriate for non-

STEM students, it might not be the case that the content or the type of instruction is appropriate. 

However, some universities have prioritized the issue of accessible and appropriate pathways for 

non-STEM students and have created equitable pathways for students (Rutschow, Diamond, & 

Serna-Wallender, 2017). For example, rather than having students follow a traditional 

developmental math route (beginning algebra, intermediate algebra, college algebra), they 

suggest that non-STEM students take a course in Foundations of Mathematical Reasoning first 

followed by Statistics or Quantitative Reasoning. Even though they are focused on providing 

pathways for students to be successful, they mention that work is still needed to better advise 

students into these pathways and make sure that the credits will meet the requirements of other 

four-year college partners. Thus, issues about pathways have been (and still are) an obstacle for 

many non-STEM students.  

Although critical efforts are being carried out by researchers to develop mathematics 

curricula that provide undergraduate students who are non-Science, Technology, Engineering, 

and Mathematics (STEM) majors with a better and more useful experience, it is rare to find 

studies that document student’s voices before considering such a change (cf. Clinkenbeard, 

2015). Therefore, students’ voices and overall perspectives are usually overlooked when 

developing new curricula. Naturally, considering students’ perspectives and addressing students’ 

concerns in the process of creating a curriculum and its implementation can potentially increase 

students’ overall satisfaction and performance (National Research Council [NRC], 2004). 
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Fortunately, new curricula are being developed, yet Asera (2011) explains that those curricula 

lack a direct connection to students’ goals and future careers. Particularly, students have reported 

that, although the mathematical content might be enjoyable, it is mostly impractical and useless 

(López Torres, 2019).  

By omitting this crucial perspective, researchers usually conduct purely quantitative 

studies or fail to address some of the non-STEM students’ greatest issues with general education 

mathematics courses. For example, rigorous studies may consider how to change the curriculum 

of general education mathematics courses based on quantitative literacy, but seem to not include 

students’ dispositions to engage in quantitative activities as part of quantitative literacy (Sikorskii 

et al., 2011). Thus, limiting how researchers can optimize the experience students have by 

omitting important psychological factors. 

Non-STEM Students’ Affect in General Education Mathematics Courses 

On one hand, we have the issue of accessible pathways to success. On the other hand, 

once students select a path or course, there is the issue about students’ affective components. 

Many researchers consider affect to be a disposition, tendency, emotion, or feeling attached to an 

object or idea, and that it is composed of all the three concepts discussed above: emotions, 

attitudes, and beliefs (Groth & Meletiou-Mavrotheris, 2018; Philipp, 2007). This is something 

we must pay attention to in basically all aspects of education. After all, we want all students (and 

teachers) to have positive emotions, attitudes, and beliefs about education, in general, and 

mathematics, in particular.  

We would be naïve in denying that, although some less than others, humans are 

emotional beings. As such beings, we experience emotions as natural reactions to almost 

everything we do. Those emotions can be fleeting and vary in intensity. For example, it can be a 
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bad mood, which may be fleeting, or mathematics anxiety, which may be so intense that it can 

affect the cognition temporarily and produce psychosomatic symptoms (Hopko, Mahadevan, 

Bare, & Hunt, 2003). Additionally, we hold attitudes toward many objects. They could be 

towards a task, book, teacher, activity, school, or topic, which often influences our experiences, 

emotions, and cognition. Attitudes tend to be more stable than emotions but less stable than 

beliefs (McLeod, 1992). In turn, beliefs are more cognitive, more stable than attitudes, and are 

felt less intensely.  

Generally, undergraduate students in arts and humanities programs tend to have pervasive 

math anxiety, negative attitudes, and low mathematics self-efficacy beliefs (Klinger, 2008). In 

fact, this issue is not new, and this is exactly why we must constantly be vigilant about these 

issues. Many students have reported, even from the 1930s, that general education mathematics 

courses “taught them nothing about the real meaning or even the utility of mathematics” and 

described the course as “a waste of time…” (Newson, 1949, p. 20). Unfortunately, this 

perception of mathematics is neither an isolated one nor is it inconsequential. For example, we 

know that this course may be the last formal experience with a mathematics course that non-

STEM students may have, and it has been shown that parents’ ATM are positively correlated to 

their children’s ATM (Mohr‐Schroeder et at., 2017). That is, parents with negative affect toward 

mathematics are more likely to have children who will develop negative affect toward 

mathematics, and thus contribute to the STEM “pipeline” and its current narrow space for 

diversity (Li & Koedel, 2017). That is, not only their experiences will affect non-STEM students 

at the moment, but those experiences can also affect future generations.  

Some have tried to address this issue by developing a curriculum focused on essential 

skills and concepts, and interdisciplinary authentic contexts at appropriate levels for non-STEM 
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students, but conclude that “expectations of excellence gave way to experience of mediocrity” 

(Krishnannair, Maharaj, & Brijlall, 2017, p. 306). That is, they suggest that the actual 

implementation of an excellent curricular plan can be (and was) a major problem. Even when 

curricular design and implementation occurred as planned for liberal arts and humanities 

students, some researchers have found no change in non-STEM students’ ATM or perceived 

utility of mathematics (Clinkenbeard, 2015; Mayfield & Dunham, 2015). Other researchers who 

have designed general education mathematics courses have found positive changes in students’ 

perceptions of the utility of mathematics but only use a few verbatim quotations from students 

and descriptive statistics (e.g., Tunstall et al., 2016). That is, no statistical tests to show the 

significance of the results were reported.   

Factors Related to Students’ Affect in Mathematics  

Of course, students’ experiences differ both within institutions and between institutions. 

For example, it was found that gender, race-ethnicity, major, full-time status, first-generation 

status, age, institutional enrollment size, and institutional control are related to the frequency of 

quantitative reasoning activities, which could promote better attitudes and perceptions about the 

utility of mathematics (Rocconi, Lambert, McCormick, & Sarraf, 2013). Findings also suggest 

that there are institutions that emphasize quantitative reasoning more than others. That is, there 

are institutions in which students use numbers, graphs, or statistics to reach and explain 

conclusions, analyze issues, and analyze others’ conclusions significantly more often than in 

others. Moreover, it was found that institutional emphasis on quantitative reasoning was 

positively correlated to non-STEM students' use of quantitative reasoning skills. Thus, student-

related variables and institution-related variables may impact students’ experiences. Some of 

these variables will be discussed below in the following subsections.  
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Instructors. There are also important factors affecting non-STEM students’ affect at the 

classroom level. For example, Clinkenbeard (2015) reports that the single most important aspect 

at the classroom level identified by students as having a positive effect on their experience is the 

professor. This alone is a critical component that must be studied in such courses because many 

(or most) of the instructors teaching these types of courses are graduate teaching assistants. 

There is growing literature about graduate teaching assistants, but a few facts tend to prevail. 

Usually, graduate teaching assistants are minimally supported during their teaching experience, 

have close to no experience teaching, and have many additional commitments and priorities that 

include taking courses and conducting research (Speer, Gutmann, & Murphy, 2005). 

Difficulty. Clinkenbeard (2015) also reports that course difficulty and workload affect 

students’ experiences. That is not to say that students want the course to be easy. The idea is to 

create activities that are challenging, but also interesting and personally meaningful (Davidson et 

al., 2007). This is not an easy task, especially in such courses where there is a lot of diversity. 

Factors Related to ATM. Although most studies, literature reviews, and articles in 

general, end up relating ATM to achievement, most recent ones consider other factors affecting 

(or affected by) ATM, such as math anxiety, gender, cognition, self-belief about competence, 

other constructs related to affect, problem-solving, cooperative learning, absenteeism, class 

participation, homework completion, urban and rural differences, socioeconomic factors, 

materials in teaching, teachers’ content knowledge and personality, teaching topics with real-life 

enriched examples, believes about mathematics, etcetera (Green et al., 2012; Ho et al., 2000; 
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Hopko et al.,1998; Middleton, Jansen, & Golding, 2017; Saha, 2007; Schoenfeld, 1985). All 

these factors may either directly or indirectly affect how students perceive their experiences. 

Perceived Utility and Affect. Beliefs about mathematics utility are, of course, subjective 

and can be expressed in terms of utility in students’ daily life, major, future career, and other 

interests. It is important to emphasize that it is subjective because the mathematical concepts 

being learned may be useful for some students, but not for others. In fact, it might not be useful 

immediately, but perhaps it will be in five years.  

Students’ beliefs about the utility of mathematics, like ATM, are also correlated to 

students’ achievement in mathematics. For example, Cole, Bergin, and Whittaker (2008) found 

that students’ perceptions of the utility and importance of tasks were positively correlated to 

math scores on a low-stakes standardized test. More importantly, they concluded that students’ 

perceptions of utility and importance significantly predicted students’ test-taking effort, which 

fully mediated the effect of students’ perceptions of utility and importance on student’s test 

scores. That is, students who feel that the task is not useful or important will very likely put less 

effort into the task and, therefore, obtain a lower score. This is a clear example of how students’ 

beliefs of the utility of mathematics affect their performance.   

Having mostly an indirect but positive effect on performance means that utility value is 

related to other factors that may themselves affect performance directly or indirectly. For 

instance, it has been found that utility value is positively correlated to competence beliefs, effort, 

and achievement goals (Chouinard, Karsenti, & Roy, 2007). That is, the indirect effect could be 

seen as students ascribing greater utility and mastery goals to tasks in which they feel competent 

and, consequently, make more effort to succeed in those activities. Although other recent studies 

have found an indirect but positive effect of utility on performance (e.g. Gilbert et al., 2014), 
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there are results in which utility does not affect performance. For example, Guy, Cornick, and 

Beckford (2015) found that students’ perceptions of the utility and relevance of mathematics did 

not factor into final exam performances. However, they acknowledged that students’ perceptions 

of the utility of mathematics may have more of a long-term significance, not a short-term one.  

Students’ perceived value and utility of what they are learning are also crucial in their 

overall beliefs about one subject or themselves. For example, students tend to attribute greater 

utility and mastery goals to activities in which they feel competent (Chouinard, Karsenti, & Roy, 

2007). They also will make more effort to succeed in such activities. In studies where positive 

effects were reported, interesting contexts were one focus. For example, some courses were 

focused on the following topics: (a) the world and its people, (b) media messages, (c) health and 

risk, (d) knowledge in natural science, (e) finance, (f) economics, (g) voting systems, and (h) 

justice (Tunstall et al., 2016). An active-learning approach was used to integrate mathematics 

into these topics or vice versa. Mathematics topics included in these topics are magnitude, 

logarithmic scales, relative and absolute variables, probability, logic, graphs, weighted voting 

systems, matrices, functions, etc. Topics from a-h could be interesting to most (or all) non-STEM 

students and are general enough to apply to many contexts yet relatable and meaningful to them.  

Additionally, students’ self‐perceptions have a direct positive effect on students’ interest 

in mathematics and their perceptions of its value (Greene, DeBacker, Ravindran, & Krows, 

1999; Singh, Granville, & Dika, 2002). Moreover, engagement is closely related to value 

(Greene et al., 1999; Shapiro, 1998). Unfortunately, it has been well documented that students’ 

perception of the utility value of mathematics decreases steadily through their formative years in 

high school (Chouinard & Roy, 2008). Nevertheless, although some are more stable than others, 

students’ ATM, beliefs, and motivation are malleable (Middleton, Jansen, & Goldin, 2017).  
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Motivation. Motivation has also been studied in mathematics education, but not as much 

as ATM. This construct has been studied more in psychology and it explains a big part of human 

behavior in almost every situated context; hence, it is relevant in education. In general, except for 

some Asian countries, the more autonomous the motivation is, the better students’ achievement 

is (Lee & Kim, 2014). As suggested by Middleton et al. (2017), ATM and motivation should be 

considered together along with other affect sub-constructs in mathematics and social interactions. 

Relationships found between ATM and motivation are that both are correlated to engagement 

and achievement (Ma, 1997), both are malleable (Middleton et al., 2017), and tend to change 

negatively across the school grades (Mata, Monteiro & Peixoto, 2012). Also, having a positive 

ATM does not guarantee autonomous motivation and vice versa (Mata et al., 2012). By being 

malleable, many factors can enhance or diminish positive ATM and autonomous motivation. 

In sum, there are many student-related and context-related factors that can affect how 

students perceive their lived experiences in a general education mathematics course. Many of 

these factors are tangible. However, there are also many important psychological factors to 

consider when analyzing students’ lived experiences, such as ATM, motivation, beliefs about 

mathematics and themselves, etc. The Self-Determination Theory (SDT) along with some of its 

sub-theories can help us analyze some of those psychological factors.   

Theoretical Lenses Explained: Self-Determination Theory (SDT) 

The psychologists Ryan and Deci developed the SDT, which is an empirically based 

theory concerned primarily with the social conditions that foster or hinder human flourishing 

(Ryan & Deci, 2017). As a theory, SDT is both practical and critical. Applications of this theory 

are usually in fields such as health care, sports, and education, but it can be applied in almost any 

social context. Additionally, it is critical because it assesses social contexts in terms of how it 
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supports or impairs human thriving. As it has been shown, there are mathematics courses at the 

undergraduate level that can and do, as social contexts, hinder and impair non-STEM student 

flourishing.   

The SDT can be considered as a whole, but it has become such a detailed and holistic 

theory that is now comprised of six mini-theories (Ryan & Deci, 2017). From these sub-theories, 

the Basic Psychological Needs Theory and the Organismic Integration Theory (OIT) are the two 

most related to this study. Although the Cognitive Evaluation Theory could explain why a 

student may be regulated in a certain way, the scope of this story is more of an exploratory one. 

Therefore, the first two theories mentioned are discussed more in detail below.  

Basic Psychological Needs Theory (BPNT) 

According to Ryan and Deci (2017), the BPNT has been controversial and complex since 

the beginning (Deci, 1975) when its main components were named basic psychological needs. 

Through the years and work from other researchers, the BPNT has been explored and refined. 

Currently, to be considered a basic psychological need, the need must satisfy the following 

criteria:  

1. That the deprivation of certain resources or nutrients result in degraded forms of 

growth and impaired integrity, that is, it leads to serious harms; and 

2. That providing certain resources or nutrients reliably facilitates thriving the fuller 

expression of the organism’s nature and potential. (Ryan & Deci, 2017, p. 81) 

Moreover, being basic psychological needs implies a temporal and cultural generalization. Thus, 

in addition to the previously mentioned criteria, it has been evidenced that basic psychological 

needs should be and, seem to be, essential across developmental periods and cultural contexts 

(e.g. Chirkov and Ryan, 2001). Therefore, the concept of basic psychological needs, just like 
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with physical needs, is objective rather than subjective because they have functional effects. That 

is, when the basic psychological needs are frustrated or neglected, ill-being and developmental 

and social dysfunction are expected. On the other hand, if conditions are created for those needs 

to be satisfied, we expect signs of wellness, such as non-defensiveness, empathy, and openness, 

which have all been empirically associated with the satisfaction of the needs (Ryan & Deci, 

2017).  

The three basic psychological needs are the needs for autonomy, competence, and 

relatedness. According to Ryan and Deci (2017): 

[Autonomy] refers to feeling willingness and volition with respect to one’s 

behaviors…The need for autonomy describes the needs for individuals to experience self-

endorsement and ownership of their actions – to be self-regulating in the technical sense 

of that term…Competence refers to feeling effective in one’s interactions with the social 

environment – that is, experiencing opportunities and supports for the exercise, 

expansion, and expression of one’s capacities and talents…Relatedness refers to both 

experiencing others as responsive and sensitive and being able to be responsive and 

sensitive to them – that is, feeling connected and involved with others and having a sense 

of belonging. (Ryan & Deci, 2017, p. 86). 

The satisfaction and frustration of each of these basic psychological needs look very 

different at the functional level. Therefore, they can be easily identified through self-reported 

data. For example, students who satisfied their need for autonomy in a course will very likely 

agree with the following statement “I feel that I have been doing what really interests me in this 

course”, whereas a student whose need for autonomy is frustrated will very likely disagree. 

Students who satisfied their need for competence in a course will very likely agree with the 
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following statement “I feel confident that I can do the mathematical tasks in the course”, whereas 

a student whose need for autonomy is frustrated will very likely disagree. Students who satisfied 

their need for relatedness in a course will very likely disagree with the following statement “I felt 

that I had very limited or no opportunities in the course to be responsive to fellow students”, 

whereas a student whose need for relatedness is frustrated will very likely agree. 

In education, the satisfaction of these needs for autonomy, competence, and relatedness 

will facilitate the internalization of motivation and, consequently, students’ engagement, 

achievement, and adjustment (Ryan & Deci, 2009). Conversely, it has been found that lack of 

support for these needs contributed to amotivation which, consequently, contributed to 

behavioral problems, low academic self-esteem, poor school performance, and intentions to drop 

out of school. Moreover, according to the SDT, the type of goals people hold is influenced by the 

satisfaction versus frustration of the basic psychological needs. It has been evidenced that strong 

extrinsic goals tend to be a result of the thwarting of basic needs for autonomy and relatedness. 

On the other hand, the development of strong intrinsic goals tends to result from the satisfaction 

of all three of these needs, autonomy, competence, and relatedness. For example, the main goal 

for a student may be to get a good GPA so that when he or she graduates may be able to find a 

job that allows for the payment of his or her dream car. On the other hand, a student may explain 

that his or her main goal is to study so that he or she can get the necessary tools to create new 

policies that could fight the social injustices that minorities experience daily.  

The Organismic Integration Theory (OIT) 

The second sub theory is the OIT. According to Ryan and Deci (2017), the OIT focuses 

on the concept of internalization. They define internalization as “the process of taking in values, 

beliefs, or behavioral regulations from external sources and transforming them into one’s own” 
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(Ryan & Deci, 2017, p. 180). Applying this definition to the context of this study, one would like 

non-STEM students in general education mathematics courses to value the content, develop 

positive beliefs and autonomous regulations, and transform the mathematical content from 

something that is first perceived as external into something that is their own. However, this is not 

necessarily the case. That is part of the reason why the concept of internalization can result in 

four major types of motivational regulation. These types of extrinsic motivators are categorized 

as external, introjected, identified, and integrated regulation. These four types of extrinsic 

motivation vary in terms of how internalized and autonomous they are. Along with amotivation 

and intrinsic motivation, these types of regulators can be placed in a continuum according to the 

degree of internalization and autonomy (See Figure 2).  

At the far right is amotivation, which according to Ryan and Deci (2000, 2007, 2017) is 

the state of unwillingness, where individuals do not feel moved or motivated to engage in a 

behavior. Amotivation is said to be impersonal as it is not internalized to any degree. However, 

to the left of Figure 2, there are other types of motivators that are internalized at different 

degrees. The first type of extrinsic motivation is external regulation. This is the least autonomous 

and internalized type of extrinsic motivation. Behaviors in this category are controlled by 

external rewards or punishment. For example, an externally regulated behavior would be to learn 

because the student wants a good grade. The second type of extrinsic motivation is introjected 

regulation. Introjection is related to the ego, where individuals often project their self-approval or 

disapproval onto others. This is a type of regulation that is contingent on self-esteem. Such 

behaviors are conducted to avoid guilt or anxiety or to attain pride. For example, students may 

study for a class just because they do not want others to think badly of them. Third, there is 

identified regulation, a more autonomous and internalized type of extrinsic motivation.  
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Figure 2 

Representation of SDT Illustrating the Features of three Sub-Theories: Basic Psychological 

Needs Theory, Cognitive Evaluation Theory, and Organismic Integration Theory (Ryan & Deci, 

2007) 

 

Identification occurs when an individual has identified with the value and importance of a 

particular behavior, making the behavior a somewhat internalized one. For example, a student 

may study for a mathematics course because they think mathematics is important for the world. 

Fourth, the fullest type of internalization and the most autonomous form of extrinsic motivation 

is the integrated regulation. The integration of an identification is a transformational process that 

requires bringing a value or regulation into congruence with other values and needs of the self. 

When a value or regulation is integrated with oneself, it becomes fully authentic through 

assimilation and accommodation and it will be holistically embraced. For example, a student 
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may learn because they think the content is useful for their future goals, major, and/or life. Being 

both autonomous and unconflicted, integrated regulations share many characteristics with 

intrinsic motivation. However, it is still considered a type of extrinsic motivation because the 

behavior is regulated by the instrumental value separate from the behavior. Finally, to the far left, 

we have intrinsic motivation. An individual is intrinsically motivated when the behavior is done 

for its inherent satisfactions rather than for other separable outcomes or consequences. For 

example, a student may learn math because they truly enjoy learning it. This type of motivation 

is fully autonomous and integrated.  

Throughout the definitions and characteristics of each type of motivation, important 

aspects related to the perception of lived experiences can be identified. Ego-centered 

characteristics, values, beliefs, goals, utility, anxiety, and the like are related to human behavior. 

Indeed, one’s behavior greatly influences how one engages with activity and, therefore, how one 

perceives an experience. However, it is not always the case where all these types of regulations 

are easily identifiable and distinguishable in a survey. Depending on the power obtained and on 

students’ answers, one may consider, rather than the five (not considering amotivation) types of 

motivation, the two “super” categories of regulation: controlled regulation and autonomous 

regulation. The controlling regulators include external and introjected regulation. On the other 

hand, autonomous regulation would be composed of identified, integrated, and/or intrinsic 

motivation.  

According to Ryan and Deci (2009), behaviors in any social context can promote an 

autonomous or a controlling environment. For example, autonomy-supportive behaviors include 

actively listening, allocating time for students’ independent work, providing students 

opportunities to talk with each other and with the instructor, acknowledging signs of 
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improvement and mastery, encouraging students’ effort, offering progress-enabling hints when 

students needed, creating an environment where people are responsive to students’ comments 

and questions, and acknowledging students’ experiences and perspectives. These and other 

autonomy-supportive behaviors were correlated with students’ autonomous motivation. In 

contrast, behaviors like monopolizing the learning materials, providing solutions to problems 

before the students had time to work independently, using controlling phrases such as “have to,” 

and using directed questions as a way of controlling the flow of conversations are considered as 

controlling. These controlling behaviors were negatively correlated with students’ autonomy. 

Therefore, in addition to having flexibility in its use and analysis, this OIT is both general and 

specific enough to be used when trying to understand students’ lived experiences in a general 

education mathematics course.  

Although this theory has many uses, in this context, it is used to identify what moves 

students to learn. In doing so, one also learns about the social context they are in and about the 

curriculum and its delivery. That is, it is not simply used to identify whether they are being 

extrinsically or intrinsically motivated, but it will identify whether they are mostly moved 

because of the possible rewards, or ego-centered characteristics, or because they see the 

contents’ value, or because they have internalized and integrated those values with the self, or 

finally because they enjoy learning mathematics. Moreover, it can be a combination of more than 

two of these types of regulators. In addition to what motivates students to learn, I should consider 

if some needs are satisfied as they may foster or obstruct internalization.  

In sum, according to Ryan and Deci (2009), their SDT and OIT emphasize the inherent 

resources embedded in human nature that can be facilitated by educational environments to 

support the learner’s experiences of the needs for autonomy, competence, and relatedness. Social 
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contexts can either support or thwart these needs. In particular, need-supportive contexts enhance 

intrinsic motivation, internalization, and engagement, resulting in enhanced emotional well-being 

and cognitive growth, whereas controlling contexts rarely do. Therefore, it is important to 

identify social contexts, like mathematical courses, that are either facilitating or impeding this 

type of growth by analyzing student-student, teacher-student, and student-environment 

interactions, including the nature of the communications, feedback, and rewards. Finally, these 

theories have application across life-span development and diverse cultures. According to Ryan 

and Deci (2009), the empirical evidence of such a claim is ever-growing, which suggests the 

importance of aligning the instruction to work with rather than fight against our active human 

natures.  

Although all these studied concepts and theories are important to mathematics education, 

there is a population that seems to be left out in most of the studies. This population is composed 

of non-STEM students, particularly students from the College of Humanities and Social 

Sciences. In spite of the fact that there is not much literature about these students in mathematics, 

it is evident that they need special attention as they are at a higher risk to develop anxiety or 

affirm negative ATM and negative beliefs about mathematics and themselves.   

Chapter Summary 

Generally, there is a critical need for mathematically literate civilians in the United 

States. Dispositions and affective components are (or should be) considered as part of a 

mathematically literate civilian. However, it has been documented on a few occasions for the last 

century that non-STEM undergraduate students have pervasive math anxiety, negative attitudes, 

and low mathematics self-efficacy beliefs. Additionally, these students often do not have a clear 

path to follow to satisfy the requirements of one or two general education mathematics courses, 
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commonly resulting in a path for failure. Nevertheless, curricula have been developed to help 

guarantee better paths for success. Yet, the norm is that students continue to report dissatisfaction 

in those courses usually due to a combination of factors related to the instructors, difficulty of the 

course, mathematics anxiety, the impracticability of the course, the overuse of controlling 

motivators, and the frustration of basic psychological needs. 

 Therefore, questions remain unanswered. Are the changes that have been made in 

curricula significant? Are students satisfied with the changes that have been made so far? How 

do students truly feel in general education mathematics courses? We will focus on how to 

address that last question in the next section of the dissertation. 
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CHAPTER 3: METHODS 

In this section, I state and explain the research questions, describe the research design and 

participants, and explain the processes for data collection, data analysis, data integration. 

Additionally, reliability/credibility and validity/trustworthiness are addressed. 

Research Questions 

As stated before, the research questions guiding our research process are the following: 

1. How do non-STEM undergraduate students from a southeast university perceive the lived 

experience of taking an undergraduate general education course in mathematics primarily 

designed for them?  

2. Are there significant differences in math anxiety, the satisfaction of non-STEM 

undergraduate students’ basic psychological needs, motivation, and perceived utility of 

an undergraduate general education course in mathematics based on student-related 

variables such as sex, academic major, race/ethnicity, socioeconomic indicators, or the 

last mathematics course that students took in high school?  

3. What reasons do non-STEM undergraduate students provide for the significant 

differences found on math anxiety, satisfaction/frustration of the basic psychological 

needs, motivation, and perceived utility? 

4. What influences an autonomous motivation in non-STEM undergraduate students in a 

general education mathematics course at a southeast university?  

While answering the first research question will describe the essence of being non-STEM 

students in a general education mathematics course designed for them, research questions two 

and three acknowledge the possibility of diverse experiences, opinions, and perspectives based 

on individual characteristics. On the other hand, research question four is intended to identify 
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what makes students be more autonomously motivated. Together, the research questions allow 

me to describe how groups of students perceive the lived experience of being a non-STEM 

student in such a course, what can be improved in such courses, and how to optimally motivate 

these students. Guided by the content theory, these questions are answered in terms of the 

satisfaction/frustration of the basic psychological needs, type of motivation according to the 

SDT, mathematics anxiety, and perceived utility.  

Research Design 

A multi-phased sequential design (Qual → QUAN → Qual) was used for this study 

(DeCuir-Gunby & Schutz, 2017). First, a phenomenological study was conducted to better 

understand the essence of undergraduate non-STEM students’ experiences in general education 

mathematics courses. Second, a survey was developed based on the major findings from the first 

phase. The major findings, which will be discussed in the results, generated four latent variables 

of interest.  These latent variables are mathematics anxiety, basic psychological needs 

(autonomy, relatedness, and competence), types of motivation according to the SDT, and 

perceived utility. Correlation analyses, t-tests, analysis of variance (ANOVA), multivariate 

analysis of variance (MANOVA), linear regression, multiple linear regression, hierarchical linear 

regression and mediation analysis are conducted. Finally, focus group interviews were conducted 

with groups of students whose experiences, opinions, and/or feelings significantly differ from 

other groups of students. This multi-phased sequential design is deemed to be the best approach 

to answer the research questions because it covers both breath and depth of the phenomenon 

under study where the qualitative exploration was conducted first, followed by a quantitative 

extension of the exploration, followed by another qualitative inquiry. Figure 3 summarizes the 

proposed methods in a diagram.
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Figure 3 

Mixed Methods Research Design Diagram 
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First Phase of the Study (Qual) 

The first phase is a hermeneutical phenomenology study oriented toward the lived 

experiences of non-STEM undergraduate students in a general education mathematics course. 

Two main reasons explain why using hermeneutical phenomenology as the design of this study 

was considered the best approach to investigate this topic. These reasons are that (a) the 

researcher is seeking to describe the essence of their experience as non-STEM undergraduate 

students in undergraduate mathematics courses; and (b) given that the experience may change 

from one context to another, the essence of this experience is not transcendental, and the 

interpretation of the researcher is crucial in these cases. For the first phase of the study, only the 

first research question will be addressed. Particularly, the sample, participants, data collection, 

and the data analysis plan are discussed in the following subsections. 

Sample/Participants  

Three levels of samples were originally considered: university, course, and students. 

Given the actual context of a pandemic, COVID-19, in which we live, it was decided not to 

pursue data collection at different universities. The following reasons may explain this decision: 

(a) Universities were moving to remote delivery of general education mathematics courses at 

different times of the semester, greatly affecting students' experiences; and (b) IRB protocols 

changed, requiring amendments to comply with the new guidelines. Thus, the selection of the 

university for this study ended up being a decision of convenience within the options that 

satisfied the following criteria. First, the criteria established for the selection of the university 

was to (a) be public, (b) be large, (c) offer at least one general education mathematics course 

primarily designed for non-STEM undergraduate students every semester, and (d) start the 

semester with a remote delivery of the course. In addition to assure quality, these criteria could 
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potentially reduce biases that are often more present in small, private or not diverse universities. 

The university selected for this study is a large public university in the southeast region of the 

United States whose student population statistics in terms of race resemble that of the entire 

United States (U.S. Census Bureau, 2018). See Figure 4 for a summary of the University 

undergraduate demographics. 

Figure 4 

University Demographics 

 

Second, a course or courses offered by that university was selected using a criterion 

sample (Creswell & Poth, 2017). To satisfy the criteria, the course must (a) be a general 

education mathematics course, (b) be offered every semester, (c) be primarily offered for non-

STEM undergraduate students, and (d) enroll at least 30 students each semester. A course 

satisfying these criteria was identified in the selected university. The curriculum used for that 

course was developed by a collective effort from professors and teaching assistants. Its 

description, as stated in the syllabus and course offering, is:  
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Primarily for students in Humanities and Social Sciences. Illustrations of contemporary 

uses of mathematics, varying from semester to semester, frequently including sets and 

logic, counting procedures, probability, modular arithmetic, and game theory.  

Although the goal is not established anywhere, it can be inferred by its description that the 

targeted population is non-STEM undergraduate students, and that its goal is to illustrate 

contemporary uses of mathematics. The current syllabus includes the following chapters: (1) 

voting systems, (2) weighted voting systems, (3) fair division, (4) apportionment, (5) graph 

theory (“eulerization”), (6) Hamilton circuits, (7) spanning trees, (8) minimum networks and 

scheduling problems, and (9) sequences. Both sections of the course were offered online due to 

the COVID-19 outbreak. At least one of the sections for the mentioned course has been offered 

online for multiple years before 2020. Therefore, the transition from in-person to online of the 

remaining sections did not require significant changes in the content as the content and structures 

were already designed for an online course.    

Lastly, a sample of students enrolled in that course was selected. This sample was 

selected based on the following criteria: (a) students must be enrolled by the time of the 

interview is conducted in such general education mathematics course, (b) students must have 

experienced most of the course but should not have taken the final examination yet, and (c) 

students must have been completing their weekly work consistently as shown in their online 

platform. Students who met the criteria had the opportunity to be selected for an interview. The 

first three students who volunteered were interviewed, which is an acceptable number of 

participants for a phenomenological study (Creswell & Poth, 2017). Monetary compensation of 

$10 was given to participants for their time and cooperation.  
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In general, a parallel sampling was used for this mixed-method study (DeCuir-Gunby & 

Schutz, 2017). That is, participants from this first phase were not the same as those participants 

from the second phase.  

Data Collection  

The data for this study was collected during Spring 2018 as part of the first phase. It 

consisted of field observations and student semi-structured interviews. The observations allowed 

the researcher to get a gist of how the class was being taught in person and served as a form of 

triangulating what students shared during the interviews. On the other hand, the interviews 

provided the most information to answer the first research question. Procedures for recruitment 

included contacting the professor, explaining generally what this study needed from the students, 

making field observations, and then making an announcement in class along with a recruitment 

email.  

Field Observations. Before the interviews, two consecutive field observations were 

conducted, which is equivalent to a week worth of the three-credit course selected. The role of 

the researcher during the observations was “non-participant observer”, which is characterized by 

watching and taking field notes from a distance without direct involvement with the activity or 

the people. A natural description was used for both observations. During the first class, in 

addition to taking notes focused on the research purpose and questions, notes were taken as if the 

researcher was a student in the classroom. During the second observation, the focus was mostly 

on relevant student behavior to the research purpose and questions. Reflective notes and memos 

were written at the moment of the observations and immediately after it, giving a full description 

of the events that were observed (Emerson, Fretz, & Shaw, 2011).  
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Semi-Structured Interviews. Semi-structured in-depth phenomenological interviews 

oriented toward the lived experiences of students were conducted during the first phase of the 

study. All interviews were audiotaped and later transcribed for data analysis. The semi-structured 

interviews were conducted during the following two weeks after the field observations occurred. 

As described by Brinkmann and Kvale (2015), the purposes of these interviews were to 

understand the phenomenon under study from the participants’ point of view, to understand the 

meaning of their experiences, and to uncover their perspectives of the phenomenon. Therefore, 

open-ended questions, such as “How do you feel about mathematics being a requirement for 

your program?”, “How has been your experience so far in the course?”, and “What motivates 

you to learn and be successful in that class?”, were asked (See Appendix A).  

Data Analysis  

This hermeneutical phenomenology study includes six research activities (van Manen, 

1990). First, the lived experiences in mathematics of whom may be seen as the others in STEM, 

and the research community not paying attention to their voice is an abiding concern to the 

researcher. Second, this experience that is interesting to the researcher is investigated in terms of 

how the participants live it, and their reality is presented. Third, essential themes that 

characterize the phenomenon emerged. Fourth, the researcher described the phenomenon. Fifth, 

the researcher maintained a strong and oriented relation to the phenomenon, not settling for 

superficialities. Sixth, the parts and the whole are considered to balance the research context.  

As suggested by Creswell and Poth (2017), the researcher followed the procedures for data 

analysis: (a) the researcher bracketed himself out and described it in the introduction; (b) private 

online files were created for the transcripts and the observation notes; (c) each of the transcripts 

were read several times and memos were included as comments in those files; (d) codes were 
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created, described, and used for significant statements in the transcripts; (e) codes and significant 

statements were grouped as subsets of different themes that emerged from the analysis (see 

Figure 5 for an example); (f) a textural (“What happened?”) and a structural (“How was the 

phenomenon experienced?”) descriptions were developed to describe the essence of non-STEM 

undergraduate students’ experiences in a general education mathematics course and their 

perception of its utility. In addition to describing that essence as a narrative, the essence is 

represented using a visual where each of the themes and its sub-constructs are shown in a 

coherent whole. This is later refined with the quantitative results.  

Figure 5 

An Example of the Inductive Coding Procedure for the Theme “Viewing Mathematics as 

Useless” 
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Validity and Reliability. Memos of the participants’ reactions, their answers in the 

interviews, transcripts of the audio-recorded interviews, online class observations, and artifacts 

such as the course’s syllabus served as different data sources for triangulation. Verbatim 

quotations from the transcripts as well as other descriptions were used throughout the data 

analysis. In addition to these three most common and cost-efficient techniques, the researcher 

disclosed his biases and experiences with the phenomenon of study and bracketed himself out as 

suggested by many researchers (Colaizzi, 1978; Creswell & Poth, 2017). Moreover, a colleague 

reviewed the analysis and conclusions of the study. Finally, there was member-checking to 

evaluate how well the essence of their experience is described with the model, which is 

considered “the most critical technique for establishing credibility” (Lincoln & Guba, 1985, p. 

314). Both the narrative descriptions and the visual representation of the essence of their 

experience were shown to participants so that they could judge its accuracy in describing their 

experiences. All participants approved the main results shown in the phenomenological study 

after some minor corrections were made and some thanked me for doing this research.   

Regarding the evaluation criteria for this study and reliability, the researcher considered 

the standards for assessing the quality of a phenomenology study provided by Creswell and Poth 

(2017). The standards required to articulate the studied phenomenon clearly and concisely, to 

show a clear understanding of the phenomenon, use procedures of data analysis as recommended 

by other researchers, such as Moustakas (1994), to describe the essence of the participants’ 

experiences, and to embed reflexive thinking throughout the study. Also, to improve reliability in 

the process of coding, a colleague coded approximately 15% of the segmented data. The 

intercoder reliability was approximately 93%. The only disagreement was discussed, and the 

codebook was reviewed accordingly. 
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Second Phase of the Study (QUAN) 

The second phase of the dissertation is the quantitative phase in this multi-phased 

sequential design. Research questions two and four are addressed in this second phase. Research 

question three depends on the results from this phase. Particularly, the sample, participants, 

instruments, data collection, and the data analysis plan are discussed in the following 

subsections. 

Sample/Participants for the Second Phase 

The sample and participants for this phase is the same for research questions two and 

four. Because we are using parallel sampling, the participants in phase one are not considered in 

phase two. The most important reasons why the participants from phase one were not included in 

phase two are that a sequential design required an analysis of the phase one first to then plan the 

second phase. Also, by the time that phase two was conducted, students in phase one had already 

completed the course, and knowing the course’s grade would very likely change their overall 

perspectives of the course (Ma, 1997). Therefore, they would have biased responses. 

Nevertheless, both the institution and course selected are the same as for the first phase. 

However, the number of participants is different. 

 A priori power analysis was conducted using the G*Power tool to identify an estimate of 

the number of participants needed to detect a difference in the dependent variables between 

groups if, in fact, there exists one. I considered power analyses for the use of MANOVA, 

multiple linear regression, and hierarchical linear regression in this simulation. For a MANOVA, 

assuming four dependent variables, four different groups, and standard probabilities for type I 

and II errors (𝛼 = 0.05, 𝛽 = 0.20), the sample size needed to find at least a small effect size of 

𝑓2(𝑉) =  0.01 is shown in Figure 6. For example, a total of 148 participants would be needed to 
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find a small-medium effect size of 𝑓2(𝑉) = 0.04 (see Figure 7). Similarly, I would need a total 

number of 134 participants to find a small-medium effect size of 𝑓2 = 0.10 using simultaneous 

multiple linear regression, whereas I would only need 100 participants for hierarchical linear 

regression (see Figure 8). However, it has been evidenced that one might still find significance 

with much smaller sample sizes (Norman, 2010). Nevertheless, according to this power analysis, 

we would need anywhere from 100 to 150 participants to find a small-medium effect size if there 

is in fact one.  

The actual number of participants in the sample acquired is 79. These participants are 

described further in the results. Having only 79 participants means that statistical tests used for 

inference are very likely going to show only statistically significant results if they have a 

medium to large effect sizes. For significant results with smaller effect sizes, a larger sample size 

would be needed.   

Figure 6 

Total Sample Needed for MANOVA as a Function of Effect Size 
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Figure 7 

Total Sample Needed for Simultaneous Multiple Linear Regression as a Function of Effect Size 

 

Figure 8 

Total Sample Needed for Hierarchical Linear Regression as a Function of Effect Size 

 



44 

 

Instruments. Four major constructs were considered based on the results from phase 

one. The constructs are mathematics anxiety, the basic psychological needs, different types of 

motivation, and perceived utility of the content of the course. Validated scales were adapted for 

each of these constructs, which are discussed in the following subsections. Each one of the scales 

are described in the following sections. See Appendix B for the full instrument. In addition to the 

closed-ended items from the scales, students had a narrative-type item where they could explain 

their responses to the items or express any other thoughts, feelings, or experiences in general. 

That way, the scope of the items is not only limited to the results from phase 1. Furthermore, the 

issue of heavy reliance on the use of survey-type measures where no open-ended questions are 

included is addressed (Gal, Ginsburg, & Schau, 1997). Moreover, acknowledging that the current 

contexts may significantly influence their perspectives and experiences, the scales were also 

followed by a question about how the context of COVID-19 has affected their experiences in the 

course.  

Mathematics Anxiety. Most of the assessment measures for mathematics anxiety are too 

long for this study, consisting of at least 24 items or as much as 98 items. However, Hopko et al. 

(2003) developed the Abbreviated Math Anxiety Scale (AMAS) consisting of only 9 items 

divided into two subscales: Learning math anxiety (5 items) and Math evaluation anxiety (4 

items). In fact, he claims that AMAS is a superior measure to the original 98-item instrument 

(MARS-R) because of its excellent goodness-of-fit and validation. Although the AMAS was 

specifically designed for undergraduate students, some of the items needed to be adapted to the 

context of this study (See table 1). For example, given that the book for the course does not have 

tables in the back, the item “Having to use the tables in the back of a math book” was changed to 

“Having to find formulas in the book”. Additionally, the scale did not account for the case in 
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which students experience no anxiety or where the item does not apply to them. Therefore, I 

changed the scale, which originally was a 5-point Likert scale ranging from low anxiety to high 

anxiety, to not anxious at all (0) to extremely anxious (6) plus this situation is not applicable(.). 

A mean score was calculated for each student under each subscale. Both subscales, learning math 

anxiety (𝛼 = .93) and math evaluation anxiety (𝛼 = .88),  achieved internal consistency.  

Table 1 

Adaptation of the Abbreviated Math Anxiety Scale, Its Items, and Cronbach’s Alpha (α) 

Subscales Items Cronbach’s 

alpha 

Learning Math 

Anxiety 

Listening to a lecture. 

Having to use the book to find formulas. 

Watching the instructor work on an algebraic 

expression. 

Listening to another student explain a math formula. 

Starting a new chapter in the book. 

 

𝛼 = .93 

Evaluation Anxiety Thinking about an upcoming test. 

Taking an examination. 

Being given a homework assignment with many 

difficult problems. 

Being given a question in front of class. 

 

𝛼 = .88 

 

Basic Psychological Need Satisfaction and Need Frustration. There are at least 30 

versions of the Basic Psychological Need Satisfaction and Need Frustration Scale (BPNSFS).  

However, the English versions of the BPNSFS for adults and school students were considered 

for this study. The adult version (Chen et al., 2015) was shortened and adapted by 

Vandenkerchkhove et al. (2019) to measure the basic psychological needs of autonomy, 

relatedness, and competence. The original version was designed for adults whereas the shortened 

version was adapted for adolescents in school. Both the original 24-item version and the 

shortened 12-item version have six subscales, namely autonomy satisfaction, relatedness 
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satisfaction, competence satisfaction, autonomy frustration, relatedness frustration, and 

competence frustration. The 12-item version, which has 2 items per subscale, was slightly 

adapted to the academic context of this study. Therefore, the items are focused on undergraduate 

students’ need-based experiences in the general education mathematics course rather than on 

early adolescents’ need-based experiences in school. The biggest modifications were done to the 

relatedness subscales. For example, the item “I felt connected with my friends at school” was 

modified to “I felt connected with my classmates from the course”. Additionally, the stem “Last 

week at school…”, which was added to the original 24-item version for the 12-item version was 

again deleted. Items were rated on a 7-point Likert scale, ranging from “totally agree” (3) to 

“totally disagree” (-3).  

There are at least three ways in which different subscales of the BPNSFS can be used. 

First, some researchers have used a composite score contrasting need satisfaction and need 

frustration in a single index (e.g., Brenning et al., 2015; Campbell et al., 2015; van der Kaap-

Deeder et al., 2015). Second, composite scores of need satisfaction and need frustration have 

been created and have been inserted as unique predictors of dependent variables (e.g., Haerens et 

al., 2015; Kindt et al., 2016). Third, composite scores for autonomy, competence, and relatedness 

have been created by combining the need satisfaction and reversed need frustration items of each 

separate need (e.g., Chen, Van Assche, et al., 2015). Finally, some researchers have combined 

some of these approaches, proceeding in a stepwise fashion (Chen, Vansteenkiste, et al., 2015).  

Given that this study will use a shortened version of BPNSFS in which each subscale 

uses only two items, I used mean scores for autonomy, competence, and relatedness where the 

need frustration items are reverse coded. Therefore, each need is a subscale composed of 4 items. 

The resulting subscales are the autonomy subscale (𝛼 = .75), the competence subscale 
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(𝛼 = .89), and the relatedness subscale (𝛼 = .77), all of which achieved internal consistency as 

shown by the alphas within the parentheses. We can easily identify whether a need is satisfied or 

frustrated based on the sign (+/-) of the mean score for each subscale. Table 2 presents the items 

used in each scale and Cronbach’s alpha. 

Table 2 

Subscales of the BPNs Scale, its Items, and the Cronbach’s alpha (α) 

Scales Items Cronbach’s 

alpha 

Need for 

Autonomy 

I felt a sense of choice and freedom in the things I did. 

I felt that I have been doing what really interests me. 

I felt forced to do assignments I didn't care for. (R) 

Most of the things that I did felt like “I had to”. (R) 

𝛼 = .75 

Need for 

Competence 

I felt confident that I could do the mathematical tasks. 

I felt competent in what I did. 

I felt disappointed with many of my performances. (R) 

I do not feel that I mastered the topics discussed. (R) 

 

𝛼 = .89 

Need for 

Relatedness 

I felt connected with my classmates.  

I felt that the instructor cared about me as one of the students. 

I felt that the relationships I had with others were just 

superficial. (R) 

I felt that I had very limited or no opportunities to be 

responsive to fellow students. (R) 

 

𝛼 = .77 

Note. (R) is used to identify the items that were reverse coded for the analyses. 

Learning Self-Regulation Questionnaire (SRQ-L). The Self-Regulation Questionnaires 

assess individual differences in the types of motivation or regulation. There are at least seven 

validated questionnaires. However, the one with an appropriate context for this study is the SRQ-

L, which considers the reasons why older students or adults learn in particular settings such as 

colleges (Black & Deci, 2000). The SRQ-L was modified and adapted for this study. First, rather 

than asking students why they engage in three types of behavior (i.e., why they participate in 

class, why they follow their instructors’ suggestions, and why they will work to expand their 



48 

 

knowledge), the adaptation just asks for the reasons why the student worked to expand his or her 

knowledge in the general education mathematics course. Since one of the goals of this study is to 

understand what motivates students to learn in such a course, the instrument focused on 

measuring that specifically. Therefore, I expanded the number of items under that question from 

four to 15. Particularly, the definitions and main characteristics of each type of motivation or 

regulation (external, introjected, identified, integrated, and intrinsic) were considered to develop 

the 11 additional items so that each type of motivation had three related items. Now, amotivation 

was not considered as a type of motivation given that it is assumed that students do at least a 

minimum effort to learn. An example of an item for the integrated regulation subscale is “The 

reason that I will work to expand my knowledge of the content in [the course] is because the 

content is related to my major.” Items were rated on a 7-point Likert scale, ranging from “totally 

agree” (3) to “totally disagree” (-3).  

Two subscales resulted from this questionnaire. One of them is the controlled regulation 

subscale (𝛼 = .73) which is composed of the introjected and external items. The second 

subscale is the autonomous regulation (𝛼 = .85) which is composed of the intrinsic, integrated, 

and identified items. Both subscales achieved internal consistency as shown by Cronbach’s 

alphas. Each participant has a mean score for each subscale. These were calculated from the 

respective items for each subscale. Table 3 presents the items used in each scale and subscale, 

and the Cronbach’s alpha. 

Perceived Utility of the Content.  The utility subscale from The Mathematics Value 

Inventory for General Education Students at the undergraduate level is used to measure the non-

STEM undergraduate students’ perceived utility of the targeted course’s content (Luttrell et al., 

2010). The target population for this study is exactly non-STEM students in a general education  
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Table 3 

Scales and Subscales Used for the Motivation Questionnaire, Their Items, and the Cronbach’s 

alpha (α) 

Scales Subscales Items Cronbach’s 

alpha 

Autonomous 

Regulation 

Intrinsic Because it is interesting to learn more about the 

nature of the content of this course. 

Because I enjoy learning the content. 

Because I feel satisfaction when I work on 

expanding my knowledge of the content. 

𝛼 = .85 

Integrated Because the content is useful for my future goals. 

Because the content is related to my major. 

Because I see how it can be useful in my life. 

 

Identified Because it is a challenge to really understand how 

to solve mathematics problems.  

Because I would say it is important to learn 

mathematics.  

Because I think mathematics is important for the 

current world. 

 

Controlling 

Regulation 

Introjected Because I want others to see that I am intelligent.  

Because I would feel proud of myself if I did well 

in the course.  

Because I would feel embarrassed if people notice 

that I don’t know what is being taught in the 

course. 

 

𝛼 = .73 

External Because I want a good grade.  

Because there will be negative consequences if I 

don’t (decrease GPA, loose membership in honor 

roll, lose economic assistance, expelled from a 

school team, or the like)  

Because I receive praise from others if I do.  

 

 

mathematics course. Therefore, individuals from the sample for this study are ideal subjects for 

this survey. Seven items are used in this scale, which was slightly adapted to the content of the 
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course rather than to mathematics as a field (See table 4). For example, the item “I do not need 

math in my everyday life” was changed to “I do not need the content of the course in my 

everyday life”. Additionally, some of the items were reversed to balance the number of 

negatively-positively stated items. For example, “After I graduate, an understanding of the 

content from this course will be very useless to me” was changed to “After I graduate, an 

understanding of the content from this course will be very useful to me”. A 7-point Likert scale 

was used, ranging from -3 (Strongly disagree) to 3 (Strongly agree). A mean score was 

computed, converting this scale into a continuous variable. The scale used for the perceived 

utility of the content (𝛼 = .94) achieved excellent internal consistency as shown by the alpha.  

Table 4 

The Perceived Utility Scale, its Items, and the Cronbach’s alpha (α) 

Scale Items Cronbach’s 

alpha 

Perceived 

Utility 

After I graduate, an understanding of the content from this 

course will be very useful to me. 

Understanding the content of this course has many benefits 

for me. 

I have a lot to gain by learning the content of this course.  

I see no point in being able to do what I had learned from 

this course. (R) 

Having a solid background in the content from [THE 

COURSE] is worthless. (R) 

I do not need the content of this course in my everyday life. 

(R) 

Knowing the content of this course provides few benefits for 

me. (R) 

 

𝛼 = .94 

Note. (R) is used to identify the items that were reverse coded for the analyses. 

 



51 

 

Data Collection  

The collected data consists of scores from the developed survey. The procedures used to 

collect the data as well as their analyses and validity and reliability are explained below. 

Procedures. After the development of the survey, the IRB’s approval, and the accepted 

proposal, the researcher contacted the professors and the students via email (See Appendix C and 

D). Then, the professors agreed to participate. Then, the link of the survey was shared digitally 

with the professors, who in turn shared it with their students. I used the NCSU Gmail account to 

communicate with the professors and Qualtrics for the development of the survey. Both are 

secure online platforms. Students had the last two weeks of classes to complete the survey. 

Students were not allowed to take the survey after their final examinations. The goal was to have 

students experience the course as fully as they can but not let their final examinations interfere 

with their experiences. As mentioned before, it is known that their performance in the final test 

will change their perspectives, causing biased responses to the questionnaire.  

Data Analysis  

Applied quantitative research methods were used to answer research questions 2 and 4 as 

well as to modify the answer for research question 1. Exploratory data analyses were conducted 

first to better understand the patterns to be observed, assess assumptions for the inferential tests 

conducted, and support the appropriate selection of statistical tools and techniques.   

Analysis of the Second Research Question. I am interested in evaluating mean 

differences on several dependent variables simultaneously while controlling for the 

intercorrelations among them. Therefore, the use of MANOVA is proposed to test whether there 

are group differences (i.e. academic major, SES indicators, sex, race/ethnicity, and last math 

course they took in high school) in several continuous dependent variables (i.e. means of math 
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anxiety, needs for autonomy, competence, and relatedness, types of motivation or regulation, and 

the perceived math utility). MANOVA is deemed more appropriate than ANOVA for this 

research question because, unlike ANOVA, MANOVA factors in the relationship between these 

outcome variables and has the power to detect whether there are group differences along with the 

combination of dimensions (Field, 2017). Moreover, conducting a series of ANOVAs inflates 

type I error rates, while MANOVA helps to control for it (Hair et al., 2009).  

Mathematically, 

𝑌𝑖𝑗 =

(

 

𝑌𝑖𝑗1
𝑌𝑖𝑗2
⋮
𝑌𝑖𝑗𝑝)

  ,   

which is a vector of variables for subject 𝑗 in group 𝑖, where 𝑝 is the total number of outcomes. 

Now, there will be group mean vectors, 𝜇𝑖, for each outcome, 1, 2,⋯ , 𝑝. That is, 

𝜇𝑖 = (

𝜇𝑖1
𝜇𝑖2
⋮
𝜇𝑖𝑝

), 

where 𝑖 = 1, 2,⋯ , 𝑔 (the total number of groups.  

 

Therefore, I will test the null hypothesis that the group means vectors are all equal. That 

is, 

𝐻𝑂: 𝜇1 = 𝜇2 = ⋯ = 𝜇𝑔.  

Thus, the alternative hypothesis is that at least one pair of groups has a different mean on at least 

one outcome. Symbolically, 

𝐻𝑎: 𝜇𝑖𝑘 ≠ 𝜇𝑗𝑘 

For at least one group 𝑖 ≠ 𝑗 and at least one outcome 𝑘. 
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If there is a significant difference between groups, thus rejecting the null hypothesis, then 

post hoc tests will be performed to determine where the significant differences lie. Depending on 

the results, simple ANOVAs are conducted with Tukey or Bonferroni post hoc tests to identify 

where the significant differences lie.  

However, since there were different numbers of participants per scale, ANOVA was 

often used because MANOVA would have limited the statistical power by further reducing the 

number of participants. In those cases, the null hypothesis indicates that there are no significant 

differences in the dependent variable based on a categorical variable. On the other hand, the 

alternative hypothesis indicates that there are at least two groups from the categorical variable 

that significantly differ on their means for the dependent variable.  

Mathematically,  

 𝐻0: 𝜇1 = 𝜇2 = ⋯ = 𝜇𝐼 

𝐻𝑎: 𝜇𝑖 ≠ 𝜇𝑗 for at least one i≠j∈{1,2,⋯,I}, 

Where each μ represents the mean for a particular population (i.e., group) and I represents the 

number of populations (i.e., groups) that are being compared. 

 Although MANOVA and ANOVA are the main tests that will be conducted to answer 

research question two, correlation analyses, and all the types of t-tests were also conducted when 

deemed appropriate.  

Analysis of the Fourth Research Question. For the fourth research question, I want to 

identify variables that are associated with autonomous regulation. Therefore, simple linear 

regression, multiple linear regression, and hierarchical linear regression are used to generate a 

model for each dependent variable in which we can quantify the effect of each significant 
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independent variable on each dependent variable. The models for the multiple linear regression 

will look like the following: 

�̂� = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑛𝑥𝑛 + 𝑢 

Notice that betas quantify the effect that a unit increase in an independent variable will have on 

average on the dependent variable (i.e., autonomous regulation) when holding the other variables 

constant. Alternatively, if the independent variables are dummy coded, the betas will quantify the 

effect that being in a group has on average on the dependent variable in relation to a reference 

group. Therefore, we can compare the significance and the effect of each independent variable 

on the dependent variable. Additionally, such models could be useful for their predicting power. 

Its use could be beneficial when explaining why some independent variables have a particular 

effect on the dependent variable. 

In general, the null hypothesis is that there are no associations between any of the 

independent variables and autonomous motivation. On the other hand, the alternative hypothesis 

is that there is at least one significant association between an independent variable and 

autonomous regulations. Symbolically, 

𝐻𝑂: 𝛽𝑖 = 0, for all 𝑖 = 1, 2, 3,⋯ , 𝑛 

𝐻𝑎: 𝛽𝑖 ≠ 0, for at least one 𝑖, where 𝑖 = 1, 2, 3,⋯ , 𝑛 

Validity and Reliability. According to Heale and Twycross (2015), there are three types 

of validity in quantitative research studies: content validity, construct validity, and criterion 

validity. Two of these were addressed for the survey.  

First, content validity was addressed by face validity. That is, professionals experienced 

in math anxiety, BPNs, motivation, and perceived utility were asked their opinion about whether 

the survey measures the intended concepts. Interreliability was used. Coders were given all the 
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items for a scale and they had to first identify whether the item was appropriate to measure the 

scale and then subcategorize the items by subscales. There was a 100% agreement on the items 

considered for math anxiety, BPNs, and perceived utility. However, the was a disagreement on 

two items for the autonomous motivation scale. Although both items were categorized correctly 

as autonomous, they were subcategorized differently by the two coders. Items were slightly 

changed so until both coders agreed on their meaning and categorization.   

Second, construct validity has been addressed by convergence. Specifically, all the 

instruments were modifications or abbreviations of previously validated surveys. As mentioned 

before, there were several instruments in the literature for each scale used. The scales included in 

the instrument were specifically selected or slightly modified to measure the targeted constructs 

in the context of undergraduate students in general education mathematics courses. Thus, the 

constructs measured in the scales converge with previously validated scales measuring such 

constructs.  

In addition to having a valid instrument, we need an instrument that is consistent (or 

reliable). Heale and Twycross (2015) explain three different attributes of reliability: homogeneity 

(or internal consistency), stability, and equivalence. As shown before, the internal consistency 

for each subscale was calculated using Cronbach’s alpha. The reliability needed was 0.7 or 

higher to achieve internal consistency. From the scales and subscales used, Cronbach’s alpha 

ranged from .73 to .94. Thus, internal consistency was also achieved.  

Third Phase of the Study (Qual) 

 The third phase of the study addresses the third research question as it considers students’ 

reasons for why there were significant differences found in the second phase of the study. The 
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following subsections describe the methods used to conduct and analyze the third phase of this 

dissertation study.  

Sample/Participants for the Third Phase  

The context of this third phase is the same as for the overall mixed-methods. Nested 

sampling was used for this third phase, where a subset of the participants from the second phase 

were interviewed (DeCuir-Gunby & Schutz, 2017). Seven students volunteered for this phase, 

who are further described in the data analysis. Particularly, two focus groups were created and 

interviewed. The purpose of this sampling strategy is to further explore the experiences of 

smaller groups of participants. Only students from groups who on average reported statistically 

significant differences on at least a dependent variable were considered.  

Data Collection  

The data collection consisted of focus group interviews. Participants shared some 

identified characteristics that were convenient for discussions. According to Creswell and Poth 

(2017), the interactions between participants in the focus group interviews will likely yield better 

information because one-on-one interviewees may be hesitant to provide information. However, 

since they were comfortable in the small groups, they fed off each other’s opinions and were 

very open about their feelings and experiences.  

Procedures. Interviews were held approximately three months after the last day of 

classes. Students were asked to select a time that will work for each participant of the focus 

group using Doodle Poll. Once the date and time were agreed upon, a Zoom invitation was sent. 

The interviews were no longer than 55 minutes. The meeting was recorded and transcribed. 
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Additionally, each participant was compensated for their time with a $10 Amazon Gift Card, 

which was sent via email.  

Data Analysis 

Two focus group interviews were conducted, independently, to understand why as a 

group they have a different perspective. This allowed the researcher to provide students’ reasons 

why significant differences were found based on student variables. That is, rather than 

understanding one point of view from the entire sample, this type of inquiry considered group 

differences when explaining the essence of the lived phenomenon. The interview protocol has 

What, How, and Why questions (See Appendix E for the interview protocol) to explain the 

significant differences found with the students’ voices. Discussions were generated and 

moderated mostly by the researcher, but the interviews were semi-structured. Hence, there was 

space and time to follow interesting discussions that were not originally planned. 

Validity and Reliability. Memos of the participants’ reactions, their answers in the 

interviews, transcripts of the audio-recorded interviews, and their responses to the survey served 

as different data sources for triangulation. Verbatim quotations from the transcripts as well as 

other descriptions were used throughout the data analysis. In addition to these three most 

common and cost-efficient techniques, the researcher disclosed his biases and experiences with 

the phenomenon of study and bracketed himself out as suggested by many researchers (Colaizzi, 

1978; Creswell & Poth, 2017). Finally, there was member-checking to evaluate how well the 

researcher interpreted their answers, which is considered “the most critical technique for 

establishing credibility” (Lincoln & Guba, 1985, p. 314). This was done in the interviews, where 
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the researcher provided them with a summary of the reasons why students differed based on 

student variables.  

Data Integration  

According to Bazeley (2012), data integration occurs when “different data elements and various 

strategies for analysis of those elements are combined throughout a study in such a way as to 

become interdependent in reaching a common theoretical or research goal, thereby producing 

findings that are greater than the sum of the parts” (p. 816). Inherently, sequential designs 

integrate the data when the results from the qualitative phase of the study are used to build a 

contextually appropriate quantitative instrument. This is considered the centerpiece of this type 

of mixed methods design (Creswell & Clark, 2018). Nevertheless, data integration can also occur 

in other parts of the study. Particularly, the third research question is a form of data integration 

because the quantitative data informs it. That is, the interview protocol could only be done 

considering the quantitative data analyses. Thus, integrating both types of data to answer one 

question.  

In addition to the mentioned data integration, data analyses are integrated. Particularly, 

the inferences made from the qualitative and quantitative phases are compared. Also, it is 

explained how the implications from the quantitative analyses may differ or further support the 

qualitative results. Furthermore, a visual model was created from the qualitative analysis to 

represent the essence of experiencing the identified phenomenon. This is further refined with the 

quantitative results to include group differences. Therefore, the visual will not only represent 

non-STEM undergraduate students' essence of their experience, but it will also show how their 

perspectives may be influenced or related by specific factors. 
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CHAPTER 4: FINDINGS 

This chapter is divided into three major subsections. These subsections are the findings 

for each phase. It is important to note that each of these finding subsections may contain much 

more information than what was required to answer the research questions. The research 

questions are answered more directly and concisely in the next chapter.  

Findings of Phase One (Qual-Phenomenology) 

I interviewed three students in the first phase, the phenomenological study. The 

pseudonyms for these students are Jake, Sarah, and Tom. The participants were all freshmen at 

the time of the interview. Jake is currently a History major but is switching to Political Sciences, 

Sarah is a History major, and Tom is a Political Sciences major. They identified as male, female, 

and male, respectively. They also identified as White, like the absolute majority of the students 

in the course. After the interview, 63 significant statements were extracted from the verbatim 

transcripts. These statements were coded using emergent open coding. Axial coding was used to 

relate the codes and generate themes.  

Six themes emerged and are discussed in this section. The first theme is “Calculus as a 

Turning Point.” In this theme, students explain their experience prior to the general education 

mathematics course. Important concepts, like attitudes, anxiety, perceived competence, and 

difficulty were used by the students to describe their experiences. The second theme is 

“Overcoming Math Anxiety.” In this theme, students explain how their math anxiety changed 

from high school to the general education mathematics course, and the change in anxiety is 

partially explained by the perceived difficulty of the course. The third theme is “Defining a 

Mindset.” In this theme, students evidenced that some of them were redefining their mindset. 

The fourth theme is “Increasing Enjoyment through Controlling Motives.” In this theme, 
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students evidenced that their enjoyment from the course is mostly produced by external rewards. 

The fifth theme is “Viewing Mathematics as Useless.” In this theme, students suggested that the 

course is not useful for them because either they have not transferred their knowledge to new 

contexts, or what they have learned is impractical in real life. The last theme is “Reflecting on 

the Course’s Appropriateness.” In this theme, suggestions and students’ perceptions of the 

appropriateness of the course are shared. At the end of this section, the essence of these students’ 

experiences is described based on these themes.  

However, before the themes are described, a quote involving some of the themes is stated 

so that readers get a general idea of how some of these students talk about the course. For 

example, Sarah, a female freshman majoring in History, responded the following when asked 

how she felt when she found out that she had to take two math courses as a part of her program: 

Um, before I actually enrolled in college and was a senior in high school, looking at my 

degree, I realized I had to take math. I thought it was kind of unnecessary and dumb. I 

thought about taking two math classes because I was like “What does this have to do with 

my major? Why do I have to waste my time taking these classes?” But, um, I still kind of 

think that.  

Based on her response during an interview conducted by the author of this dissertation, the 

student seemed to have negative attitudes towards mathematics (ATM), and strong beliefs about 

the utility and value of mathematics before (and even after) experiencing a general education 

mathematics course. It is acknowledged, however, that her experience may not be a 

representation of all other students’ experiences. Therefore, one should consider the results from 

all three phases of this dissertation before making more general conclusions.  
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Theme 1: Calculus as a Turning Point 

 To understand the essence of students’ experiences in the general education mathematics 

course, it is important to understand their perceptions of mathematics in general. During the 

interview, all three participants brought to the conversation their experiences with the last 

mathematics course taken in high school. They all described the experience as somewhat 

negative. They described their perceptions of mathematics as “hard” and “confusing.” As they 

mentioned: “Confusing. I think math is pretty confusing” and “I just find it harder than anything 

else.” When asked if they were anxious about mathematics in high school, they all replied “Yes.”  

 Although Sarah did not have the option to take calculus in high school, both Tom and 

Jake expressed that calculus was very difficult for them, that they struggled with it, and that they 

did not do good on it. In fact, Tom expressed: “I liked math before calculus.” This may be a 

common expression among high school students. One of the reasons for this turning point may 

be that, as Jake mentioned, mathematics gets “confusingly harder” for them in calculus. This 

suggests that their desire to comprehend calculus was challenged in a way that it has not before 

in any other mathematics course. In turn, they were not as successful as they wanted to be. 

Therefore, it seems that their need for competence was frustrated in calculus. Moreover, they 

may have created a negative ATM and even towards other STEM disciplines in general. Thus, 

non-STEM students’ previous experiences with mathematics tend to be somewhat negative, 

where they may feel incompetent and develop a negative ATM. It is with this perspective of 

mathematics that many students enroll in college. In particular, it seems that calculus may be a 

turning point for many non-STEM students.   
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Theme 2: Overcoming Math Anxiety 

It has been already discussed that these non-STEM students described their perceptions 

of mathematics as “hard” and “confusing.” As they mentioned: “Confusing. I think math is pretty 

confusing” and “I just find it harder than anything else.” When expressing how they felt when 

they noticed that their undergraduate program required two courses in mathematics, Tom 

expressed: “I get nervous when I have to take math classes. Um… probably just nervousness. 

Um, I try to study for math more than anything else.” Then, he expressed that he feels anxious 

when taking a mathematics course and that he “just wanted to get through it.” Additionally, Jake 

was worried that he was going to have to take “hard math.” However, once they were told a 

description of the course and once they experienced it, they seem to begin to overcome math 

anxiety. For example, Tom described: “I was nervous at first but then they told me like what it 

was, and I wasn’t so nervous.”     

The students’ perceived low difficulty level of the course seems to be key for them to 

overcome or significantly reduce math anxiety. Perhaps, knowing that they can be successful 

changes the way they feel about mathematics. Before, they felt worried, nervous, and anxious. 

Now, Sarah, Tom, and Jake, respectively, express: “I don’t really mind that class. It is going to 

be an easy A. I don’t have a problem with it anymore”, “It’s pretty simple and definitely way 

easier than calc in high school”, and “Is pretty simple that is honestly like easier than most of the 

math courses I took in high school.” An important difference is that their need for competence 

might be satisfied now in this general education mathematics course whereas it seemed to be 

frustrated in high school. Additionally, the difficulty levels seem to go from high in high school 

to low in the general education mathematics course. That is, as they go from high school math to 

this general education mathematics course, students’ perceptions of the difficulty of the course 
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they are taking go from high to low, whereas their need for competence seems to changes from 

frustrated to satisfied. Therefore, two aspects that may be affecting the levels of anxiety are how 

competent students feel and how difficult they perceive the course to be.  

Theme 3: Defining a Mindset 

The type of mindset the students had was still defining itself or getting more concrete 

before and during the experience of being a non-STEM student in such a general education 

mathematics course. It was evident that the students suggested having a fixed mindset. Sarah’s 

statements, such as “I’m not a math person”, “I am not good at math, like complex math”, “But 

when you are required to do that, and you don’t have a brain that is good at understanding math, 

I think that can really put people off school”, Jake’s commenting that “[math] wasn’t my thing”, 

and the like, illustrated that most of the interviewed students had the belief that they do not 

possess the “ability” to be good at math. Although all the statements related to their mindset 

suggested that they did not believe they could master higher-level mathematics, the following 

statement from Jake is particularly interesting: 

I’ve become a different person from high school in college. So, like the person that didn’t 

like math in high school is not around anymore. So, like I think, I think it’ll be interesting 

to go in a high-level class to see if I can perform. Like having like an increased in work 

ethic and like actually trying to have good grades and stuff like that, whereas I didn’t care 

like that in high school. 

Thus, this suggests that some students may change their mindset to one that is more about 

growth whereas other students continue to have a fixed mindset during the experience of being a 

non-STEM student in the general education mathematics course. Some students who seem to 
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continue to have a fixed mindset explain their success in the course with the perceived low 

difficulty level of the course (“easy”- as they mentioned) rather than with their own effort.   

Again, this theme is related to the need for competence. The level of perceived difficulty 

and competence may also be related, but some students realized that not because a course is easy 

it means that they are competent. However, they all felt competent within the context of the 

course. That may not be the case in the context of mathematics in general.  

Theme 4: Increasing Enjoyment Through Controlling Motives 

All three students commented about how “easy” the general education mathematics 

course is. Jake had the following epiphany: “And I honestly kind of miss it. I like math, and I 

think that I realize now that I do like it.” Also, Sarah expressed: “But I also enjoy learning for the 

sake of learning.” When asked if Jake’s negative ATM changed because he considers this course 

to be easy, he answered: “I think so.” As opposed to their experiences in high school, this course, 

by being “easy”, allows them to enjoy it more.  

When asked what motivates them to be successful in that course, all the students replied 

that grades are what motivates them. The grades (gaining a reward or avoiding punishment) are 

controlling motives and are considered the extrinsic motivation with the lowest autonomy in the 

Self-Determination Theory. None of them mentioned the content of the course or what they may 

gain in knowledge from that course.  

When analyzed superficially, one might think that students feel intrinsically motivated; 

that is, they may seem to be successful in that class because they enjoy it and have fun in the 

course. However, this might not be the case. In fact, every time that students mentioned the 

quotes used in the first paragraph under this theme, students followed up by mentioning in some 
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way the low difficulty of the course. This suggests that they enjoy the course because it is easy 

rather than finding the course easy because they enjoy it.  

In the end, it has been seen the turn that had the difficulty in calculus on them. If the 

difficulty of the course matched that of calculus, they may feel the same negative feelings that 

they expressed before. Thus, what they seem to enjoy is the “easy A” or, as one student 

mentioned: “I kind of like it because it is a break from the history.” Others enjoy the fact that, 

apparently, this course does not require as much analysis as other courses and that they can be 

successful. As one student mentioned: “But sometimes I just miss like “here is a problem and 

figure that out” and it’s kind of basic and you can do that.” Therefore, enjoyment seems to not be 

inherent in this case, the enjoyment seems to be caused by external factors. Hence, what 

motivates these students the most seems to be controlling motives. Furthermore, they seem to be 

regulated mostly by the extrinsic factor that is the grade. 

Theme 5: Viewing Mathematics as Useless 

The last conclusion is supported by this theme also. While investigating students’ 

perceptions of the usefulness of mathematics, all three students showed that their perspective is 

that most applications were impractical and that there has not been an evident transfer of 

knowledge, except for the topic of Voting Methods. Some topics, according to them, are useless 

because one could solve the problems that were given by “just flipping a coin” (e.g., deciding 

where to eat with friends) or simply “cutting the cake however you want to cut it.” Sarah 

described it as “unnecessary and dumb.” Jake expressed that although it is simple math, he 

would not know where to apply it. In particular, Sarah mentioned: “I don’t think I’ll use anything 

to be completely honest. Once I’m out of this class, I’ll keep the notebook and not think about it 

again.” All of them expressed an inability to apply what they have learned to real-life situations, 
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except for the topic of Voting Methods, whose relevance was clear to them and they seemed to 

enjoy it. For example, Tom mentioned that Voting Methods were the most useful topics from the 

course and Sarah mentioned “Um, next time we have an election and the electoral college 

decides who gets to be president, I’ll think about how I learned about it in this class.” Moreover, 

Jake mentioned the following: 

I could definitely go to someone in Washington for like an internship for a senator or a 

congressman you know. I could say I understand voting systems, I understand the way 

this works. So, I could definitely use that because like it would give you like a political in 

because like I know how this works and the mathematics behind it so I think that could 

help at some point. 

The transfer of knowledge to new contexts is one of the main goals of education. 

However, students find themselves unable to make this transfer of knowledge from the 

mathematics classroom to other contexts, except for a few topics. In fact, they do not see the 

relevance of most topics to them, their careers, or their majors. Thus, this experience does not 

seem to promote identified or integrated regulation. That is, the reason why they regulate their 

behavior is not because they understand that what they are learning is important or beneficial to 

them. Students would get more benefits from the course if what motivates them is to know how 

mathematics can help them as individuals, and as future professionals. These would be the most 

internal, although still extrinsic, motivators because one can see the external benefits that 

mathematics can provide to oneself. 

Theme 6: Reflecting on the Course’s Appropriateness 

On this theme, students focused on the characteristics that make or do not make this 

course appropriate. First, they all explained that the course is appropriate for non-STEM students 
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because it is a “simpler math” that is “digestible.” Additionally, they expressed that they have a 

good instructor and that a “good teacher is what probably makes the difference between really 

hard or getting through it better.” Then, there is the dilemma that emerges when they talk about 

the content of the course. As Sarah explained:  

Also, it has real-world applications which humanities majors usually like. Um, but also 

like I said with the apportionment with like the cake problem it doesn’t seem practical for 

use in like daily life. Some of the things we learn about, I feel are things I’m never gonna 

have to use again. 

That is, although it has concrete applications, they seem to be impractical, inappropriate, or 

useless for them. Although they enjoy the low difficulty that characterizes the course, they want 

more out of that experience. Tom, Sarah, and Jake all agreed that they wish the math course 

related to them more. Sarah also mentioned a similar concern and added, “So, like, um, not just 

here you would use it but also why we would need to use it.” Moreover, Jake added, “...so that 

course would be more difficult and challenging and also related to what I’m doing, and I would 

enjoy that”, expressing that more challenging and related topics would be more enjoyable.  

Having what they consider a good instructor may satisfy the need for relatedness, which 

makes them feel comfortable and part of the community. In addition, it was observed that the 

instructor dresses just like them, treat them as peers, and does not have problems in answering 

questions. Additionally, they are doing “good” in this course as they mentioned, but they feel 

like it is not complex. Therefore, they may feel competent in the course, but not in general. For 

example, one student said: “I also understand that this level of math is easier than the one I had 

in high school. So, it’s good but I also understand why I’m doing good.” However, what is clear 

is that this experience is not supportive of their need for autonomy. For instance, they do not feel 
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like they are in charge of making choices. For example, when asked about the assignments a 

student said: “There just um, basically he’ll tell us a formula in class and I will go over one or 

two examples and it’s just a copy of those questions pretty much. Yes, the test is the same as the 

web assigns.” Additionally, they have expressed that almost nothing in that course relates to their 

interests, major, or future careers. According to Ryan and Deci (2007), satisfying the need for 

autonomy, need for competence, and need for relatedness leads to optimal motivational function. 

By contrast, they explained that “whenever the social context thwarts or neglects one of these 

needs, intrinsic motivation and internalization, as well as a positive experience, wither” (p. 7). 

Unfortunately, the students seem to satisfy one or two of these three psychological needs.  

In summary, when reflecting on the course, students mentioned that the low difficulty is 

appropriate, the professor is good and relatable, the course has concrete applications, and they 

feel competent in the course. However, they mentioned that the applications were impractical, 

that they would enjoy mathematics that related to them more and was more bit more challenging, 

and that they would like to know why they would need to use mathematics.  

The Essence of Non-STEM Students’ Experiences Based on Phase One 

In general, at the beginning of the experience of being a non-STEM student taking a 

general education mathematics course, students felt anxious and had negative ATM. The 

perceived low difficulty of the course and the positive reinforcement of good grades made them 

overcome the anxiety, helped them enjoy the course, and satisfy their need for competence. The 

instructor also plays a role that, in this case, was positive in helping them enjoy the course and 

helped satisfy students’ need for relatedness. However, except for one topic, their perception is 

that there is no clear relationship between what they are learning in that course and their 

interests, major, or future careers. That seems to make the transfer of knowledge almost 
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impossible for them and frustrate the need for autonomy. Moreover, what motivates students to 

be successful is mostly (or only, in some cases) the grade, which is an external regulator that 

does not promote autonomy. Therefore, the phenomenon of being a non-STEM student in a 

general education mathematics course is perceived as enjoyable and easy, but impractical and 

mostly useless.  

Findings of Phase Two (Quan)  

The results shown in this section follow a similar pattern to those shown in the first phase 

because the quantitative phase is informed by the qualitative results. Therefore, the results from 

the first phase are tested with a larger sample of students in this quantitative phase to check 

whether the conclusions from the phenomenology study hold. In addition to analyzing the main 

themes of students’ background in high school, math anxiety, motivation, and perceived utility 

from phase one, the satisfaction/frustration of the BPNs are analyzed as they may explain 

students’ motivation and because they are extremely important now in the context of Covid-19. 

The structure of this section is as follows: 

1. The dataset, sample, and variables are described.  

2. Students' perceptions of their last mathematics course taken in high school are 

analyzed in terms of their previous perceptions of their ATM, anxiety, competence, 

and course difficulty. 

3. Their mathematical anxiety is analyzed in the context of the general education 

mathematics course as well as how it changed from high school to college.  

4. The frustration or satisfaction of their basic psychological needs is analyzed.  

5. Their motivation to learn in the general education course is analyzed.  

6. Their perceived utility of the general education mathematics course is analyzed.  
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7. Finally, the relationship that exists between autonomous motivation and other 

variables, especially utility and autonomy, is analyzed. 

Dataset 

A total of 79 students participated in the questionnaire during the last two weeks of the 

Fall 2020 semester. However, only 66 students completed the survey in its entirety. 

Demographic variables and student-related variables considered in the questionnaire are sex, 

race/ethnicity, two SES indicators (parents’ education and owning a house), academic major, and 

last mathematics course taken in high school. Approximately 20% of the participants are male 

and 80% are female. The majority of participants are White, consisting of approximately 71% of 

the sample, followed by approximately 9% of Blacks or African Americans, 8% of Asians, 5% 

of Hispanics/Latinx, and 8% of other students with a unique race/ethnicity in the sample. 

Approximately 84% of the students have at least one parent or legal guardian who is a college 

graduate and 16% do not. Similarly, 84% of the students reported having at least one parent or 

legal guardian who owns a house and 16% who do not own a house. Although students reported 

more than 20 different majors, 16 students were categorized as majoring in Education, 6 in 

Communications, 4 in Criminology, 12 in Languages, 12 in Political Science, 11 in Other Social 

Sciences (i.e. History, Sociology, International Studies, Anthropology), and 7 in Other. None of 

the students from education were majors in a STEM Education discipline. Moreover, 25% of the 

students took Calculus, 31% took Pre-Calculus, 21% took Statistics, and 22% took a different 

class as their last mathematics course taken in high school. Note that some of the percentages 

reported do not add to 100% because of rounding. 

As explained in the methods section, scales were used for math anxiety, basic 

psychological needs, motivation, and utility. Math anxiety consists of two subscales, anxiety 
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about learning mathematics and anxiety about being evaluated in mathematics. The two 

subscales are continuous variables of mean scores ranging from 0 (“No anxiety”) to 5 

(“Extremely anxious”). Motivation also consists of two subscales, autonomous regulations, and 

controlled regulations. The two subscales are continuous variables of mean scores ranging from 

0 to 6, indicating how motivated they are by the respective type of regulations. Higher scores 

indicate a higher regulation from the subscale. The basic psychological needs scale consists of 

three subscales, autonomy, competence, and relatedness. The three subscales are continuous 

variables of mean scores ranging from -3 to 3. A negative value indicates that the need is 

frustrated, and a positive value indicates that the need is satisfied. The magnitude of the score 

indicates how strongly the need is satisfied/frustrated. Finally, the scale for utility consists of the 

mean from 7 items and it does not have any subscales. The scores range from -3 to 3, indicating 

how useless or useful the course is or will be for them, their academic major, or future careers.   

Student variables related to high school were single, direct, and close-ended items. The 

variable attitudes, competence, and difficulty ranged from -3 (extremely negative attitudes, 

extremely incompetent, and extremely easy, respectively) to 3 (extremely positive attitudes, 

extremely competent, and extremely difficult, respectively). On the other hand, the variable 

about anxiety in high school ranged from 0 (none at all) to 4 (a great deal). 

Students’ Background in Highs School 

Students were asked about their ATM, math anxiety, competence, and the level of 

difficulty for the last mathematics course that they took in high school. Ideally, non-STEM 

students would go to college having a positive ATM, no math anxiety, and feeling very 

competent. However, on average, students reported having a slightly negative ATM, a moderate 
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amount of math anxiety, feeling slightly competent, and perceiving the last course they took in 

high school to be slightly difficult (see table 5). 

Table 5  

Descriptive Statistics on Attitudes, Anxiety, Competence, and Difficulty in High School 

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 Attitudes HS 67 -.418 2.097 -3 3 

 Anxiety HS 67 2.119 1.332 0 4 

 Competence HS 67 1.045 1.854 -3 3 

 Difficulty HS 67 .716 1.816 -3 3 

 

Pairwise correlation analyses using the Pearson coefficient were conducted on attitudes, 

anxiety, competence, and difficulty (Schober, Boer, & Schwarte, 2018). See Table 6 for a 

summary of the correlations. There is a moderate negative correlation between attitudes and 

anxiety, meaning that students who have stronger negative attitudes towards mathematics in high 

school tend to have more math anxiety. There is also a moderate positive correlation between 

attitudes and competence. This means that students who have stronger negative attitudes also feel 

less competent. Additionally, there is a moderate negative correlation between anxiety and 

competence, meaning that students with more anxiety tend to feel less competent. Moreover, 

there is a moderate positive correlation between anxiety and difficulty, meaning that students 

with more anxiety tend to perceive the course to be more difficult. Finally, there is a moderate 

negative correlation between competence and difficulty, meaning that students who feel less 

competent tend to find the last high school mathematics course they took more difficult. Notice 

that the inverse of each statement is also true. That is, students with greater positive attitudes 
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toward mathematics tend to have less math anxiety, students who have less math anxiety tend to 

feel more competent, and students who feel more competent tend to find the last high school 

mathematics course they took easier. 

Table 6 

Pairwise Correlations on Attitudes, Anxiety, Competence, and Difficulty in High School 

Variables (1) (2) (3) (4) 

(1) Attitudes HS 1.000    

     

(2) Anxiety HS -0.421 1.000   

 (0.000)    

(3) Competence HS 0.496 -0.659 1.000  

 (0.000) (0.000)   

(4) Difficulty HS -0.147 0.515 -0.473 1.000 

 (0.235) (0.000) (0.000)  

Note. P-values are shown between parentheses.  

Reports differ according to the last mathematics course students took in high school. As 

seen in figure 9, on average, students who took a different course to Calculus, Pre-Calculus, and 

Statistics reported having the most negative ATM even when they considered the course to be 

slightly easy. On the other hand, students who took Calculus reported most of the drastic scores 

when compared to other students. They reported the highest anxiety, the least perceived 

competence, and the highest difficulty levels. 
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Figure 9 

Mean Scores for Attitudes, Anxiety, Competence, and Difficulty in High School by Last Math 

Course Taken 

 

Although many differences can be seen, one-way ANOVAs along with post hoc 

Bonferroni tests were conducted to determine whether or not those differences in attitudes, 

anxiety, competence, and difficulty between students who took different last mathematics high 

school courses were statistically significant. The only statistically significant difference was on 

the levels of difficulty between students who took Calculus (𝑀 = 1.47, 𝑆𝐷 = 1.66) and students 

who took a course categorized as “Other” (𝑀 = −0.47, 𝑆𝐷 = 1.85), 𝐹(3, 63) = 3.68, 𝑝 =

.017, 𝜂2 = .15. While students who took Calculus in high school reported on average a moderate 

to extreme difficulty on that course, students who took a course categorized as “Other” reported 

on average a slightly easy level of difficulty. The last mathematics course that students took in 
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high school explains 15% of the variance in difficulty, which is a large eta-squared (𝜂2) effect 

size. 

ANOVAs and t-tests were conducted to test whether attitudes, anxiety, competence, and 

difficulty of the last high school math taken also varied by sex, race/ethnicity, SES indicators, or 

current major. There were no significant differences between race/ethnicity, SES indicators, or 

current major on those variables. On the other hand, a two-sample t-test with equal variances 

yielded significant results, 𝑡(62) = −1.77, 𝑝 = 0.04, 𝑑 = −.55. In particular, females 

(𝑀 = 2.27, 𝑆𝐷 = 1.40) reported significantly higher levels of math anxiety than males 

(𝑀 = 1.54, 𝑆𝐷 = 1.05) in the last high school mathematics course taken. According to the 

Cohen’s 𝑑, the mean difference is .55 standard deviations between females’ anxiety levels and 

males’ anxiety levels, which represents a medium effect size.     

In summary, students reported having a slightly negative ATM, a moderate amount of 

math anxiety, feeling slightly competent, and perceiving the last course that they took in high 

school to be slightly difficult. Additionally, females reported significantly higher levels of 

anxiety than males in the last high school mathematics course taken. On the other hand, students 

who took Calculus in high school reported on average the highest math anxiety, the least 

perceived competence, and the highest difficulty levels, but only the reported levels of difficulty 

between Calculus students and students who took a course categorized as “Other” reached 

statistical significance.  

Math Anxiety 

“Overcoming Math Anxiety” was the second theme reported in the first phase of this 

study. Students seemed to overcome the math anxiety developed in high school in the general 

education mathematics course due to its low difficulty and perhaps due to having a relatable 
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professor. As we saw earlier, students reported having a moderate amount of math anxiety in 

their last mathematics course taken in high school. Once again, it seems that the theme is verified 

by the larger dataset because students reported on average being mildly to somewhat anxious 

rather than moderately anxious in the general education mathematics course (See Table 7). In 

fact, when rescaling the mean anxiety scale used for their experience in high school to match the 

one used in college, students in the general education mathematics course (𝑀 = 1.53, 𝑆𝐷 =

1.16) reported significantly lower levels of anxiety than they did for their last mathematics 

course taken in high school(𝑀 = 2.84, 𝑆𝐷 = 1.51), 𝑡(32) = 4.35, 𝑝 < 0.001, 𝑑 = .77. 

According to the Cohen’s 𝑑, the mean difference is .77 standard deviations between students’ 

anxiety levels in high school and the general education mathematics courses, which represents a 

medium effect size. Thus, students do, in fact, seem to be overcoming math anxiety in that 

course.  

Two subscales were used for the anxiety scale, anxiety about learning and anxiety about 

being evaluated. A paired t-test was conducted to test whether students feel different levels of 

anxiety about learning or about being evaluated. On average, students feel significantly more 

anxious about being evaluated (𝑀 = 2.42, 𝑆𝐷 = 1.50) in the general education mathematics 

course than to actually learn in the course (𝑀 = 1.11, 𝑆𝐷 = 1.37), 𝑡(34) = 6.93, 𝑝 <

0.001, 𝑑 = 1.17. 

Although females on average continued to report higher levels of anxiety than did males, 

this difference is no longer statistically significant in the general education mathematics course. 

However, a two-sample t-test with unequal variances showed that when it comes specifically to 

anxiety about learning, females (𝑀 = 1.12, 𝑆𝐷 = 1.32) reported significantly higher levels of 

anxiety than did males (𝑀 = 0.26, 𝑆𝐷 = 0.51), 𝑡(29.80) = −2.84, 𝑝 = 0.004, 𝑑 = −.70. 
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Table 7 

Descriptive Statistics on Math Anxiety (Anx), Anxiety About Learning (AL), and Anxiety About 

Evaluations (AE)  

 Variables  Obs  Mean  Std. Dev.  Min  Max 

 Anx HS (rescaled) 67 2.649 1.665 0 5 

 Anx 35 1.695 1.316 0 5 

AL 43 1.121 1.41 0 5 

AE 37 2.399 1.459 0 5 

 

According to Cohen’s 𝑑, the mean difference between females’ anxiety levels and males’ anxiety 

levels about learning mathematics is .70 standard deviations, which represents a medium effect 

size. In fact, males’ mean for anxiety about learning is not significantly different from zero, 

𝑡(6) = 1.33, 𝑝 = 0.23. This means that males on average did not report feeling anxious about 

learning while females did.  

Although anxiety levels do not significantly vary by different majors, there are reports 

worth mentioning. Students majoring in Education reported the highest levels of overall math 

anxiety and anxiety about learning mathematics, while students majoring in Languages reported 

the highest levels of anxiety about being evaluated in mathematics (See figure 10). However, 

those means do not significantly differ from the overall means of anxiety. Similarly, there are no 

statistically significant differences between race/ethnicity or SES indicators.  
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Figure 10 

Mean Scores for Overall Anxiety, Learning Math Anxiety, and Evaluation Anxiety by Academic 

Major 

  

In summary, students are mildly to somewhat anxious but are significantly less anxious 

now in the general education mathematics course than in the last mathematics course that they 

took in high school. Their anxiety in the general education mathematics course seems to stem 

significantly more from evaluations rather than from learning math. It was previously reported 

that females had significantly more math anxiety than males in high school. In the general 

education mathematics course, this is only true for anxiety about learning mathematics, not about 

being evaluated in mathematics. In fact, on average, males did not report feeling anxious about 

learning math in the general education mathematics course. 

Basic Psychological Needs 

The frustration or satisfaction of the students’ BPNs is analyzed in this subsection. 
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Descriptive statistics for students’ satisfaction/frustration of the BPNs are shown in table 8. On 

average, students reported satisfying their need for competence in the general education 

mathematics course, but neither their need for autonomy (𝑀 = 0.28, 𝑆𝐷 = 1.28, 𝑡(76) =

1.93, 𝑝 = 0.06) nor their need for relatedness (𝑀 = −0.14, 𝑆𝐷 = 1.21, 𝑡(76) = −1.01, 𝑝 =

0.32) are significantly different from zero. Therefore, neither their need for autonomy nor their 

need for relatedness is satisfied in the course.  

Table 8 

Descriptive Statistics of Students’ BPNs 

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 autonomy 77 .282 1.281 -2.75 2.75 

 competence 76 1.339 1.314 -2.25 3 

 relatedness 77 -.14 1.214 -3 3 

 

MANOVA was conducted to test whether the reported means significantly vary by SES 

indicators, major, or race. Results yielded no significant differences. Moreover, the reported 

levels of autonomy do not significantly differ by sex. However, results from an ANOVA indicate 

that there are significant differences in the BPN of competence based on the last course that 

students took in high school, 𝐹(3,62) = 4.71, 𝑝 = .005, 𝜂2 = .19. The eta-squared (𝜂2) indicates 

that 19% of the variance in perceived competence is explained by the last mathematics course 

that students took in high school. This indicates a large effect size. In particular, a Bonferroni 

post hoc test indicated that students who took calculus (𝑀 = 1.92, 𝑆𝐷 = 0.97) and students who 

took statistics (𝑀 = 1.79, 𝑆𝐷 = 0.80) as their last mathematics course in high school reported 

on average significantly higher perceived competence than students who took pre-calculus (𝑀 =
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0.57, 𝑆𝐷 = 1.46) as their last mathematics course in high school, 𝑝 = .008, 𝑝 = .031, 

respectively. Moreover, two-sample t-tests with equal variances were conducted to determine if 

there are significant differences between females and males on perceived competence and 

relatedness. On average, females (𝑀 = 1.54, 𝑆𝐷 = 1.23) reported significantly higher levels of 

perceived competence than males (𝑀 = 0.81, 𝑆𝐷 = 1.55), 𝑡(61) = −.181, 𝑝 < 0.04, 𝑑 = −.56. 

Similarly, females (𝑀 = 0.10, 𝑆𝐷 = 1.28) reported significantly higher levels of relatedness 

than males (𝑀 = −0.71, 𝑆𝐷 = 1.13), 𝑡(62) = 2.10, 𝑝 = 0.02, 𝑑 = −.65. In this case, although 

students on average did not satisfy their need for relatedness, a one-sample t-test was used to 

conclude that males’ (𝑀 = −0.71, 𝑆𝐷 = 1.13) need for relatedness was actually frustrated as 

their mean is significantly different from zero, 𝑡(12) = −2.26, 𝑝 = 0.02. 

In summary, students reported satisfying their need for competence in the general 

education mathematics course, but neither their need for autonomy nor their need for relatedness 

is satisfied in the course. Also, students who took calculus and students who took statistics as 

their last mathematics course in high school reported significantly higher perceived competence 

than students who took pre-calculus as their last mathematics course in high school. Moreover, 

females reported significantly higher levels of perceived competence than males. Similarly, 

females reported significantly higher levels of relatedness than males, who reported the need for 

relatedness to be frustrated. 

Motivation 

Descriptive statistics for each type of extrinsic motivation are shown in table 9. As 

illustrated, on average, students reported feeling more externally regulated than any other type of 

regulation. That is, students reported feeling more motivated to learn because they want to obtain 

certain rewards (e.g. good grades, earn financial assistance) or avoid certain punishments (e.g. 
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bad grades, afraid of losing financial assistance). On the other hand, on average, the least type of 

motivation that they reported feeling is integrated motivation, which is the fullest type of 

internalization and the most autonomous form of extrinsic motivation. Moreover, the differences 

between the reported mean of external motivation and all the other types of motivation are 

statistically significant. Similarly, the differences between the integrated motivation and all the 

other types of motivation are also significant. See 10 for the results from the one-sample paired t-

tests. 

Table 9 

Descriptive Statistics for Each Type of Motivation  

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 intrinsic 76 3.640 1.382 0 6 

 integrated 76 2.741 1.382 0 5.333 

 identified 77 3.669 1.284 .5 6 

 introjected 77 3.576 1.228 0 5.667 

 external 77 4.043 1.022 .667 6 

 

Further statistical analyses were conducted to test whether there are other significant 

differences in motivation among the independent variables (major, sex, last math course taken in 

high school, SES indicators, race/ethnicity). MANOVA was conducted to determine whether 

there were significant differences in the different types of motivation (dependent variables) by 

each independent variable. There were no statistical differences in any of the types of motivation 

by major, SES indicators, or race/ethnicity. However, there was a statistically significant 

difference in types of motivation based on sex, 𝐹(5, 56) = 2.85, 𝑝 = 0.023;𝑊𝑖𝑙𝑘𝑠′𝜆 = 
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Table 10 

One-Sample Paired T-Tests (Motivation) 

     Obs   Mean1   Mean2    Dif    St Err    t- 

value  

  p- 

value 

 external – introjected   77 4.043 3.576 .468 .121 3.85 0 

 external – identified 77 4.043 3.669 .374 .184 2.05 .046 

 external – integrated   76 4.04 2.741 1.298 .208 6.25 0 

 external – intrinsic    76 4.027 3.641 .386 .203 1.9 .031* 

 integrated – introjected   76 2.741 3.587 -.846 .209 -4.05 0 

 integrated – identified  76 2.741 3.691 -.95 .16 -5.95 0 

 integrated – intrinsic   75 2.734 3.658 -.924 .147 -6.3 0 

Note. The symbol * in this table means that I used the p-value for the one-tailed t-test.  

0.80. Wilk’s lambda indicates that the factor sex accounts for 20% of the variability in types of 

motivation. Two sample t-tests were conducted to determine where those differences lie. A two-

sample t-test with equal variances reported that, on average, females (𝑀 = 4.25, 𝑆𝐷 = 0.96) are 

more externally motivated than males (𝑀 = 3.41, 𝑆𝐷 = 0.91), 𝑡(62) = −2.87, 𝑝 = 0.003, 𝑑 =

−.89. According to Cohen’s 𝑑, the mean difference in the external regulation scores between 

males and females is .89 standard deviations, which represents a large effect size. Similarly, 

females (𝑀 = 3.73, 𝑆𝐷 = 1.10) on average are more regulated by introjection than males 

(𝑀 = 2.77, 𝑆𝐷 = 1.37), 𝑡(62) = −2.69, 𝑝 = 0.005, 𝑑 = −.83. That is, females reported 

behaving more as a consequence of what others may think of them. This is a type of regulation 

that is contingent on self-esteem. Such behaviors are conducted to avoid guilt or anxiety or to 

attain pride. 
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As explained before, the motivation continuum is divided into autonomous regulations 

and controlling regulations. The autonomous regulation subscale is comprised of the items for 

intrinsic, integrated, and identified regulations, whereas the controlling regulation scale is 

comprised of the items for the introjected and external regulations. Descriptive statistics for those 

subscales are shown in table 11. 

Table 11 

Descriptive Statistics for Autonomous and Controlling Regulations 

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 autonomous reg. 75 3.315 1.144 .375 5.25 

 controlling reg. 77 3.81 .996 1.167 5.667 

 

There are no significant differences between the autonomous and controlled subscales 

and the other independent variables (major, SES indicators, race/ethnicity). However, reports 

from a paired-sample t-test show that, on average, students’ behaviors are motivated significantly 

more by controlling regulations (𝑀 = 3.80, 𝑆𝐷 = 1.01) than autonomous regulations 

(𝑀 = 3.32, 𝑆𝐷 = 1.14), 𝑡(74) = 2.83, 𝑝 = 0.003, 𝑑 = .33. Moreover, a two-sample t-test with 

equal variances was used to determine whether there are significant differences between males 

and females. Results showed that females (𝑀 = 3.99, 𝑆𝐷 = 0.92) reported feeling motivated by 

controlling regulations significantly more than do males (𝑀 = 3.09, 𝑆𝐷 = 0.87), 𝑡(62) =

−3.19, 𝑝 = 0.001, 𝑑 = −.99. According to the Cohen’s 𝑑, the mean difference is almost one 

standard deviation between female and male scores for controlling regulations, which represents 

a large effect size. Therefore, students’ behaviors are on average more controlled than 

autonomous in the general education mathematics course, and this is especially true for females.  
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In summary, students reported feeling significantly more motivated externally and 

significantly less motivated by integration than any other type of motivation. Also, females 

reported significantly higher scores on external and introjection types of motivation than males. 

On average, students reported experiencing significantly more controlling regulations than 

autonomous ones. Moreover, females reported significantly higher scores for controlling 

regulations than males.   

Utility 

Students’ perceived utility is analyzed for the general education mathematics course and 

its individual topics. Consider first the overall perceived utility of the course in table 12, which 

used the seven-item scale. 

Table 12 

Descriptive Statistics for the Perceived Utility of the Course 

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 Overall Utility 71 .296 1.35 -3 3 

 

A one-sample t-test showed that the mean utility score (𝑀 = 0.296, 𝑆𝐷 = 1.35) is 

significantly greater than zero (𝑡(70) = 1.85, 𝑝 = 0.03)  but also significantly lower than one 

(𝑡(70) = −4.39, 𝑝 < 0.001), indicating that on average students perceived the course to be 

between neither useful nor useless and slightly useful. Therefore, on average, the course is not 

considered to be useless by the students, unlike what the students in the first phase mentioned.   

Figure 11 shows box plots for the mean of the perceived utility by academic majors. As it 

can be seen the distributions for the mean of the perceived utility varies based on academic 
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major. Since there is only one outlier and it fell very far from the distribution, it was eliminated 

for the statistical test conducted below.  

Figure 11 

Box Plots for the Mean Perceived Utility by Academic Major 

 

One-way ANOVAs and t-tests were conducted to determine whether there are significant 

differences based on sex, academic major, SES indicators, or race/ethnicity. Although there were 

no significant differences based on sex, SES indicators, or race/ethnicity, ANOVA results 

showed that there were significant differences based on academic majors, 𝐹(6, 58) = 3.21, 𝑝 <

0.009, 𝜂2 = 0.25, after removing the outlier shown in figure 11. Students’ academic majors 

explain 25% of the variability in perceived utility, which indicates a large effect size. 

Specifically, Tukey’s post hoc test revealed that students from Education (𝑀 = −0.5, 𝑆𝐷 =

1.38) reported significantly lower utility scores for the course than students from Languages 
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(𝑀 = 1.05, 𝑆𝐷 = 1.41), 𝑝 = .029 and Other Social Sciences (𝑀 = 1.32,  𝑆𝐷 = 0.72),  𝑝 =

.014. While education and communication students perceive the course to be slightly useless, 

students from different academic majors perceive the course to be slightly useful.  

In addition to using the scale for the perceived utility, students were asked to rate each of 

the topics discussed in the course, selecting a score from -3 (extremely useless) to 3 (extremely 

useful). Table 13 shows the descriptive statistics for each of the nine topics and figure 12 shows 

box plots on the perceived utility by topic. The mean scores do not significantly differ by sex, 

major, race/ethnicity, or SES indicators. This means that regardless of the students' backgrounds 

the topics were on average reported as useful or useless. 

Table 13 

Descriptive Statistics for the Topics of the General Education Mathematics Course 

 Variable  Obs  Mean  Std. Dev.  Min  Max 

 Overall Utility 71 .296 1.35 -3 3 

 Preference Ballots 72 .986 1.811 -3 3 

 Voting Systems 72 1.347 1.611 -3 3 

 Fair Division 72 1.25 1.47 -3 3 

 Apportionment  71 .761 1.617 -3 3 

 Graph Theory 70 -.686 1.629 -3 2 

 Hamilton Circuits 71 -.789 1.82 -3 3 

 Spanning Trees 70 -.757 1.715 -3 3 

 Digraphs Scheduling 71 .479 1.977 -3 3 

 Sequences  69 .101 1.759 -3 3 
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There were six topics categorized as slightly useful. From those, Voting Systems was the 

topic rated as the most useful of the nine, followed by Fair Division, even with the illustrated 

outliers in figure 12. In fact, on average, all the mean scores from the different academic majors 

for those two topics are positive, indicating that Voting Systems and Fair Division are perceived 

on average as useful by the groups of students from all the academic majors. On the other hand, 

the topics that on average are seen by students as slightly useless are Graph Theory, Hamilton 

Circuits, and Spanning Trees. None of the mean scores from the different academic majors is  

Figure 12 

Box Plots of the Perceived Utility by Topics 

 

positive for those topics, indicating that on average they are not perceived as useful by the group 

of students from any academic major. 

In summary, students perceived the course to be between neither useful nor useless and 

slightly useful. It is students’ academic majors that explain 20% of the variability in perceived 

utility. Specifically, students from education reported significantly lower utility scores for the 

course than students from languages and other social sciences. While education and 

communication students, on average, perceive the course to be slightly useless, students from the 
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other academic majors perceive the course to be slightly useful. The topics that on average are 

seen by students as slightly useless are Graph Theory, Hamilton Circuits, and Spanning Trees. 

All other six topics are seen as slightly useful, but Voting Systems and Fair Division are 

perceived as the most useful ones.  

The Relationship Between Math Anxiety, BPNs, Perceived Utility, and Autonomous 

Regulations 

Analyses between all the different scales and subscales used were also conducted. The 

subscales used for the BPNT are described in table 14 as mean autonomy, mean competence, and 

mean relatedness. The scale used for utility is described as mean utility. The subscales 

considered for the different types of motivation are described as mean autonomous regulation 

(composed of intrinsic, integrated, and identified regulations) and mean controlling regulation 

(composed of introjected and external regulations). Finally, the math anxiety subscales are 

described as mean anxiety-learning and mean anxiety-evaluation.  

Table 14 shows pairwise correlations between those scales/subscales, and the p-values in 

parentheses. It shows that all the BPNs are positively and moderately correlated, meaning that 

when one of them is satisfied (frustrated) the other ones tend to be satisfied (frustrated). 

Similarly, the BPNs are all positively and moderately correlated to the perceived utility of the 

course and autonomous regulations. On the other hand, the BPN of autonomy and competence 

are each negatively and moderately correlated with anxiety about learning and about being 

evaluated, while the BPN of relatedness is negatively and weakly correlated with anxiety about 

learning.  

 

 



89 

 

Table 14 

Pairwise Correlations Between Scales or Subscales 

Variables (1) (2) (3) (4) (5) (6) (7) 

(1) mean autonomy -       

        

(2) mean competence 0.608 -      

 (0.000)       

(3) mean relatedness 0.588 0.459 -     

 (0.000) (0.000)      

(4) mean utility 0.647 0.424 0.611 -    

 (0.000) (0.000) (0.000)     

(5) mean autonomous 

reg 

0.663 0.479 0.538 0.792 -   

 (0.000) (0.000) (0.000) (0.000)    

(6) mean controlling 

reg 

0.121 0.064 0.091 -0.199 0.034 -  

 (0.293) (0.583) (0.433) (0.097) (0.772)   

(7) mean anxiety – 

learning 

-0.524 -0.567 -0.365 -0.422 -0.430 0.070 - 

 (0.000) (0.000) (0.016) (0.005) (0.004) (0.653)  

(8) mean anxiety – 

evaluation  

-0.506 -0.510 -0.232 -0.307 -0.367 0.229 0.700 

 (0.001) (0.001) (0.168) (0.065) (0.028) (0.172) (0.000) 
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As stated before, the perceived utility of the course is positively and moderately 

correlated to each of the BPNs. Additionally, it is positively and strongly correlated to 

autonomous regulations. On the other hand, it is negatively and moderately correlated to anxiety 

about learning. In summary, the tendency is that as students perceive the course to be more 

useful, the students would feel more autonomous, competent, related, autonomously regulated, 

and less anxious about learning math.  

As stated before, autonomous regulations are positively and moderately correlated to 

each of the BPNs, and positively and strongly correlated to the perceived utility of the course. 

Moreover, it is negatively and moderately correlated to anxiety about learning mathematics, and 

negatively and weakly correlated to anxiety about being evaluated in mathematics. In summary, 

the tendency is that as students feel more motivated by autonomous regulations, the students 

would feel more autonomous, competent, and related; also, they would perceive the course to be 

more useful and would have less anxiety about learning math.  

From the perspective of math anxiety, it has been stated that as students get more anxious 

about learning or being evaluated, they tend to feel less autonomous, competent, and related, 

perceive the course to be less useful, and be motivated by less autonomous regulations. 

Moreover, anxiety about learning mathematics and about being evaluated in mathematics are 

positively and strongly correlated. That is, students who are anxious about learning mathematics 

tend to also be anxious about being evaluated in mathematics. Figure 13 presents a scatterplot 

matrix illustrating the strength and direction of each pairwise correlation.  
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Figure 13 

Scatterplot Matrix Illustrating the Strength and Direction of each Pairwise Correlation 

 

Theoretically, the satisfaction of the BPNs promotes optimal motivation. Therefore, it is 

hypothesized that the satisfaction of the needs for autonomy, competence, and relatedness will be 

positively associated with autonomous regulations. To test this hypothesis, simple linear 

regressions were conducted as shown in table 15. 

Table 15 shows that each BPN positively predicts autonomous motivation. That is, on 

average, students who perceive to have more autonomy are expected to have more autonomous 

motivations. Similarly, students who perceive to be more competent are expected to have more 

autonomous motivations, and students who perceive to be more related are expected to have 

more autonomous motivations. 
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Table 15 

Linear Regression of Autonomous Regulation on each BPN 

 (1) (2) (3) 

 Autonomous Reg Autonomous Reg Autonomous Reg 

Mean Autonomy  0.59***   

 (0.08)                                      

Mean Competence   0.41***                  

  (0.09)                     

Mean Relatedness    0.50***                            

   (0.09)    

Constant  3.14***  2.75***  3.39*** 

 (0.10) (0.17) (0.11) 

𝑁   75   74   75 

R2 0.44 0.23 0.29 

Note. Standard errors in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 

 Now, a multiple linear regression was also conducted. Results partially support the 

hypothesis. Although each need has a positive association with autonomous regulations, only the 

relationship between the need for autonomy and autonomous regulations is significant. The betas 

(coefficients) along with other statistics are shown in table 16. The BPNs account for 

approximately 44% of the variance in autonomous regulation scores, 𝑅   𝑎𝑑𝑗
2 = .44, 𝐹(3, 70) =

20.40, 𝑝 < .001. 
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Table 16 

Multiple Linear Regression of Autonomous Motivation on the BPNs  

Autonomous 

Reg 

 Coef.  St. Err.  t-

value 

 p-

value 

 [95% 

Conf 

 Interval]  Sig 

Autonomy .424 .114 3.73 0 .197 .65 *** 

Competence .083 .096 0.86 .393 -.109 .275  

Relatedness .194 .103 1.89 .064 -.011 .399  

Constant 3.11 .156 19.91 0 2.798 3.421 *** 

Note. *** p<.001, ** p<.01, * p<.05 

In the first phase of this study, students explained that the course was, for the most part, 

not useful. They also explained having more controlled regulations, rather than autonomous 

ones. Therefore, it is hypothesized that the perceived utility of the course is positively associated 

with autonomous regulations. To test this hypothesis, I conducted a simple linear regression 

estimating autonomous regulations from the perceived utility of the course. Results support the 

prediction. That is, students who perceived the course to be more useful are expected to have 

more autonomous regulations, 𝑏 = 0.65, 𝑡(67) = 10.61, 𝑝 < .001. Perceived utility accounts for 

approximately 63% of the variance in autonomous regulations, 𝑅    𝑎𝑑𝑗
2 = .63, 𝐹(1, 67) =

112.49, 𝑝 < .001. 

Hierarchical linear regression analyses were employed to examine what model better 

estimated autonomous regulations. Perceived utility and the need for autonomy were considered 

in steps 1 and 2 of the hierarchical regression, respectively. Additionally, the model accounted 

for sex, SES indicators, race, last math course taken in high school, and current major, each in a 

different step. Special attention was given to the change in the adjusted R-squared in each step to 
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determine the best model. After step 2, none of the other variables yielded a significant 

association with the autonomous regulations. Also, the R-squared decreased after step 2, further 

indicating that the additional variables do not significantly affect autonomous regulations and 

resulting in an over-specified model. Thus, the best model was the model including only the 

independent variables of perceived utility and the need for autonomy (Step 2 in table 17).  

Table 17 

Hierarchical Linear Regression  

Autonomous Reg.  Coef.  St.Err.  t  Sig 𝑅2 Adj 𝑅2 𝛥Adj 𝑅2 

Step 1     .63 .62  

Utility .654 .062 10.61 ***    

Constant 3.153 .085 37.25 ***    

Step 2     .67 .66 .04 

Utility .516 .076 6.79 ***    

Autonomy 

Need 

.230 .081 2.85 **    

Constant 3.126 .081 38.57 ***    

*** p<.001, ** p<.01, * p<.05 

In this model, utility and autonomy significantly predict autonomous regulations, 

𝐹(2, 66) = 66.26, 𝑝 < .001, 𝑅    𝑎𝑑𝑗
2 = .66. Specifically, students who perceive the course 

to be more useful tend to have more autonomous regulations and so do students who have 

more autonomy. Perceive utility and autonomy account for 66% of the variance in 

autonomous regulations. Overall, results revealed that the perceived utility of the general 
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education mathematics course accounted for more variance in autonomous regulations 

than any other considered variable.  

The regression equation for the population (i.e. students enrolled in the general education 

mathematics course at a southeastern grant-land University) is given by:  

𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑜𝑢𝑠 𝑅𝑒𝑔 = 𝛽0 + 𝛽1 × 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 + 𝛽2 × 𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦 + 𝑢, 

where 𝛽0 is the 𝑦-intercept, 𝛽1 is the parameter associated with utility, 𝛽2 is the parameter 

associated with autonomy, and 𝑢 is the error term. The estimated ordinary least squares (OLS) 

equation is given by: 

𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑜𝑢𝑠 𝑅𝑒𝑔̂ = 3.13 + 0.52 × 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 + 0.23 × 𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦. 

The estimated ordinary least squares (OLS) equation tells us that, on average, if the utility 

score increases by one point, then the autonomous regulation score is expected to increase by 

0.52 when holding the autonomy score constant. In other words, for two students who differ by 

one point in perceived utility, the student with a higher utility score is expected to score 0.52 

higher in autonomous regulations when holding the autonomy score constant. Similarly, if the 

autonomy score increases by one point, then the autonomous regulation score is expected to 

increase by 0.23 when holding the utility score constant. That is, for two students who differ by 

one point in autonomy, the student with a higher autonomy score is expected to score 0.23 higher 

in autonomous regulations when holding the utility score constant. Moreover, a student who 

perceives the course to be neither useful nor useless and who has the basic psychological need of 

autonomy neither satisfied nor frustrated is expected to have an autonomous score of 3.13 (out of 

a maximum of 6). Thus, students who satisfy their need for autonomy and students who perceive 

the course to be useful are expected to have the most autonomous regulations. In other words, if 
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one wants students to be autonomously motivated in the general education mathematics course, 

one should make it useful for students and should satisfy their need for autonomy.  

The estimated or predicted autonomy regulation scores and the actual autonomy 

regulation scores are shown in figure 14, which shows the regression fit.  

Figure 14 

Plot, with Regression Line, of Autonomous Regulation and the Predicted Autonomous 

Regulation 

 

Note. Each blue dot represents a student while the red segment represents the fitted values.  

A similar question arose. Is there a significant relationship between the independent 

variables of perceived utility and the need for autonomy, and the dependent variable of 

autonomous regulation when controlling for the other BPNs, sex, race/ethnicity, academic major, 

socio-economic indicators, and last mathematics course taken in high school?  
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Table 18 shows the multiple linear regression. Multiple regression analysis yielded 

significant results. However, the only independent variable that holds a significant relationship 

with autonomous motivation when controlling for all the other variables is the perceived utility 

of the general education mathematics course.  

Table 18 

Multiple Linear Regression 

  

Autonomous 

Reg 

 Coef.  St. Err.  t-

value 

 p-

value 

 [95% 

Conf 

 Interval]  Sig 

Utility .605 .117 5.18 0 .369 .841 *** 

Autonomy .179 .124 1.45 .156 -.071 .429  

Competence .014 .107 0.13 .898 -.203 .23  

Relatedness -.039 .12 -0.33 .745 -.281 .203  

Sex -.027 .274 -0.10 .922 -.582 .528  

Parents’ Educ .003 .122 0.03 .978 -.243 .25  

House Owner .205 .333 0.62 .542 -.468 .878  

White -.201 .527 -0.38 .704 -1.266 .864  

Black -.301 .68 -0.44 .66 -1.677 1.074  

Hispanic .252 .569 0.44 .661 -.9 1.403  

Asian -.07 .622 -0.11 .911 -1.328 1.188  

Calculus .341 .325 1.05 .301 -.317 .999  

Pre-Calculus .02 .317 0.06 .95 -.622 .662  

Statistics .094 .345 0.27 .788 -.604 .791  

Communicatio

ns 

.512 .508 1.01 .32 -.515 1.539  

Criminology -.043 .59 -0.07 .943 -1.237 1.151  

Education -.007 .4 -0.02 .986 -.816 .802  

Languages -.121 .451 -0.27 .789 -1.033 .791  

Political 

Sciences 

-.14 .41 -0.34 .734 -.969 .688  

Other Social 

Sciences 

.217 .419 0.52 .608 -.631 1.064  

Constant 2.903 .563 5.16 0 1.765 4.041 *** 

 

Mean dependent var 3.298 SD dependent var  1.127 

R-squared  0.759 Number of obs   60 

F-test   6.126 Prob > F  0.000 

Akaike crit. (AIC) 140.301 Bayesian crit. (BIC) 184.282 

*** p<.01, ** p<.05, * p<.1 
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Given that only the perceived utility of the course held a significant relationship with 

autonomous regulation, mediation analyses were conducted. Particularly, the mediating effect of 

perceived utility on the relationship between the need for autonomy and autonomous regulations 

was examined using Hayes (2018) bootstrapped confidence intervals (see figure 15). The direct 

effect of the need for autonomy on the perceived utility was 0.68, 𝑝 < .001 (path 𝑎). The direct 

effect of the perceived utility on the autonomous regulations was 0.52, 𝑝 < .001 (path 𝑏). The 

direct effect of the need for autonomy on autonomous regulation is 0.59, 𝑝 < .001 (path 𝑐). 

When controlling for the perceived utility, the direct effect of need for relatedness on 

autonomous regulations 0.23, 𝑝 = 0.004 (path 𝑐′). The indirect effect of the need for relatedness 

on the autonomous regulations through the perceived utility was 0.35, and the bootstrapped 

confidence interval was [0.18,0.63] on 5,000 replications. Since the confidence interval does not 

contain zero, this indicates that perceived utility was a significant mediator of the relationship 

between the need for autonomy and autonomous regulations. Similarly, the perceived utility 

significantly mediated the relationship between the need for competence and autonomous 

regulation, and the need for relatedness and autonomous regulation, as shown in figure 16. That 

is, rather than a direct causal relationship between the BPNs and autonomous regulations, these 

mediation models propose that the BPNs positively influence the perceived utility, which in turn 

positively influences the autonomous regulations on these non-STEM students in the general 

education mathematics course. 
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Figure 15 

Diagram of the Mediating Effect of Perceived Utility on the Relationship Between the Need for 

Autonomy and Autonomous Regulation 

 

 

 

 

 

 

 

 

Figure 16 

Diagram of the Mediating Effect of Perceived Utility on the Relationship Between the Need for 

Competence and the Need for Autonomy and Autonomous Regulation 

 

 

 

 

Findings of Phase Three and Data Integration 

This mixed-methods study, which followed an exploratory sequential design, 

qualitatively explored the essence of non-STEM students in a general education mathematics 

course through a small phenomenological study, and then quantitatively through the use of a 

survey and statistical tests such as t-tests, ANOVAs, MANOVA, Simple Linear Regression, 

Hierarchical Linear Regression, and mediation analysis. The first phase intended to understand 

the essence of being a non-STEM student in a general education mathematics course, while the 

Autonomous Reg Need for Autonomy 

Perceived Utility 

𝑐 = 0.59 

𝑐′ = 0.23 
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second phase was mostly intended to check if the conclusions for the first phase hold on a larger 

sample. Given that students have different backgrounds, phase two also intended to account for 

such differences at the student level. In this section, I integrate the two types of data (qualitative 

and quantitative) to better understand students’ experiences and perceptions of the general 

education mathematics course. Moreover, I use the focus group interviews to explain the 

significant differences found at the student level in the second phase of this study. 

        This section begins with a brief introduction to phase three. After the brief introduction, this 

section follows a particular pattern. First, the conclusions from the first two phases will be 

presented, compared, and contrasted. Then, a diagram of the students’ perceptions will be 

presented showing the differences in the results from phases one and two (see figure 17 for the 

format of some figures). Finally, quotes from phase three are used to shed light or explain the 

significant differences found in phase two based on student-level variables. 

Figure 17 

Description of the Commonly Used Diagram in this Section 

 

Introduction to Phase Three 

        While the first phase of this study, the small phenomenological study, took place before the 

context of COVID-19, the second phase took place by the end of Fall 2020, and the third phase 

took place in Spring 2021. In the third phase, a total of seven students volunteered to participate 

in focus group interviews. Students were placed in two different focus groups. One of the groups 

consisted of four females, two of which are Education majors and the other two are majoring in a 

language. This group was created this way so that the contrast in experiences could be 
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investigated between two groups who significantly differed on the perceived utility of the course. 

The other group consisted of three students, one male and two females. Since most of the 

significant differences found are based on sex, this group was created so that the contrast in 

experiences could be investigated between males and females. Nevertheless, the same interview 

protocol was used in both focus groups (See Appendix E). As mentioned before, the data is 

integrated below along with the analysis of phase three. 

ATM, Math Anxiety, Competence, and Difficulty in High School 

Four important constructs that may influence non-STEM students’ perceptions and 

experiences in the general education mathematics course were identified in the first two themes 

named “Calculus as a Turning Point” and “Overcoming Math Anxiety” from the first phase. 

Those constructs are about their previous experiences in high school, namely: (a) their attitudes 

towards mathematics, (b) their math anxiety, (c) their perceived competence, and (d) their 

perceived difficulty of the last mathematics course that they took in high school. The student 

interviews suggested that students considered the last course that they took in high school to be 

difficult, felt that they were not competent, had negative attitudes toward mathematics, and had 

math anxiety (See the first diagram in figure 18). 

Results from the second phase confirmed the results from the first phase, except that it 

showed that students feel, on average, competent (See the second diagram in figure 18). 

However, when compared to students who took any other math course as their last course in high 

school, students who took Calculus reported the highest anxiety, the least perceived competence, 

and the highest difficulty levels. This combination may have influenced their experience in 

Calculus and affected the way they felt in the general education mathematics course. Therefore, 

it seems that, within the high school context, Calculus might be a turning point for many of these 
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students. However, significant differences between students who took different courses as their 

last mathematics course in high school were only found on the perceived difficulty. Additionally, 

females reported feeling significantly more anxious than males in their last mathematics course 

in high school. 

Figure 18 

Summary of the Findings of High School Math from Phases One and Two 

 

In phase three, students were asked about what contributed to their anxiety in the last 

mathematics course in high school and about the reasons why females might feel more anxious 

than males. Using open and axial coding, the sources of anxiety for the interviewed students can 

be said to emerge mostly from the math course that they took, the college requirements, and the 

general context. Each of those sources of anxiety is discussed below. 

Sources of Anxiety Coming from the High School Course. The last high school 

mathematics course that students took could have negatively influenced students’ levels of math 
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anxiety. One of the sources of students’ anxiety in the course was its difficulty. This seems to 

have been the case especially for students who are currently non-STEM majors who took 

Advanced Placement (AP) courses or who attended an early college high school. As one student 

stated: “I went to the early college high school so that the expectation was sort of that we were 

like all good at everything, like all the time, and I was not good at math. I struggled like really 

hard.” Additionally, another student mentioned the following: “My last course in high school 

was AP stats, and so it was pretty rigorous.” As expressed by these students, both the expectation 

and rigor may be higher in AP courses or early college high school mathematics courses than 

regular math courses, which seems to add math anxiety to students who were not going to pursue 

a STEM major in college. 

The second source of anxiety came simply from the fact that many students did not like 

the course they were taking. As one student expressed: “I mean, I felt very anxious because I did 

not like it. I mean, some would say they would hate it, but I think all of us felt the same way.” 

Similarly, another student stated: “I took a trigonometry college class in high school. That was 

terrible! I hated every second of it. I don't like it; I should have taken statistics.” Therefore, the 

course per se is another source of math anxiety for some students. Thus, the students mentioned 

that the math anxiety they felt originating from the course per se is due to its difficulty or due to 

having to learn something that they do not like.  

Sources of Anxiety Coming from the College’s Requirements. In addition to feeling 

anxious because of the course’s difficulty and because some students do not like the math they 

were taking, some students felt additional anxiety because they had to do well to have credits 

count toward college. For example, one student stated: “I was focused on getting a good grade so 

it could transfer to the university, and so I think that's where most of my stress came from which 
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is wanting to be successful on it.” Another student expressed something similar, but in hindsight, 

she added: “I really regretted taking it, because, at the end of the day, they changed the 

curriculum here [at this university] when I got here. It's already been accepted. So, it was a waste 

of time.” That is, this student enrolled in a course that she hated, was able to be successful under 

the assumption that it would count as college credits, and did not receive any benefit from it, 

causing a lot of anxiety with no apparent benefits. Thus, although beneficial for most students, 

knowing that a high school mathematics course could count towards college credits may be a 

source of anxiety for many students who are not going to be STEM majors.  

Sources of Anxiety Coming from the Context (High School). The context in which 

students took the last mathematics course in high school also influenced their math anxiety. In 

particular, other students in the classroom, the teachers, and the COVID-19 context seemed to 

have been sources of anxiety for the interviewed students. 

For future non-STEM majors, a source of anxiety was the environment created by other 

students who were going to pursue a STEM major in college. Particularly, most of the students 

agreed with the following statement of an interviewee: “A lot of my peers were going into STEM 

fields, and I felt like there wasn't necessarily a place for me in that math class.” Thus, students 

often felt like they were not in the right place due to being in a context mostly focused on future 

STEM majors. In that way, she felt like a minority who did not share similar interests with other 

students within the classroom. Therefore, this low sense of belonging contributed to feeling math 

anxiety. 

Another student mentioned that a transition of teachers negatively impacted their anxiety. 

She stated: “Because our teacher ended up moving to another classroom, we had different 

substitute teachers who didn't really know math. They just supervised us. We pretty much 
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learned through assignments, rather than an actual teacher.” This seemed to have been an abrupt 

change of context for those students, especially when the substitute teachers were not certified in 

mathematics and students had to rely mostly on themselves. Thus, this was another source of 

math anxiety for students. 

Another source of anxiety coming from the context was the COVID-19 outbreak in the 

United States. Students who took the course during the COVID-19 outbreak expressed feeling 

anxious about their college readiness, especially in math. For example, one student mentioned: 

“So, I felt anxious mostly because of COVID. Again, the school year did end prematurely. So, 

we didn't learn the entire curriculum or everything that we could have learned.” 

As it can be seen, the context is an important factor to consider when trying to understand 

where the anxiety is coming from. Specifically, non-STEM majors felt that external factors, such 

as COVID-19, a transition of substitute teachers, and being in a context where students feel like 

they do not belong, were sources of math anxiety in high school. Unfortunately, all these sources 

of anxiety are things that students cannot control. 

Sources of Additional Anxiety for Females (High School). As it has been stated, 

students felt anxious in the last mathematics course because it was difficult, they did not like it, it 

would count toward college credits, they felt like they did not belong in a course where most 

students were going to be STEM majors, substitute teachers did not know the content well 

enough to teach it, or because the COVID-19 outbreak did not let us learn everything they were 

supposed to. On top of this, females tended to feel more anxiety than males. The interviewees 

suggested some reasons why females felt more anxious than males in the last mathematics course 

taken in high school. 
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Females suggested many reasons why they felt more anxious than males. First, one 

student claimed that females, in general, are more academically oriented than males and stated: 

“I feel like women overall care a little bit more about academics, and so I think that pressure to 

care and pressure to be successful, contributes.” Although this can be interpreted in terms of 

academic anxiety in general, it also applies to math anxiety in specific. 

Second, they mentioned that stereotypes in STEM make females feel like they need to 

prove themselves. This is supported by both females who liked and who did not like math. For 

example, one who liked math mentioned: “Especially women in STEM, I feel like you have to 

prove yourself a little bit more, and so, especially in math classes, I wanted to prove that I was 

really good at math.” Supporting this same idea, another student who did not like math stated the 

following: 

I think that I put a lot of pressure on myself to do well because I want to feel like I'm 

accepted by this community, and I feel like I already have to overcome the no-shared 

interest barrier. So, I feel that my high performance is like one way to do that. 

Moreover, this same statement is supported by others who thought were “not good at math”. One 

of them said the following: 

I feel like there's a lot of pressure to compensate almost. And to not feel like you're good 

in a class that's historically male-dominated is uncomfortable. At least for me, not only 

did it feel like I had to do as well as everybody else, which was already hard because I 

wasn't good at math, I felt like I had to do better, and that was a lot of pressure and a lot 

of anxiety. 

Therefore, it seems that most non-STEM females felt anxious and pressured to do well in high 

school math due to the stereotypes held against women in STEM. As one of them put it, it seems 
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that they feel the pressure to “overcompensate” to let others know that they can do math. This 

was still true for females regardless of the perceived competence in math and how much they 

liked or did not like math. 

Third, not only was the external pressure of refuting the stereotype about females in 

STEM a source for anxiety, but also the fact that many of them felt like minorities in a 

“historically male-dominated” field was another source of anxiety. They mentioned things like: 

“Women in STEM are really underrepresented. So, I think there is that external pressure to do 

well and another reason why females were to feel more anxious in comparison to males.”, “I was 

one of three girls in my AP stats class, and so I was really in the minority and like fighting an 

uphill battle all the time.”, and “For me, I felt like I was a minority in gender and particularly 

knowing that a lot of my male peers were going into STEM felt like there wasn't necessarily a 

place for me in that math class.” 

In contrast, the only male interviewee explained his perspective about math anxiety in the 

last mathematics course taken in high school. Overall, unlike females, he did not feel math 

anxiety and attributed this fact to the difficulty of the course and the professor. Particularly, he 

stated: “I was not stressed. I took like a pretty easy math class senior year and like the teacher 

totally contributed to being laid back; he's a really good teacher as well.” 

Interestingly, these results not only verify the findings from the quantitative phase about 

females feeling more anxious than males in their last mathematics course taken in high school, 

but they also explain why females reported significantly higher anxiety levels in the last 

mathematics course taken in high school than males. In addition to the sources of anxiety, such 

as those coming from the course, the college’s requirements for AP courses, and the general 

context, academically-oriented females felt the responsibility to refute the stereotype about 
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females in STEM while feeling like “fighting an uphill battle all the time” as a minority. 

Therefore, feeling on average a moderate amount of math anxiety and significantly more than 

males. A summary of the findings related to students’ background high school from all the three 

phases are presented in figure 19. 

Figure 19 

Summary of the Findings of High School Math from Phases One, Two, and Three 

 

 

 

 

 

 

 

Math Anxiety in the General Education Mathematics Course 

Interpreting math anxiety by itself yields somewhat incomplete results because one 

would not know if the math anxiety was reduced or exacerbated in the general education 

mathematics course. Therefore, math anxiety was studied both in retrospection of their 

experiences in high school and currently in the general education mathematics course. I have 

already discussed the qualitative and quantitative findings of math anxiety in high school, which 

are summarized below. Afterward, this subsection focuses on math anxiety in the general 

education course and the significant differences found in that scale.  

In the first phase of this study, it was concluded that students were overcoming their math 

anxiety in the general education mathematics course due, mostly, to the low difficulty of the 
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course and the fact that most students were able to be successful in it. Results from the second 

phase support the conclusion that students are overcoming math anxiety. First, it was found that 

students in high school were moderately anxious but now they are mildly to somewhat anxious. 

Second, it was found that the difference between math anxiety in high school vs the general 

education mathematics course is statistically significant, reducing their math anxiety in the 

general education mathematics course by, on average, one to two points on the scale. Lastly, it 

was found that most of the anxiety comes from being evaluated and not learning math, as the 

difference between these two types was significant. In fact, males on average did not report 

feeling anxious about learning while females reported feeling only mildly anxious about learning 

math. Therefore, the theme “Overcoming Math Anxiety” is also verified quantitatively using a 

much larger sample of students. See figure 20 for a summary of these findings.  

Figure 20 

Summary of Findings on Math Anxiety from Phases One and Two 

 

In phase three, students were asked about the three significant differences found. In 

specific, they were asked about the reasons why they felt significantly less anxious in the general 

education mathematics course than in the last mathematics course that they took in high school, 
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what made them anxious about evaluations, and why females are more anxious than males about 

learning math in that course.  

Reasons why Students are less Anxious in the General Education Mathematics 

Course. Students were asked about the possible reasons why they, as a group of non-STEM 

majors in the general education mathematics course, felt less anxious in that undergraduate 

course than in the last mathematics course taken in high school. All seven students agreed that 

they felt less anxious in the undergraduate course than in high school and were very aware of the 

reasons why. Most of the reasons were related to the allegedly lower difficulty of the 

undergraduate course, lower expectations, a greater sense of belonging, and lower stakes at risk. 

All those reasons are explained below.  

Lower Difficulty in The General Education Mathematics Course. Non-STEM majors 

agreed that the general education mathematics course was easier than the last mathematics 

course that they took in high school, therefore, reducing their stress and anxiety levels. One 

student explained it the following way: “[The last mathematics course that I took in high school] 

was like pretty high stress and it was difficult for me, but then like going to [the general 

education mathematics course] was pretty easy, so I didn't feel that much stress.” Moreover, 

because the course was easier than their immediate previous experience, they felt like they were 

better prepared for it, which reduced their anxiety. As another student stated: “I felt prepared and 

whenever I feel prepared, I'm more confident, and so I think that contributed a lot to low stress 

and anxiety.” Thus, the low difficulty of the general education course is one reason why 

students’ level of math anxiety was reduced.  

Lower Expectation in The General Education Mathematics Course. A second reason 

why non-STEM majors felt less anxious in the general education mathematics course than in the 
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last mathematics course taken in high school is the lower expectations held by themselves, the 

classmates, and the teacher. An example of lower expectations held by themselves is illustrated 

by a student. As background information, she put off taking the math class to her last year of 

college because of the residual anxiety that she had from her last mathematics course taken in 

high school. She stated the following: “So, I was just like ‘I don't care at this point.’ So, but the 

anxiety was still there, I guess, not as much.” This was also the case of other students as well 

who explained that they were afraid to take the course, but by the time they took it they just did 

not pressure themselves because “it was just to fulfill the requirements for graduation.”  

Students did not feel like other students had high expectations for them either. Like one 

student said: “If I had a question, somebody else, most of the time, had the same question. So, if 

they didn't ask it yet, I didn't feel like dumb for asking ‘Okay, how would I do this?’” Moreover, 

teachers seemed to not expect students to go beyond what was taught in the lecture, which 

reduced their anxiety levels. In specific, students agreed with a student who stated the following: 

I also loved how the teacher is really good at what he does. He outlined each variable, 

each definition, and that's exactly what we saw in the test, the homework, and the Web 

Assign. So, there wasn't any like additional work that we had to do. Like, he taught us, 

and I knew what we had to shoot off the bat and now it's like a nice change of pace. 

Most students liked this approach and the teacher, especially as the course was part of the 

general education program (GEP) and not part of their major. Therefore, having lower 

expectations from themselves and other students, while not having additional work to do to be 

successful in the course were reasons that helped reduce their math anxiety. 

A Greater Sense of Belonging in the Course. A third reason why non-STEM majors felt 

less anxious in the general education mathematics course than in the last mathematics course 
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taken in high school is a greater sense of belonging in the undergraduate course. As explained 

before, students in their last mathematics course in high school often felt like they were not in the 

right place due to being in a context mostly focused on future STEM majors. That contributed to 

feeling more anxious in high school. However, the general education mathematics course is for 

non-STEM students, which made most of them feel in the right place along with people who 

share similar interests. As one student stated:  

I was comfortable with my major and I think that the community of [the general 

education mathematics course], which was a lot of other people who didn't really enjoy 

math, was really comforting. I didn't really feel alone. I didn't feel like I was the only one 

struggling. It just felt more communal and approachable. 

Most of the other students agreed with her statement. Therefore, when compared to high school, 

this greater sense of belonging in the course reduced their math anxiety.  

Although most students felt a greater sense of belonging in the general education 

mathematics course than in high school, not all students had the same experience. As one student 

stated: “I didn't have any sense of communal. My class was like dead silent.” Some other 

students agreed. Although everyone watched the same pre-recorded lectures, one instructor was 

more engaging than the other through the forum and emails. Hence, one group felt a greater 

sense of belonging than the other. Regardless of the section, students expressed feeling more in 

the right place due to being in a class focused on non-STEM students. Thus, increasing their 

sense of belonging in the course and helping reduce their math anxiety.  

Lower Stakes in The General Education Mathematics Course. The last reasons why 

they felt less anxious are summed up in students thinking that the general education mathematics 

course has less at stake than the last mathematics course that they took in high school. Students 
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expressed that the high school math course was a high-stakes course because they needed to get a 

good grade to get into a good college. On the other hand, they said that the general education 

course is not like that because, as one student stated, “There's nowhere to go. You've arrived.” 

Additionally, one student said: “I just had to take my last math course and was done with math.” 

This was not the case in high school either, where they felt like they needed to learn and be 

prepared for the next step. Moreover, students had the option to get a pass or fail evaluation in 

the general education mathematics course rather than a letter grade, meaning that it would not 

impact their GPA. As another student stated: “If I'm going into a job, they're not looking at that, 

compared to like you know in high school like I'm trying to get into this college and trying to get 

these grades to get this GPA.” Therefore, while students in high school felt anxious about getting 

prepared for college and getting a good GPA so that they can get into a good college, these 

students felt less anxious in the general education course because they could use a pass or fail 

grade that will not impact their GPA, many of them did not need to take another math course at 

college, and they felt that finding a job in their fields is not contingent on the course.  

In sum, students did provide many reasons why they felt less anxious in the general 

education mathematics course than in their last mathematics course taken in high school. These 

reasons are: (a) Feeling prepared and finding the course to have a lower difficulty; (b) holding 

lower expectations from themselves, other students, and professors; (c) feeling a greater sense of 

belonging in the course; and (d) perceiving the college course to have lower stakes. All these 

reasons help explain why students who are non-STEM majors felt less anxious in the general 

education mathematics course than in the last mathematics course taken in high school.  

Reasons why non-STEM Majors are More Anxious About Evaluations than 

Learning in the General Education Mathematics Course. Although students who are non-
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STEM majors in the general education mathematics course feel significantly less anxious than in 

the last mathematics course that they took in high school, they still feel some anxiety. 

Evaluations, rather than learning math, are the biggest source of anxiety. Therefore, students 

were asked what about evaluations in the general education mathematics course made them 

anxious. Most of the anxiety about evaluations is due to the grade of the course relying almost 

entirely on exams, math being an exact science, and not having any wiggle room in time or 

correcting the mistakes.  

One source of anxiety about evaluations is that 90% of the grade was comprised of 

exams. As one student stated:  

I agree with everybody. I don't think there's anything wrong with evaluating via tests or 

exams, but to have it count for a grade, particularly with [the general education 

mathematics course] in which 90% was for exams and then 10% homework. So, a lot of 

the points came from the exams, and there wasn't any other metric for improvement or 

engagement or any other psychological feelings around math. 

That 90% contributes a lot to their grades and their anxiety. The difference between the anxiety 

coming from evaluations vs the slight anxiety coming from learning and other types of 

evaluations is clearly explained by the following quote from a student:  

I always care about the grade and that's what gives me anxiety. Like I loved going 

through the lectures. I've loved doing the WebAssign but as soon as it comes to test week 

I'm like in my head trying to figure out ‘What do I need to know, what do I need to be 

able to do, and what is gonna happen on this test?’ and that's where my anxiety comes 

from, especially in math courses. 
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Therefore, having the grade of the course rely almost entirely on exams was a big source of 

anxiety for them, unlike doing the assignments and learning by watching the lectures. 

The nature of the evaluations is also what made them anxious. Being these types of 

evaluation exams, students felt that they had to be perfect in a specified amount of time. As one 

student stated: “When it comes to taking a test, it's like ‘Oh! All the pressure is on this 

moment.’” Most of the pressure was on those moments because as another student stated: “There 

was a lot resting on being good at that moment.” On the other hand, learning math was not like 

that because they had more time, and thus contributed less to their anxiety. As one student 

expressed: “When you're learning, you're learning at your own pace since we're all online.” 

Similarly, another student mentioned: “I think for me and learning they're sort of the expectation 

that you can fail, and you can get things wrong, and you can you know sort of figure it out over 

time.”  

Additionally, the exams were focused on exact answers for closed-ended questions, 

which served as another source of anxiety for these students who are non-STEM majors. As one 

student mentioned: “You either know them or you don't. There's no wiggle room; there's no 

figuring it out at the moment.” In this sense, as a student stated, “I think exams just are much 

stricter than learning.” For some students, that is not preferable. For example, one student 

mentioned:  

I'm an English major for a reason. I like there to be like interpretation open for answers 

and that's why I’ve always sucked at math and I’ve always put it off because I suck at 

coming to like the exact right answer, and it has to be the exact answer. 

In summary, students think that learning math, especially in the asynchronous course, is 

not a big source of anxiety when compared to evaluations because they were learning at their 
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own pace and they could figure things out over time. On the other hand, evaluations, in specific 

the exams, are a bigger source of anxiety because they had a much heavier weight on the grade, 

they required exact answers for closed-ended questions, all the pressure was on the moment of 

taking the exam, and there was almost no other metric of improvement for them, 

Reasons why Females are more Anxious About Learning Math than Males. In phase 

two of this study, it was concluded that, although females reported significantly lower levels of 

anxiety than in high school, they were still reporting significantly higher levels of anxiety than 

males about learning math in the general education mathematics course. Females provided 

similar reasons than before to explain why they felt more anxious than males about learning in 

the general education mathematics course. Similar to what was discussed under the subsection 

“Sources of Additional Anxiety for Females (High School)”, females felt the responsibility to 

refute the stereotype about females in STEM and prove to others and themselves that they were 

able to be successful in math. 

The male participant was also asked for reasons why he thought males felt significantly 

less anxious about learning in the general education mathematics course than females. He 

provided his perspective and stated:  

I feel like just me personally, in addition to just not stressing very much over like classes 

in general or especially math, I know I'm not a STEM dude. So, this is one of my two 

required math classes in college. It's no big deal. 

Therefore, it seems like males tend to not feel that external pressure that females tend to feel 

about needing to prove that they can be successful at math. In fact, he added: “I mean, I don't 

really have anybody that I feel like I need to prove that I can take a math class.” This is 

consistent with previous results about why females felt more anxiety than males. There is simply 
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no stereotype for him to prove wrong. He added: “I don’t really get stressed out at all…I just 

make sure that I am learning everything. If I know I’m getting everything okay, tests probably 

going to end up well, you know.” 

Although it has been already explained that students do not really feel a lot of anxiety in 

the general education mathematics course, the reason why females feel significantly more 

anxious about learning math is because of the stereotype that society holds on females in STEM. 

Thus, this makes them feel like they need to prove themselves to others and prove that stereotype 

wrong. Otherwise, they feel like they are contributing to the stereotype. On the other hand, males 

seem to not feel this external pressure.  

Basic Psychological Needs in the General Education Mathematics Course 

Although the BPNs of autonomy, competence, and relatedness did not emerge as a theme 

in phase one, they were considered in phase two mainly because of two reasons. First, the sudden 

shift in the context caused by COVID-19 warranted attention to these three psychological needs. 

Second, students did talk, explicitly or implicitly, about all these three needs in phase one. 

Therefore, we added a validated instrument to measure the satisfaction or frustration of those 

needs.  

In the analysis for phase one, it was hypothesized that students had satisfied one or two 

BPNs, being the need for competence one of them. Results from phase two (see figure 21) 

indicated that while students’ need for competence was satisfied, students’ needs for autonomy 

and relatedness were not. This validated the hypothesis from phase one. Additionally, females 

reported significantly higher levels of perceived competence and relatedness than males. Since 

the interviews in phase one did not include questions about the BPNs, questions were included in 

phase three. In specific, students were asked for reasons why their needs for autonomy and 
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relatedness were not satisfied as well as why females reported significantly higher levels of 

perceived competence and relatedness than males. 

Figure 21 

Summary of Findings on the Basic Psychological Needs (BPNs) from Phase Two 

 

Reasons why Students’ Need for Autonomy is Neither Satisfied nor Frustrated. 

Students provided two main reasons to explain why their need for autonomy was not satisfied. 

First, students mentioned that they did not have any options in terms of evaluations or topics to 

be discussed. As one of them mentioned: “The class is already laid out for us from the get-go. 

Like all the lectures were there from the first day and there's already an agenda for us.” Second, 

students did not necessarily like the topics discussed as clearly expressed by many students. 

Therefore, students felt like their need for autonomy was not satisfied because they did not 

experience a self-endorsement of their actions. It seems that everything was imposed on them, 

like they mentioned, “from the get-go.”  

On the other hand, other students mentioned that they felt autonomy because they were in 

charge of their own time and their pace. For example, one student mentioned: 

I kind of had a lot of autonomy, I didn't love the course content, but I liked the 

asynchronous aspect and being able to like do it on my own time and if I needed to like 

pause and look something up, I could kind of pick the website at my own pace. Having a 
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little bit of time to do my own thing for a while and then like come to it when I was ready 

was nice. 

Other students agreed with her in that they felt autonomous mainly in the aspect of pacing 

themselves. 

Thus, it is likely that these different perspectives balanced each other out to make the 

need for autonomy neither frustrated nor satisfied. On one hand, students felt like they were not 

autonomous in terms of the content of the course or how it was going to be evaluated, but they 

felt autonomous in terms of their pacing. That is, on average, students felt willingness and 

volition with respect to their behaviors in their pacing but not to what they were learning.  

Reasons why Students’ Need for Relatedness is Neither Satisfied nor Frustrated. 

Students’ need for relatedness was not satisfied either. Their main reasons for it circle the fact 

that the course was provided in an asynchronous modality. As one student stated: “I think the 

online portion is 100% related to the lack of feeling connected.” Another student explained: “I 

didn't know a single person in my asynchronous class. We never had a Zoom call to join, 

absolutely nothing.” Another student added: “Yeah. I didn’t feel a connection with anybody.” 

Moreover, another student stated: “The only way we could connect to other people was through 

the forum, like a Q and A forum that is optional to go to.” Furthermore, some students expressed 

that the office hours often did not work for them because they were unavailable at those times 

(e.g. part-time jobs). Therefore, it seems that there were almost no opportunities to connect with 

other students or with the professors. Hence, students did not feel in an environment where they 

were encouraged to be responsive and sensitive to one another. Thus, they were not able to create 
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a higher sense of relatedness other than knowing that the other students were also non-STEM 

students.  

On the other hand, the need for relatedness was not completely frustrated either (see 

subsection A Greater Sense of Belonging in the Course). As one of the students mentioned:  

I definitely felt more connected in this class than in some of my asynchronous classes. I 

think all of my classes last semester were asynchronous if I remember correctly. So, it 

was sort of nice to like to have the surveys and have the discussion forum and have some 

sort of like human interaction a little bit. 

The surveys sent by one of the professors was, as one student stated: 

A really nice way to connect with the students as people. It was a weekly survey with a 

bunch of cute questions like ‘What's your favorite color?’, ‘What are you doing this 

weekend?’, and it was always a good reminder that we acknowledge that we were all 

people, not just a student and teacher dynamic. 

However, this only happened in one of the two sections. As expressed by another student: “I 

didn't have any sense of communal. My class was like dead silent.” 

Ultimately, the need for relatedness was not satisfied, but it seemed that this was not only 

the case for this general education mathematics course. Students agreed with a student who said 

the following: 

Also, I think, external factors had a lot to do with it, too. Obviously, we're in a pandemic. 

None of us were going to campus, like whoever knows if we are in the state. So, I think 

as a whole, like it wasn't specifically just this class I was feeling those feelings. Just being 

completely online and having no interaction at all with humans, I think, led to those 
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feelings of me being like it's me and my computer; me and the professor going at it every 

week. 

Therefore, considering this subsection and the subsection named “A Greater Sense of 

Belonging in the Course”, it seems that students felt like they were in a math class with people 

like them, but they did not get to have many interactions that led them to feel connected to 

others. That is, although they expressed feeling like they belonged because they were non-STEM 

students, most of them expressed feeling like they did not have enough opportunities to get to 

connect with others.  

Reasons why Females Reported Higher Levels of Perceived Relatedness than Males. 

Although males and females did feel like their need for relatedness was satisfied, females 

reported significantly higher levels of perceived relatedness than males. Students did not provide 

specific reasons why this happened, but an interesting conversation may illustrate reasons why. 

Female 1: I love going there [discussion forum] for the homework! People always ask 

questions about the homework and that's when I would interact with people when 

they had something to say about the WebAssign. 

Male: I kind of forgot there was a forum. 

Female 1: We also had a group message with a couple of the people and, like on test day 

people would send out ‘Happy test day! Wishing the best for all!’ Like just really 

support and stuff. So, I'm like ‘This is why I love humanities.’ You know? I 

found a group of people that I was comfortable with, but I also knew I needed 

that to be my best in the class. 

Interviewer: Just out of curiosity, where most of them females in that group? 
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Female 1: Oh yeah. Yeah. It's females I’ve known from other classes and we all happened 

to be in the same class. 

Female 2: I wish I was in that group chat! I love that! 

In this conversation, it can be seen how females enthusiastically talk about how good it was to 

belong to that group chat or how they would love to be a part of it. Also, one of them explained 

that she liked to participate in the discussion forum. On the other hand, the male does not show 

any enthusiasm for either the discussion forum or the group chat. In fact, he even forgot there 

was a discussion forum. Therefore, while the male student seems to not value these interactions, 

females tended to seek them and benefit from them. Thus, this may be one reason why males felt 

even less connected and related to others than females in the general education mathematics 

course.  

Reasons why Females Reported Higher Levels of Perceived Competence than 

Males. Now, females also reported higher levels of perceived competence than males. However, 

they did not provide reasons that could explain why this was the case within these non-STEM 

majors in the general education mathematics course. Specifically, females mentioned that they 

did not know because they did not have interactions with other males from the course given that 

it was asynchronous. Nevertheless, a female student stated that: “I feel like women overall care a 

little bit more about academics, and so I think that pressure to care and pressure to be successful, 

contributes.” Having more motivation than males, as explained before, may increase their 

perceived competence, which is what this student explained. Therefore, being more motivated, 

regardless of what the source of motivation is, may be one reason why females reported 

significantly higher scores on competence than males.  
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Motivation in the General Education Mathematics Course 

Understanding what motivates students to learn math in the general education course is 

important to better understand their experiences and how to better cater to their needs as non-

STEM students. See figure 22 for a summary of the findings on motivation from phases one and 

two. In phase one, it was concluded that external motivators, such as grades, were the main 

motivators to learn math in the course. In phase two, it was concluded that it was, in fact, 

external motivators the strongest type of motivation for these non-STEM students according to 

what they reported. On the other hand, the identified motivation was the least reported type of 

motivation felt by them. Additionally, it was concluded that students feel both autonomous and 

controlling regulations; however, they reported feeling significantly more motivated by 

controlling regulators than autonomous ones. Moreover, it was concluded that females feel 

significantly more motivated by controlling regulations than males. Given that the controlling 

regulation scale is composed of the external and introjected types of motivation, and that the 

external motivation was the strongest motivator of all, results from phase one are once again 

verified with the larger sample of students in phase two.  

Figure 22 

Summary of Findings on Motivation from Phases One and Two 
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Reasons why Students are more Motivated by Controlling Regulations than 

Autonomous Ones. In phase three, reasons why students felt more controlling regulations than 

autonomous ones and why females felt more regulated by controlling regulations than males are 

presented. Students expressed that their motivators were mostly external. Completing a 

requirement, grades, and getting or keeping financial aid were the strongest motivators for them 

to learn in that general education mathematics course. These motivators and reasons why they 

felt those motivators are explained below. 

Checking Off the Box. Many students expressed that they just wanted to complete the 

requirements of the GEP. It was that motivator that controlled their learning. For example, one of 

them mentioned: “I was definitely just trying to pass this class and I was only taking it to get the 

grade and to be done with math for the rest of my life.” Similarly, other students expressed that 

they just wanted to “check off the box.” For example, students agreed with the following 

comment: “It's mainly to check off the box of just having that one math class towards your 

degree. That was my main motivator.” Therefore, many students were just learning to simply 

pass the class. This regulation in the learning process is considered a controlling one.  

Getting a Good GPA. The grade was possibly the strongest motivator for non-STEM 

students, even for those who also felt autonomously regulated. Most students expressed that the 

grade is what motivates them to learn. This does not mean that they are not valuing what they are 

learning, but most of them are not motivated because they value math. As one student stated:  

I guess that like when it comes down to what my motivation is, is it to learn math or is it 

to get the grade, well, I wouldn't be taking the class if I didn't have to. So, it's about the 

grade for me, like I'm not choosing to take a math class but that doesn't mean I'm not 

getting something out of it, but certainly for the grade. 
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Others were very specific and mentioned: “I think, for me, it was the same. Um, I worked really 

hard to have a high GPA, I really am motivated by the grades.” All students agreed that grades 

are a motivator and many agreed that it was the strongest or only motivator. Therefore, this helps 

explain why non-STEM students, in general, feel more motivated by controlling factors than 

autonomous ones in the general education mathematics course.  

Getting a Good GPA for Financial Aid, Future Job, and Graduate School. As stated 

before, most students just expressed that the grades were their main motivator. However, some 

other students explain why they wanted to have a high GPA. Reasons included keeping financial 

aid, possibly getting a good job, and possibly getting into graduate school. As they said: “For 

passing and keeping my financial aid and all that fun stuff.” Other students agreed, particularly 

one said: “Yeah! I'm in the same boat. I really enjoy being a humanities major but because of 

that, you do have to get good grades because you probably need to go to grad school or get a 

good job.” It is important to notice that they are not mentioning that they wanted to learn because 

they wanted a good job, to keep financial aid, or get into a graduate school. Had that been the 

case, that type of motivation would have been an integrated one, which is when the behavior is 

fully integrated with their goals and values. In fact, this was the motivation that they reported 

feeling the least. Rather, students are stating that they learned to get good grades, which in turn 

would help them to keep their financial aid and achieve other goals not related to learning math 

per se. Therefore, this also helps explain why students were more motivated by controlling 

regulations than autonomous ones.  

Thus, most students felt that the controlling regulations, mostly external motivators, were 

the strongest (or only) motivators for them. Most of them were not autonomously motivated; 

therefore, they explained that they were more motivated by controlling regulators than 
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autonomous ones because they just wanted to complete a requirement, get a good grade to 

sustain a good GPA, keep a financial aid, have better probabilities to get a good job or get into a 

graduate school.  

Reasons why Females are more Motivated by Controlling Regulations than Males. 

Another significant difference found in phase two is that females are significantly more 

motivated by controlling regulations than males. Again, controlling regulations are external and 

introjected types of extrinsic motivation. That is, females reported (more than males) feeling 

more motivated to learn in the general education mathematics course because they care about 

what others think of them or because they want to gain (or not lose) a reward. Therefore, in 

phase three, students were asked for reasons why they think there is such a difference based on 

sex.  

Students from one focus group had an enlightening conversation about this significant 

difference in motivators between males and females. Females agreed with the female participant 

and then the male disagreed. The short conversation went as follows. First, the female participant 

stated: 

Oh, yeah. Like with grades and stuff, there is a high pressure for students to have a high 

GPA. With a high GPA, you're eligible for scholarships, outside opportunities, etc. So, 

getting a grade does matter a lot. I think it matters just as much as learning, if not more. 

In this statement, she is explaining why she felt more motivated by controlling regulations than 

autonomous ones. All females agreed, but the male participant disagreed. He stated: 

Um, it's kind of weird, but I mean I disagree with that just personally because I've always 

been this way when it comes to taking tests and everything…I don't know. Like I think 
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it's pretty weird because I want to make sure I am learning everything, and then, if I know 

I'm getting everything, then like okay.  

His motivation seems to be less controlled than the females in the focus group, which may 

highlight why males feel significantly less motivated by controlling regulations than females. He 

thinks that learning is more important and that the rest will follow. Moreover, after females had 

already explained the issue about feeling the pressure to prove themselves in a STEM course, he 

stated: 

I am just being a man in the humanities, who like you know, has to take a math class. 

Kind of going back to what you all said, obviously like I wouldn't be able to say, but the 

females in STEM, who knows, maybe there's always something to prove. You know? 

You want to like make sure people recognize you. But I feel like, just me personally, [this 

course] it's no big deal. 

He wanted to make sure that he was not “mansplaining” how they felt, but he brought to the 

conversation what they had previously mentioned about being females who are non-STEM 

majors in a math course. That is, unlike females, he did not feel that external pressure and thus 

was not motivated by introjection (i.e. what others might think of him).  

Notice that males and females did not significantly differ on the autonomous regulation 

levels. That is, males and females felt approximately the same autonomous motivation, which is 

composed of intrinsic, integrated, and identified regulations. Moreover, students, in general, felt 

significantly more motivated by controlling regulations than autonomous ones. The difference 

based on sex consists in that females, in addition to feeling the same amount of autonomous 

regulation as males, felt significantly more motivated by controlling factors. Therefore, females 

felt more motivated to learn than males in this general education mathematics course. However, 
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most of females’ motivation (and significantly more than males) comes from sources that often 

are also sources for math anxiety. Such sources include what others think of them and 

stereotypes in STEM, as explained under the math anxiety section.  

Perceived Utility in the General Education Mathematics Course 

The perceived utility of the course is perhaps the most important concept studied 

throughout the three phases of this study. See figure 23 for a summary of the findings on 

perceived utility from phases one and two. In phase one, it was concluded that most students 

either did not know how they could use what they had learned, or they would not use it because 

it was “impractical”. Therefore, it was concluded in phase one that most students did perceive 

the course to be useless, except for the topic of Voting Systems. In phase two, on average, 

students reported that the perceived utility of the course was between neither useful nor useless 

and slightly useful. The topic Voting Systems was, in fact, the one perceived as the most useful 

topic closely followed by Fair Division. Also, Preference Ballots, Apportionment, and Digraphs 

and Scheduling were considered slightly useful. On the other hand, the topic Sequences was 

considered neither useful nor useless and the topics of Graph Theory, Hamilton Circuits, and 

Spanning Trees were the ones perceived, on average, as useless. Therefore, the course is not 

perceived as useless, on average, by students but it is not perceived as useful either. However, 

significant differences based on student academic majors were found in phase two. These 

differences help in determining which students think of the course as useless and which think of 

the course as useful. In specific, students from education reported significantly lower utility 

scores than students from languages and other social sciences (i.e. History, Sociology, 

International Studies, Anthropology). Particularly, students in education reported that they 

perceived the course to be, on average, useless, while the students from languages and other 
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social sciences reported perceiving the course as useful. This significant difference is what was 

analyzed as part of the focus group interviews (i.e., phase three).  

Figure 23 

Summary of Findings on Perceived Utility from Phases One and Two 

 

Reasons why Students in Education Reported Significantly Lower Levels of Utility 

than Students in Languages and Other Social Sciences. In phase three, students were asked 

for reasons why students in Education reported significantly lower scores in perceived utility 

than students in Languages and other Social Sciences or, equivalently, for reasons why students 

in Languages and Social Sciences reported significantly higher scores in perceived utility than 

students in Education. Students were able to provide some reasons that could partially explain 

their perspectives, as groups of students who have the same academic major. The reasons 

consisted mostly of what they think they will be doing in their respective fields once they 

graduate and get a job or on experiences that they have had as undergraduate students.  

Perspectives of Students in Education Majors. Students in Education who take this 

general education mathematics course are non-STEM education majors. These students who 
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aspire to be teachers thought they would not be using math frequently as part of their jobs, except 

for the grading. For example, they agreed with a student who mentioned the following:  

I want to be a high school English teacher and I think that the only math I'm going to be 

using is for grading. So, maybe if we would have learned something about that that 

would have been nice, but it wasn't useful for me. Nothing against the class. It’s just my 

major.  

So, it seems that these students often felt like the course did not cater to their needs as future 

educators.  

Other education students saw potential in the course but ultimately did not find it useful. 

Education students agreed with a History major who mentioned: 

When we started, I was like ‘Oh, this could be useful’ and then we learned it. Honestly, I 

don't think I’ll use it. I was thinking it would be useful, and the same goes for like some 

other stuff but maybe it goes to show [that it is not useful] that I can't really remember the 

other stuff.  

Similarly, some of these students found potential in some topics, but they attributed their low 

scores in the perceived utility to the impractical applications. For example, a student said:  

The reason I put that [low scores] was because of the real-world examples that apply to 

like voting systems. It's like ‘Oh, a group of friends wants to go to lunch…’ and I was 

thinking like no one's going to pull out the Jefferson voting system like to go to lunch.  

Therefore, the reasons why students in Education reported significantly lower scores in the 

perceived utility of the course are mostly due to the lack of alignment with the math that they 

think they will be using as teachers and the real-world impractical applications provided in the 

course.   
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The Perspective of Students in Languages and Other Social Sciences. On the other 

hand, there were students from languages and social sciences. As mentioned before, these 

students reported on average significantly higher utility scores for the general education 

mathematics course. Although the students who were Language majors in the focus group 

interviews did not provide explanations why students from Languages reported significantly 

higher scores in the perceived utility of the course, there was one student in Sociology, who 

represented the group of students who were Social Sciences majors and did try to explain it. She 

stated: 

To me, it was useful. I do a lot of statistics classes and I liked seeing how the different 

methods of distribution like with voting methods or with the choice and preference 

schedules worked out because, to me, it showed that you can skew statistics in different 

ways. I also thought the content was interesting with the Euler and Hamilton circuits, but 

when the Professor himself was like ‘You guys can use this when you need to figure out 

like how to drop off mail in one neighborhood and not cross a bunch of streets’, I'm not a 

mailman and I won't be. So, there were a couple of times when it felt like a reach to find 

the utility in what we were learning. 

Therefore, it seems like it is not only useful for them but also interesting, unlike for the 

Education students. Indeed, not all applications are going to be useful for them, but her 

remembering the exact application may support the claim that she at least found it interesting.  

Although the two students who were Language majors did not provide their perspective, 

a student from the other focus group offered his perspective about them. He stated:  

I have an idea about that because a lot of people I know that take another language either 

they want to go into politics, which I could kind of see ‘Oh, maybe math might be 
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useful.’, but the more common one is that they want to do like international relations with 

business and stuff like that, which would definitely be math. 

Therefore, it seems that the course might not be useful for languages per se, but useful for what 

students in languages want to do with their degree, which could include specializing in Political 

Sciences or International Relations.  

Thus, while students in Education think that they will not be using the math learned in the 

course for their future profession, students in languages or other social sciences found the course 

to be useful because it either related to other courses they have had in college (like Statistics) or 

they will be explicitly using the topics in the future.  
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CHAPTER 5: CONCLUSION, DISCUSSION, LIMITATIONS, AND IMPLICATIONS 

 This last chapter focuses on four sections, namely the conclusion, discussion, limitations 

of the study, and its implications. First, the research questions are explicitly and concisely 

answered in the conclusion. Second, the findings are discussed. Third, the limitations of each 

phase of this study are presented. Finally, implications of this dissertation are given for 

appropriate audiences, including mathematics high school teachers, mathematics professors, 

mathematics education researchers, and curriculum developers.  

Conclusion 

 The purpose of this dissertation is fourfold: (a) To understand how non-STEM students 

perceive their overall experience in a survey course that uses “contemporary topics” in 

mathematics at a large public university located in the southeast region of the United States, (b) 

to examine how student-related variables are associated to their perceived experience in the 

general education mathematics course, (c) to explain why there are differences based on student-

related variables using their voices, and (d) to identify what motivates students in the general 

education mathematics course. Each purpose from (a) to (c) represents mostly phase one (qual), 

two (QUAN), and three (qual), respectively, whereas purpose (d) is addressed only in phase two. 

To address the purpose of this dissertation, a mixed-methods study with a multiphase exploratory 

sequential design was conducted, which answers the following research questions (RQ): 

1. How do non-STEM undergraduate students from a southeast university perceive the lived 

experience of taking an undergraduate general education course in mathematics primarily 

designed for them?  

2. Are there significant differences in math anxiety, the satisfaction of non-STEM 

undergraduate students’ basic psychological needs, motivation, and perceived utility of 
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an undergraduate general education course in mathematics based on student-related 

variables such as sex, academic major, race/ethnicity, socioeconomic indicators, or the 

last mathematics course that students took in high school?  

3. What reasons do non-STEM undergraduate students provide for the significant 

differences found on math anxiety, satisfaction/frustration of the basic psychological 

needs, motivation, and perceived utility? 

4. What influences an autonomous motivation in non-STEM undergraduate students in a 

general education mathematics course at a southeast university?  

Answer to RQ1 

How do non-STEM undergraduate students from a southeast university perceive the lived 

experience of taking an undergraduate general education course in mathematics primarily 

designed for them? In general, students reported to feel moderately anxious, think that 

mathematics was difficult, and have slightly negative ATM, prior to experiencing being a non-

STEM student taking a general education mathematics college course. According to the students, 

the perceived low difficulty of the course, the positive reinforcement of good grades, lower 

expectations from themselves and others, a greater sense of belonging in the course, and 

perceiving the course to have lower stakes at risk helped them to significantly reduce their math 

anxiety in the general education mathematics course. Also, they reported that their main 

motivators to learn math in the course are external ones such as grades, financial aid, completing 

the requirements of the general education program (GEP), and having better chances to get into 

graduate school and get a good job. Additionally, students reported to perceive the course to be 

between neither useful nor useless and slightly useful. The topic, Voting Systems, was reported 

to be the most useful topic, closely followed by Fair Division. Also, Preference Ballots, 
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Apportionment, and Digraphs and Scheduling were reported to be slightly useful. On the other 

hand, Sequences was reported to be neither useful nor useless and the topics of Graph Theory, 

Hamilton Circuits, and Spanning Trees were reported to be useless. Many students claimed that 

many of the topics had no clear relationship between what they were learning in that course and 

their interests, major, or future careers. Moreover, this seems to impede the transfer of 

knowledge for many of them or, as students mentioned, make the applications impractical. 

Nevertheless, in terms of the basic psychological needs, students reported feeling competent due 

to the low difficulty of the course. However, they reported not feeling autonomous or related to 

others in the course. On one hand, students reported not feeling autonomous in terms of the 

content of the course or how it was going to be evaluated. On the other hand, they reported 

feeling autonomous in terms of their pacing. That is, on average, students reported feeling 

willingness and volition concerning their behaviors in their pacing but not to what they were 

learning. The need for relatedness was not satisfied either. Although students reported feeling 

like they belonged in the course only because they were mostly non-STEM students, most of 

them expressed that they did not have opportunities to get to connect with others. Therefore, not 

feeling related to others. 

Therefore, the phenomenon of being a non-STEM student in a general education 

mathematics course is perceived on average as easy but not useful, an experience where they feel 

competent but motivated mostly by controlling regulations rather than autonomous ones, where 

they feel only slightly anxious but mostly due to evaluations rather than learning math, and 

where they are significantly less anxious than in their last math course in high school but where 

they do not feel autonomous or related to others. 
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Answer to RQ2 

Are there significant differences in math anxiety, the satisfaction of non-STEM 

undergraduate students’ basic psychological needs, motivation, and perceived utility of an 

undergraduate general education course in mathematics based on student-related variables such 

as sex, academic major, race/ethnicity, socioeconomic indicators, or the last mathematics course 

that students took in high school? With the five student-related variables and eight subscales, 40 

research questions were tested to answer this overarching question. However, the short answer to 

this research question is “Yes!” All the means of scales or subscales used varied significantly 

based on at least one student-related variable. In particular, their mathematics anxiety, 

satisfaction/frustration of the basic psychological needs, motivation, and perceived utility in the 

undergraduate general education course in mathematics did not vary based on race/ethnicity or 

socioeconomic indicators. Therefore, I summarize here only the ones that yielded significant 

results. 

Do students’ math anxiety levels significantly vary by sex, academic major, 

race/ethnicity, socioeconomic indicators, or the last mathematics course that students took 

in high school? Yes. Students’ levels of math anxiety varied significantly based on sex. 

Particularly, females reported feeling more anxious about learning math than males. In fact, on 

average, males reported not feeling anxious about learning math in the general education course 

in mathematics, but females reported feeling slightly anxious about learning math in the course.  

Does students’ satisfaction/frustration of the basic psychological needs in the 

undergraduate general education course in mathematics significantly differ based on sex, 

academic major, race/ethnicity, socioeconomic indicators, or the last mathematics course 

that students took in high school? Yes. On average, students reported that the need for 
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autonomy was not satisfied and this report did not significantly vary based on any of the student-

related variables tested. On average, students reported that the need for relatedness was not 

satisfied either, but it varied significantly based on sex. Specifically, females reported 

significantly higher levels of relatedness than males. Finally, on average, the reports indicated 

that the need for competence was satisfied and it varied both based on the last mathematics 

course that students took in high school and on sex. Specifically, students who took calculus and 

students who took statistics as their last mathematics course in high school reported on average 

significantly higher perceived competence than students who took pre-calculus as their last 

mathematics course in high school. Moreover, females reported significantly higher levels of 

perceived competence than males.  

Does students’ motivation significantly vary by sex, academic major, race/ethnicity, 

socioeconomic indicators, or the last mathematics course that students took in high school? 

Yes. Students’ motivation significantly varied based on sex. In specific, females reported feeling 

more motivated by controlling regulations (i.e., external and introjected regulations) than males. 

However, their reports on autonomous motivation did not differ significantly. Therefore, overall, 

females reported being more motivated than males, but the significant difference lies in that 

females reported feeling more motivated by what others think of them (e.g. stereotypes) and to 

attain certain rewards or avoid certain punishments (e.g. grades, financial aid).   

Does students’ perceived utility of the course vary by sex, academic major, 

race/ethnicity, socioeconomic indicators, or the last mathematics course that students took 

in high school? Yes. Students’ perceived utility of the course significantly varied by academic 

major. Specifically, students from education reported significantly lower utility scores for the 

course than students from languages and other social sciences (i.e. History, Sociology, 
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International Studies, Anthropology). While education and communication students, on average, 

perceive the course to be slightly useless, students from the other academic majors perceive the 

course to be slightly useful. 

Answer to RQ3 

 What reasons do non-STEM undergraduate students provide for the significant 

differences found on math anxiety, motivation, perceived utility, and satisfaction/frustration of 

the basic psychological needs? Students did provide explanations for most of the significant 

differences found for the previous research question. First, students explained that they felt less 

anxious in the general education mathematics course than in the last mathematics course taken in 

high school because of at least one of the following reasons: (a) The delivery of the course was 

remote and asynchronous; (b) Feeling prepared and finding the course to have a lower difficulty; 

(c) holding lower expectations for themselves, and perceiving lower expectations from other 

students, and professors; (d) feeling a greater sense of belonging in the course; and (e) perceiving 

the college course to have lower stakes.  

Second, females explained that they reported feeling more anxious about learning math 

than males because society holds a negative stereotype about females in STEM disciplines and 

they feel like they need to constantly prove themselves. Students provided these two same 

reasons for why females are more motivated by controlling regulations than males.  

Third, Education students, who reported on average that the course was useless, 

explained that they will not be using the math learned in the course for their future profession 

and that they will be using math only for grading. On the other hand, students explained that 

students in languages or other social sciences found the course to be useful because it either 
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related to other courses they have had in college (like Statistics) or they will be explicitly using 

the topics in the future.  

Fourth, females felt more related to others than males because they sought interactions 

more often by participating in the discussion forum and/or creating group chats and benefiting 

from them, while males seem not to value or seek these interactions as much as females. Fifth, 

females reported higher levels of perceived competence because, according to them, females 

tend to be more academically oriented and have more external motivators than males. These are 

the reasons that students provided for the significant differences found, all of which are more 

deeply explained in the results section.  

Answer to RQ4 

What influences an autonomous motivation in non-STEM students in a general education 

mathematics course at a southeast university? Controlling for sex, academic major, 

socioeconomic indicators, race/ethnicity, and the last mathematics course that students took in 

high school, the needs of autonomy, competence, and relatedness individually, and the perceived 

utility of the course positively influence an autonomous regulation. That is, individually, each of 

them have a significant and positive effect on autonomous motivation. When the needs for 

autonomy, competence, and relatedness were all included in a multiple regression model, only 

the need for autonomy significantly predicted the autonomous regulations. Therefore, the need 

for autonomy may be the strongest one of the three in promoting an optimal type of motivation. 

However, the perceived utility of the course mediated the relationship between each of the BPNs 

and an autonomous regulation. Hence, rather than a direct causal relationship between the three 

BPNs and autonomous regulations, this mediation model proposes that the BPNs positively 

influence the perceived utility of the course, which in turn positively influences the autonomous 
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regulations on these non-STEM students in the general education mathematics course. Thus, the 

perceived utility of the course is the strongest predictor in this context of an optimal motivation 

for non-STEM students in the general education mathematic course.  

Summary of Conclusions 

 Data from all three phases have been integrated throughout this study. First, the results 

from the first phase informed the development of the survey. This is the most important part of 

data integration in mixed-methods studies with exploratory sequential designs. However, the 

data integration also occurred in the third phase as it considered the results from phase two and 

use students’ voices to explain the significant differences found.  

One of the best strategies to integrate the data is by using tables or figures. Therefore, 

figures 24, 25, and 26 summarize the findings. Figure 24 summarizes the findings related to 

students’ experiences in high school. Figure 25 summarizes students’ perceptions and 

experiences of math anxiety, BPNs, motivation, and perceived utility of the general education 

mathematics course as well as the reasons they provided for the significant differences found. 

Finally, figure 26 illustrates the mediating role of the perceived utility on the relationship 

between each BPN and autonomous regulations in these non-STEM students in the general 

education mathematics course.



141 

 

 

Figure 24 

Summary of the Findings of High School Math from Phases One, Two, and Three 
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Figure 25 

Summary of Findings About Students in the General Education Mathematics Course
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Figure 26 

Diagram of the Mediating Role of Non-STEM Students’ Perceived Utility of the General 

Education Mathematics Course 

 

Discussion 

 In this section, I explain how the findings relate to what is already known in the field. 

However, I have already stated that there is not much known about non-STEM students in 

general education mathematics courses. Therefore, I will often be comparing the results to other 

results about the general population of undergraduate students.  

Math Anxiety 

 According to Blazer (2011), approximately 93% of U.S. citizens indicate that they 

experience some level of math anxiety. Moreover, Ashcraft and Moore (2009) estimated that, if a 

normal distribution is followed, approximately 17% of people would feel high levels of math 

anxiety. More specifically, social sciences students such as languages, history, and geography 
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have reported significantly more math anxiety than students from other academic majors (Gürefe 

& Bakalim, 2018). Furthermore, according to Luttenberger, Wimmer, and Paechter (2018), 

females almost always report feeling higher levels of math anxiety than males, and specifically 

more math test anxiety than men. 

 According to the summary of the literature provided, one would expect that these non-

STEM general education students would feel math anxiety and that, specifically, females would 

feel more math anxiety than males both in general and in math tests. Results from this 

dissertation are somewhat inconsistent with the literature. First, although it was expected that 

these students would have moderate math anxiety, this was only true in the last mathematics 

course that they took in high school, not in the general education mathematics course. In the 

general education mathematics course, students reported being only slightly anxious, close to 

reporting no anxiety. Second, according to the literature, females were expected to report 

significantly more mathematics evaluation anxiety, but these non-STEM students did not 

significantly differ on their reports about evaluation anxiety in the general education 

mathematics course. On the other hand, there was consistency in that females did report feeling 

more anxious than males overall. However, their difference consisted in that females reported 

significantly more anxiety about learning math.  

These inconsistencies are not unique in the literature. In fact, Pourmoslemi, Erfani, and 

Firoozfar, (2013) reported very similar results for 275 undergraduate students who took a general 

mathematics course in Iran. Their sample differed from mine because most of their students were 

STEM majors. However, the results were very similar in that the students reported low learning 

math anxiety and significantly higher mathematics evaluation anxiety. They also reported that 

females reported significantly higher scores for overall math anxiety, like the findings from this 
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dissertation. However, they reported that they did not differ significantly on the subscales for 

math evaluation anxiety or learning math anxiety. 

Now, reasons for why females felt more anxious about learning math than males in the 

general education mathematics course included that society in the United States holds a negative 

stereotype about females in STEM disciplines and that females feel like they need to constantly 

prove themselves. Perhaps, this is a cultural difference. In fact, there was no significant 

difference in learning math anxiety found in Pourmoslemi et al. (2013) study based on sex. As 

mentioned before, their sample consisted of Iranian students. Interestingly, in Iran, 

approximately 70% of science and engineering undergraduate students are women (Financial 

Tribute Daily and Contributors, 2016). In fact, in 2016, Iranian female enrollment ranked first in 

the world in the engineering fields. Therefore, cultural differences may be the reason why there 

was a significant difference found in this dissertation but not in their study in Iran.  

In general, it seems that non-STEM students tend to report higher levels of math anxiety 

than the reported by the sample of this study. As explained before, participants from this study 

reported low levels of math anxiety in the general education mathematics course, which may be 

due to the following reasons provided by the students: (a) The delivery of the course was remote 

and asynchronous; (b) the course had a low difficulty; (c) student had lower expectations for 

themselves, from other students, and professors; and (d) students felt a greater sense of belonging 

in the course because they all were non-STEM majors. These possible differences between this 

general education course and others that have been studied in the literature may be key in 

explaining the different results in math anxiety for these non-STEM students.  



146 

 

 

Basic Psychological Needs 

Given that the general education mathematics course is advertised as a course for non-

STEM students, it was expected that their basic psychological needs would be at least slightly 

satisfied. However, this was not the case. The non-STEM students in the general education 

mathematics course satisfied their need for competence, but they satisfied neither their need for 

autonomy nor their need for relatedness.  

In the literature, there is no consensus on how satisfied (or frustrated) the BPNs are for 

students in mathematics courses. Since the satisfaction of BPNs depend greatly on the context 

and are dynamic, they can be volatile. Ryan and Deci (2017) further explain that having support 

for autonomy could play a crucial role in allowing students to satisfy their BPNs. In this study, 

students only satisfied their need for competence. Had they satisfied their need for autonomy, 

perhaps they would have satisfied their need for relatedness too. Therefore, the failure to satisfy 

students’ need for autonomy might have been key in this context.  

Although no studies about non-STEM students’ BPNs in a mathematics course were 

found, Vandenkerckhove et al. (2019) conducted a study with 82 high school participants that 

included data about the BPNs. They did not find significant differences on  BPNs based on 

gender in a math and language context. On the other hand, I did find gender differences in this 

study with slightly fewer participants. As we discussed earlier, females reported significantly 

higher satisfaction of the need for competence and relatedness than males. In particular, males 

reported the need for relatedness to be frustrated.  

The unprecedented COVID-19 context may explain the frustration or failure to satisfy the 

needs for autonomy and relatedness. Specifically, the transition to remote and online learning 

may have not provided professors enough time to appropriately implement need-supportive 
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teaching. Need-supportive contexts enhance intrinsic motivation, internalization, and 

engagement, resulting in enhanced emotional well-being and cognitive growth, whereas 

controlling contexts rarely do (Ryan & Deci, 2019). As Leenknecht et al. (2017) explain, 

professors should provide and demonstrate autonomy support, structure, and involvement. 

Although the structure was there, it has been discussed that there was close to no autonomy 

support and involvement.  

Motivation 

Both theoretically and empirically, BPNs and different types of motivations are related. 

However, motivation in mathematics education has been much more studied. It is known that 

motivation is positively correlated to engagement and achievement (Ma, 1997), which are 

indicators of learning. More specifically, except for some Asian countries, the more autonomous 

the motivation is, the better students’ achievement is (Lee & Kim, 2014). This means that 

students tend to learn more as they are more autonomously motivated. However, there is a 

noticeable trend in which students tend to lose motivation across the school grades (Mata, 

Monteiro & Peixoto, 2012). Specifically, a meta-analysis on cross-national patterns of gender 

differences in mathematics found that males are more intrinsically and extrinsically motivated 

than females (Else-Quest et al., 2010). Nevertheless, it is known that motivation is malleable 

(Middleton et al., 2017) and could change positively both in a specific moment or across a longer 

period of time. Although this provides valuable background in which one could compare the 

results of this dissertation, it is important to report that various searches in different search 

engines and databases yielded no articles on non-STEM students’ motivation in general 

education mathematics courses.  
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Based on the literature and the existing patterns on motivation, it was expected that non-

STEM students would be, on average, only slightly motivated to learn in the general education 

mathematics course. This was not necessarily true. These students did feel motivated to learn, 

but their motivation was mostly external and introjected. That is, rather than an autonomous 

motivation where the motives are more internal, integrated, or intrinsic, the motivation that 

students mostly felt was a controlled one. Factors such as grades and their consequences, and 

financial aid and its consequences were controlling their regulation for learning. While grades 

and financial aid are motivators for most undergraduate students, what is particularly interesting 

for these non-STEM students is that they tend to not integrate the value of the course with their 

other values. That is, most of them did not perceive a relationship between the general education 

mathematics course and their personal goals. Therefore, they did not report feeling very 

motivated by integration.  

Contrary to what the literature suggests, there were no significant differences based on 

autonomous motivation. That is, males did not report significantly higher levels of autonomous 

motivation than females. Additionally, females reported more controlling motivators to learn 

mathematics than males in this general education mathematics course. Therefore, overall, 

females reported feeling more motivated to learn than males, unlike most cross-national studies. 

However, their additional motivation is external and introjected. Unfortunately, most studies do 

not consider different types of extrinsic motivation, which does not allow a deeper analysis or 

comparison of these results. However, the reasons females provided for being more motivated by 

controlling factors than males are mostly based on the stereotype threat, which is greatly 

documented by Steele et al. (2007). These pervasive stereotypes seem to have been a source of 
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math anxiety but also a source of motivation for most females to learn math and prove people 

wrong in the general education mathematics course.  

Perceived Utility 

Chouinard and Roy (2008) conducted a longitudinal study where they measured students’ 

beliefs in the utility value of mathematics for three years. The utility value refers to students’ 

interest in the tasks and in the utility ascribed to the mathematics domain. They found that 

students’ beliefs in the utility value of mathematics decreased significantly between seventh and 

eleventh grades but especially during high school. Interestingly, most of the decrease occurred 

within-year. That is, students’ perceptions of the utility value of mathematics tended to drop 

sharply over the academic year, then it would increase slightly during summer and then drop 

again over the next academic year like in a repeating cycle. Based of this pattern, one would 

expect non-STEM students in the general education mathematics course to follow the cyclical 

pattern described above and report low levels of perceived utility. On the other hand, one would 

expect reports of higher levels of perceived utility given that the course was specifically designed 

for non-STEM students. Thus, there was not a specific expectation from the non-STEM students 

in the general education mathematics course. 

The participants of this study did report very low levels of perceived utility of the general 

education mathematics course. In the literature review, it was expressed that students who feel 

that the mathematical tasks are not useful or important will very likely put less effort into the 

task and, therefore, obtain a lower score. If we consider scores to measure learning, then we can 

say that students who think that the mathematical tasks are useful and important will very likely 

exert more effort and learn more.  
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As it was discussed before, students from languages and other social sciences did report 

significantly higher perceived utility scores than students from education. Therefore, these 

students who reported higher perceived utility scores are expected to make more effort and learn 

more in the general education mathematics course. As students from education mentioned, they 

think that they would only need math for grading and perceived the course to be slightly useless. 

Therefore, it would be expected that they did not make much of an effort in the course; thus, 

learning less.  

The Relationship Between the BPNs, Motivation, and Perceived Utility  

The discussion has focused on each concept separately. However, the BPNs and 

motivation are related both theoretically and empirically. For example, Ryan and Deci (2017) 

explain that strong extrinsic goals tend to be a result of the thwarting of basic needs for 

autonomy and relatedness. Interestingly, this is exactly what this study found. Non-STEM 

students in the general education mathematics course did not satisfy their need for autonomy or 

relatedness and did report strong extrinsic motivators rather than autonomous ones. On the other 

hand, these psychologists explain that the development of strong intrinsic or internalized goals 

tends to result from the satisfaction of all three of these needs, autonomy, competence, and 

relatedness. Unfortunately, the participants in this study did not satisfy the three needs. Had they 

satisfied these needs, they might have been more autonomously regulated.  

Ryan and Deci (2009) have also stated and evidenced that the satisfaction of the BPNs 

for autonomy, competence, and relatedness facilitates the internalization of motivation and, 

consequently, students’ engagement, achievement, and adjustment (Ryan & Deci, 2009). 

Conversely, failure to satisfy any of the BPNs will result in diminished growth, engagement, and 

autonomous motivation. Specifically, studies that focus on education found that the satisfaction 
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of the BPNs predict autonomous motivation (Reeve & Sickenius, 1994; Standage, Gillison, 

Ntoumanis, & Treasure, 2012). In particular, Vandenkerckhove et al. (2019) is an example of 

such relationships in students in mathematics. Consistent with these studies, it was found in this 

dissertation that the satisfaction of the BPNs did positively influence an autonomous regulation. 

Therefore, the relationship between the satisfaction of the BPNs and autonomous motivation was 

verified in this dissertation. That is, the relationship seems to hold with non-STEM students in 

general education mathematics courses.  

Interestingly, Ryan and Deci (2009) explain that no need is more important than the 

others because any need can take the lead when it comes to the association between the BPNs 

and a wellness outcome. In the case of these non-STEM students in the general education 

mathematics course, the BPN of autonomy took the lead in the multiple linear regression. 

However, none of the needs were as strong a predictor of autonomous motivation as was the 

perceived utility of the course.  

Perhaps the most or one of the most important findings of this dissertation is the fact that 

not only was the perceived utility of the course a stronger predictor of autonomous regulation 

than the BPNs, but it also mediated the relationship between the needs and autonomous 

regulations. That is, the satisfaction of the BPNs, which are important for everyone in any social 

context, did not predict non-STEM students’ autonomous motivation in the general education 

mathematics course as well as students’ perceived utility of the course. Moreover, the mediation 

results propose that each of the BPNs influence positively students’ perceived utility of the 

course, which in turn influences the autonomous motivation; thus, explaining the relationship 

that exists between the BPNs and autonomous motivation in these non-STEM students in the 
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general education mathematics course. Hence, utility is key for these students in mathematics 

courses.  

Limitations 

 As with any study, there are limitations. Since there are three phases of data collection 

and analysis, I will explain the limitations of each phase. However, one limitation that is the 

same for each phase is that all students who participated were self-selected volunteers. 

Therefore, they are not considered a random sample, which would have had better probabilities 

of being the best representation for the population.  

Additionally, the dissertation study was intended to be conducted with courses that were 

taught using an in-person format. However, the COVID-19 pandemic arose after phase one was 

completed. Therefore, the participants from phase one experienced the course with an in-person 

format, while students from phases two and three experienced the course as an online and 

asynchronous course. Thus, there might be parts of the essence of being a non-STEM student in 

a general education mathematics course in an online format that this study did not considered.  

Limitations of Phase One 

The first phase of this dissertation is a small phenomenological study. In this study, only 

three participants were interviewed. They all were enrolled in the same university and the same 

general education course in mathematics. This first phase of this study could be described as a 

small hermeneutical phenomenological study. It is hermeneutical because the experiences may 

change from one context to another, making the essence of this experience not transcendental. 

Also, the interpretation of the researcher is crucial in these cases (van Manen, 1990). It is a small 

study because, although accepted, three interviewees are the least number of participants needed 

for a phenomenological study (Creswell & Poth, 2017). This may create a representation issue. 
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However, to overcome that limitation, I developed and conducted the second phase of this 

dissertation study.   

Limitation of Phase Two  

The second phase of this dissertation consisted of the development of a survey based on 

phase one and its quantitative analyses. One limitation of this second phase is that it relies on 

self-reported data. However, there is no other way to measure many of the psychological 

concepts considered as dependent variables in this study. Additionally, the total number of 

participants was 79, but not all of them answered each item, making some statistical tests have a 

number of participants less than 79. As it was analyzed before, I would have needed 

approximately 150 participants to find even the significant results with small effect sizes. Having 

only 79 participants allowed me to mostly find significant results of medium and large effect 

sizes. However, this implies that the results presented in this dissertation are strong and very 

likely to be replicated if someone selected another sample from the population of this study. 

Finally, generalizability cannot be made beyond the context of this study as no students from 

different universities were considered.  

Limitation of Phase Three 

The third phase of this dissertation consisted of focus group interviews. The purpose of 

creating focus group interviews was to understand why groups of students differ on their reports 

based on student-level variables. However, only one male volunteered. Although females, as a 

group, were able to provide reasons for why they differed with males in many of the significant 

results, having only one male participant may be a representation issue for the males as a group. 

However, he did provide rich information about males as a group that was consistent with the 

quantitative results.   
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Implications  

Given that this study explored a scarcely studied phenomenon, there are several 

implications. Therefore, the implications are stated for high school teachers, instructors of 

general education mathematics courses, curriculum developers, policy makers, and research in 

mathematics education. 

Implications for High School Teachers 

 Although the findings related to high school mathematics did not answer a specific 

research question, they provided a background that helped in understanding students’ 

experiences in the general education mathematics course. Specifically, students who are non-

STEM majors seemed to have pervasive math anxiety in the last mathematics course that they 

took in high school. While it is, in part, teachers’ responsibilities to get students ready for 

mathematics at the undergraduate level, they should be aware of the environment that they 

consciously and unconsciously create in the classroom as well as contexts outside of the 

classroom that may affect students’ affective components toward math. Let us not forget that 

students are already under a lot of stress given that their lives are going to change in unexpected 

ways for them and that the AP courses are high stake courses for them. On top of that, non-

STEM students have many other sources of anxiety. 

For example, non-STEM students felt that they did not belong in AP courses because the 

community in the AP course seemed to be too STEM-oriented. As a teacher, one must consider 

students’ interests and understand that they vary. As it is traditionally known, AP math courses 

are mostly focused on future STEM students. However, knowing how future non-STEM students 

feel, teachers should include, when possible, applications to non-STEM fields to engage those 

students in specific and make them feel more as part of the community. For example, an 
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optimization problem in calculus may be very specific to a science, but one may engage students 

in a discussion about what such a finding could optimize in the present, how that would affect 

the environment, what policies could be created, or how would history in the future portray us as 

people who had the tools and did or did not use them. They could even be rhetorical questions if 

there is not enough time. What may be most important is to activate students’ metacognition and 

make students feel related, cared for, and seen.   

Females who will be non-STEM students in college seem to require more attention when 

it comes to math anxiety. The intersectionality of being a female and future non-STEM major 

often makes them feel left out in the community of AP math courses. Also, they often think that 

they are not good at math, that there is almost no representation of them, and that they are in an 

“uphill battle” in a field that is “historically male-dominated.” Therefore, teachers should 

promote a growth mindset in all their students to continue to eradicate stereotypes and bring 

different representations to the classroom of females in STEM and non-STEM fields that have 

used math to advance their respective fields. The representations could be female artists who 

used geometry in their famous paintings, a female politician who used statistics to bring attention 

to social injustice, etc.  

Therefore, teachers should: 

a) Make a continuous effort to engage all students, including students who are not going to 

be STEM majors in college, 

b) Make them feel like part of the subculture that is created in AP math courses, 

c) Promote a growth mindset, 

d) They should also pay special attention to females who are not going to be STEM majors, 
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e) Provide applications or discussions that cater to different types of students so that all their 

interests are catered for, 

f) Include representation in discussions, posters, presentations, or videos for females who 

are in non-STEM fields but who have used math for good.  

Implications for Instructors of General Education Mathematics Courses 

 There is much from this dissertation that instructors of general education mathematics 

courses can use to improve non-STEM students’ experiences in their courses. One of the first 

things that instructors may consider is the difficulty of the course. If they perceive that the high 

difficulty of the course (not the case in this study) is a source of math anxiety for their students, 

instructors can focus on providing more support and find more interesting/fun ways for learning. 

Note that students’ levels of anxiety in this dissertation study were significantly reduced in this 

general education mathematics course mostly to its lower difficulty. It is known that math 

anxiety can limit cognition temporarily and hinder the learning process. Now, the low difficulty 

of the general education course is one of the main factors that helped these students overcome 

math anxiety. Therefore, instructors of other general education mathematics courses can add 

different types of support such like external videos and additional activities to reduce the 

perceived difficulty (not the actual difficulty). Particularly, it seems that perceiving the course to 

have a lower difficulty in general but also having challenging tasks in which students can be 

successful might be the best balance for these students who are not STEM majors. 

 Although being an asynchronous and remote course has its benefits, the course can 

definitely improve when it comes to satisfying students’ need for relatedness. The need for 

relatedness is a very important need as the overall context and student behaviors may look very 

different according to whether this need is satisfied or frustrated. Students need to feel like they 
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are part of a community of learners where they have opportunities to care for others and to be 

cared for by others. As it has been seen, one of the instructors was able to better satisfy the need 

for relatedness of his students by only providing a short weekly questionnaire with simple 

questions (e.g. What will you do this weekend? What is your favorite color?). On the other hand, 

as one student mentioned, the other section was “dead silent.” Simple things can be done to 

foster relatedness. For example, instructors can have students turn in assignments in small groups 

with clearly instructed roles and workload, encourage group discussions and student-student 

feedback, etc. Although the course is asynchronous, instructors may have one compulsory 

meeting every 𝑥 amount of time. To illustrate this, in the focus group interviews, students were 

able to connect within less than one hour. They were even able to exchange some information 

about them and expressed that they would have loved to know them when they were taking the 

course. Given that they never saw each other, they did not have these types of interactions or 

opportunities to engage in a similar behavior that would satisfy their need for relatedness.  

 The need for autonomy is as essential in promoting an optimal motivation as is the need 

for relatedness and the need for competence. Non-STEM students did not feel autonomous 

either. However, simple changes can be made to start satisfying this need. For example, having 

options to choose from is an important part of feeling autonomous. As students mentioned, the 

course was already structured since the beginning and they did not have a say on anything. To 

remediate this, instructors may allow students to choose their partners for the assignments, to 

select one assignment to do from two options, to vote for the last topic to be discussed in the 

course, etc.  

In terms of motivation, the integrated motivation was the one that non-STEM students 

reported feeling the least. This type of motivation is one in which students learn math because 
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they value learning math and because learning it is congruent with other values and needs of the 

self. For non-STEM undergraduate students, what may be the best kind of motivators are those 

that are perceived as integrated and identified regulators, which are considered extrinsic 

motivators in Ryan and Deci’s continuum but are internal and autonomous. That is, intrinsic 

motivation is desired, but I (personally) would not want non-STEM students to do mathematics 

only because they inherently enjoy doing mathematics. I would prefer them to understand its 

importance, why they need it, how they can use it, and how they can relate mathematical 

reasoning in other contexts. I would like them to transfer that knowledge in a way that is useful 

and meaningful for them. As mentioned earlier, this is not happening with most non-STEM 

students in the general education mathematics course.  

As it has been shown, the perceived utility and autonomous regulations go hand in hand. 

Therefore, instructors can work on making the course more useful for students and, 

subsequently, nourishing a more autonomous motivation in students. Unlike several of the other 

suggestions, this is not an easy fix. Importantly, instructors need to acknowledge that they may 

easily have students from 12 different programs in a single section. Thus, one must be careful 

when considering the applications. It is not recommended to use very general examples 

supposedly useful for everyone, which end up being very impractical as per students’ 

explanations. What I would recommend is to include applications relevant to each academic 

major through individualized assignments. This can be an arduous job, a reason why an 

interdisciplinary group of professionals should join to work on such a project. 

Now, one problem might be that they do not feel very autonomously motivated. Another 

problem is that they feel strong controlling motivators. As it is known, learning can be assessed 

in many ways. The fact that the course evaluates 90% of students’ grades is too stressful for most 
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students and it tends to change the focus from learning to getting a good grade. Instructors can 

diversify their evaluations by using assignments, group projects, participation in online 

discussions, and group presentations. Moreover, all this can be individualized. That is, each 

group may select a mathematical topic that aligns with their academic major, each project should 

use the math concepts learned to a small problem in their respective fields, etc. In turn, this 

would promote relatedness, autonomy, and higher perceived utility of the course. Something to 

be aware of is that these new assessments do not contribute to math anxiety. 

Therefore, some implications for instructors of general education mathematics courses 

may include: 

1. Adding support and other relatable activities that may help students reduce the 

perceived difficulty (not rigor) of the course if students are moderately anxious. 

2. Inserting opportunities for students to connect and be responsive to others so that they 

satisfy their need for relatedness. This is important in any context, but it might be an 

especially overlooked need in courses that are delivered remotely and 

asynchronously.  

3. Adding more activities and assessments (other than exams) in which students can feel 

in control of the learning process, see its relation to them, and, at the same time, feel 

that it is challenging. Those activities promote students’ autonomy, which is required 

for their cognitive development, transfer of knowledge, and optimal motivation, while 

also providing opportunities to satisfy their need for relatedness and increase the 

perceived utility of the course.  
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4. Relaxing the structure of the course to accommodate students’ interests. Particularly, 

make sure to acknowledge that students should be active agents in their learning 

process, and foster their autonomy by giving them options to choose from.   

5. Providing more practical applications in the videos. For example, making a decision 

matrix to decide where to eat is not practical. Making a decision matrix to decide 

which graduate schools one is going to apply to, where to move, what job to accept, 

what topic to investigate, and the like, are worthwhile and relevant.  

6. Make instruction more individualized through assignments to increase the perceived 

utility of the course. 

Implications for Curricula Developers 

 There are many positive things to say about the curriculum of the course. In fact, I have 

also conducted a content analysis that is not included in this dissertation. In that analysis, I 

concluded that one of the excellent characteristics of the curriculum is its organization. This 

curriculum is very consistent and organized throughout all the curricular materials. Some topics 

are intertwined, and some topics are not. Those which are intertwined with each other follow a 

coherent progression. For example, chapter one, preference ballots, presents different methods to 

decide who the winner is in one election in which each voter lists all the candidates in order of 

preference. This chapter is intertwined with chapter two, weighted voting systems, in which each 

voter may have now different amounts (or weights) in their votes. Moreover, the level of 

sophistication and rigor slightly increases from chapter one to chapter two. For example, in the 

first chapter, most of the methods consist of counting and multiplying, whereas the methods in 

the second chapter focus more on ratios. This is considered a logical progression. Similarly, 

other chapters are intertwined and follow a logical progression that increases in the level of 
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sophistication and rigor. Additionally, tests and quizzes reflect this pattern in the logical 

progression of the overall curriculum. That is, there is one test aligned to one couple of related 

chapters, and a test for the chapter that is not intrinsically related to the other topics. Hence, it is 

concluded that this curriculum meets all the criteria for the element of organization.  

However, this curriculum does not seem to promote identified or integrated regulation. 

That is, students may only regulate their behavior because of external factors and not because 

they understand that what they are learning is important or beneficial to them. Again, this 

conclusion is supported by students’ opinions and the content analysis. As explained by students, 

their strongest and, for some, only motivation is the grade, which is a purely extrinsic motivator. 

Therefore, comments from students, such as: “I don’t think I’ll use anything to be completely 

honest. Once I’m out of this class, I’ll keep the notebook and not think about it again” suggest 

that substantial changes in the curriculum need to be done, as it is not effectively aligned to its 

goal and the goals or interests of the targeted population. 

 Since the mediation analysis indicated that the perceived utility of the course is the most 

important variable (from the ones considered) in promoting autonomous motivation, the 

curriculum should pay special attention to its utility. Since the course was perceived in general as 

neither useful nor useless and slightly useful, it is concluded that the curriculum must be 

optimized. Some suggestions based on the results of this dissertation are provided below: 

1. Students from education, communications, and criminology reported the lowest scores on 

the perceived utility of the course. Instructors should add practical applications that cater 

to these students’ interests.  

2. The topics of Graph Theory, Hamilton Circuits, and Spanning Trees must be analyzed 

thoroughly. Specifically, important and clear applications to different non-STEM fields 
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should be provided. Otherwise, these topics could be substituted with more applicable 

ones in the non-STEM fields like topics in Statistics (e.g., descriptive statistics, basics of 

inferential statistics, or statistical reasoning).  

3. Collaborate with non-STEM professors to create a bank of individualized assignments 

categorized by academic majors. That way, each student can have an individualized 

learning experience.  

4. The evaluation of the course must change to a more versatile one. Tests should not weigh 

90% of the grade of the course as it increases the evaluation anxiety and does not provide 

other metrics of evaluation for students with diverse abilities. 

5. Student engagement should be a focus in the different aspects of the curriculum, 

especially in Moodle and the videos. As explained before, students are very passive in 

this asynchronous course. 

6. The use of technology should be critical to facilitate calculations and allow students to 

focus on reasoning and problem solving in a course that claims to teach contemporary 

topics in mathematics. 

7. Adding the use of technology to this course requires balancing the teaching approaches, 

changing the focus on procedures to conceptual understanding, mathematical reasoning, 

and applications. 

Implications for Mathematics Education Researchers 

 There is not enough literature about non-STEM undergraduate students in general 

education mathematics courses. More attention needs to be given to these students and these 

courses as their experiences can greatly improve. As it has been stated, there were close to no 
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studies related to non-STEM students’ math anxiety, motivation, the satisfaction/frustration of 

the BPNs, and/or the perceived utility of general education mathematics courses.  

 Mathematics educators who conduct quantitative research on math anxiety and 

motivation should consider subscales. Specifically, different types of extrinsic motivation vary 

greatly on the locus of causality from very external to very internal. Thus, they should not be 

considered all the same sources of motivation. Not distinguishing between different types of 

extrinsic motivation could yield unreliable results. Similarly, not considering sources of anxiety 

could make a researcher attribute other types of anxiety to math anxiety and get unreliable results 

too.  

 There are many research questions that researchers can continue to work on. Some of 

them include: 

1. What are useful and interesting topics for a diverse group of non-STEM 

undergraduate students? 

2. What are common applications of mathematics and/or mathematical reasoning that 

professionals in non-STEM fields use?  

3. After analyzing the perceived utility of general education mathematics course in 

different universities, one could address the following research question: How 

effective is the curriculum of the mathematics course taken by students who reported 

higher levels of perceived utility in addressing the recommendations of the NRC 

(2004) on engagement, timeliness and support for diversity, and assessment? 

4. What characteristics do sources of math anxiety and controlling types of motivators 

share? 
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5. Do external sources of motivation, which are also sources of anxiety, influence 

females’ perceived competence? 

Specifically, I would like to secure funding to create a curriculum that integrates non-

STEM fields into a general education mathematics course with the help of an interdisciplinary 

group of researchers. Then, conduct research implementing the new curriculum to evaluate the 

change in math anxiety, motivation, the satisfaction/frustration of the BPNs, and the perceived 

utility of the course. Finally, if it seems to work positively for students’ cognition and 

achievement, I would optimize the curriculum constantly. The final product would be a 

curriculum (book, videos, integrated tasks, and in-the-field projects) for the marginalized 

undergraduate students in mathematics, where they can become mathematically literate, and 

have an individualized experience that is more profitable for them.  
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Appendix A 

Semi-Structured Interview Protocol 

Before audio-recording 

1. Introduce myself. 

2. Thank him or her for being here. Ask how they feel today. 

3. Ask them to select a pseudonym. 

4. Remind them their rights to stop the interview, to not answer a particular question, and 

that they are going to be audio-recorded (which was specified both in the recruitment 

letter and in the letter of consent). 

The part that is going to be audio-recorded 

1. Please, say the selected pseudonym. 

2. So far, do you like the major you selected? 

a. Do you plan to change your major? 

3. What do you see yourself working as after you graduate? 

4. When someone mentions math, what are some thoughts, emotions, or feelings that come 

to your mind? 

a. Can you elaborate on that? Why do you feel or think that way? 

5. How do you feel about taking one mathematics course as a requirement of your program?  

a. What were your thoughts when you noticed that you had to take one math at 

college? 

6. What is important to you in a mathematics course? 

7. What moves you or motivates you to study and be successful in that course? 

8. Do you think [THE COURSE] is an appropriate course for your program? 
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9. What are some useful things you have learned in that course? 

a. If nothing was useful, move to question 12. 

10. How can these things help you when you become a professional? 

11. Have you had any assignment, task, or project in [THE COURSE] that is related or 

aligned somehow to you, your interests, or your major? 

12. Could you please write the courses you are taking this semester and organize them 

according to how beneficial they are to you, be it to your life in general, your major, or to 

you as a future professional? 

a. Why did you select that particular order? 

13. Now, I want you to tell me anything you want to add about math, your perspectives, your 

feelings, or simply vent. 

14. Stop the recorder. 

After the interview: 

1. Give them the $10. 

2. Thank him or her again. 

3. Finish the meeting. 
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Appendix B 

The Essence of Your Experiences in [THE COURSE] 

 
 

Start of Block: Demographics 

 

You are being asked to complete a survey for research purposes. The survey is mostly about your 

views and feelings about [THE COURSE]. Completing this survey is voluntary. You can stop at 

any time by closing the browser tab. 

  

 To participate, you must be 18 years of age or older. You must also reside in the United States 

and be enrolled in [THE COURSE].  

  

 There are minimal risks related with your participation in this survey. For every 30 participants, 

a $10 Amazon gift card will be raffled. Only those who complete the survey and provide their 

email at the end of the survey will be considered. 

  

 If you have questions about the survey, its application, or survey compensation, please contact 

Jonathan Lopez. His phone number is 787-237-2780 and his email is jlopezt@ncsu.edu. You 

may also contact his faculty supervisor, Dr. Hollebrands. Her phone number is 919-513-0505 

and her email is kfholleb@ncsu.edu. Please mention the study number 14128 when contacting 

anyone about this project. 

  

 If you have questions about your rights as a participant or are concerned with your treatment 

throughout the research process, please contact the NC State University IRB Director. Use this 

information to do so: IRB-Director@ncsu.edu, 919-515-8754, or fill out this confidential form 

online.  

  

 If you consent to complete this survey, please click the next page button to start the survey. 

  

 
 

Page Break  

  

mailto:jlopezt@ncsu.edu
mailto:IRB-Director@ncsu.edu
https://research.ncsu.edu/administration/compliance/research-compliance/irb/irb-for-participants/#what-if-i-have-a-concern-or-complaint-about-the-research-i-participated-in
https://research.ncsu.edu/administration/compliance/research-compliance/irb/irb-for-participants/#what-if-i-have-a-concern-or-complaint-about-the-research-i-participated-in
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Please, indicate your sex. 

o Male  

o Female  

o Rather not specify  

o Other ________________________________________________ 

 
 

 

Please, indicate your race or ethnicity. 

▢ White  

▢ Black or African American  

▢ American Indian or Alaska Native  

▢ Asian  

▢ Hispanic/Latinx  

▢ Native Hawaiian or Pacific Islander  

▢ Other ________________________________________________ 

 
 

 

How old are you? Please, just type the number of years. 

________________________________________________________________ 
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What was your family (household) income last year? 

o Less than $12,999  

o $13,000 - $25,999  

o $26,000 - $38,999  

o $39,000 - $51,999  

o $52,000 - $64,999  

o $65,000 - $77,999  

o $78,000 - $90,999  

o $91,000 - $103,999  

o $104,000 - $150,000  

o More than $150,000  
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How many people are in your household? 

o 1  

o 2  

o 3  

o 4  

o 5  

o 6  

o 7  

o 8  

o 9 or more  

 
 

 

Are you a parent? 

o Yes  

o No  

 
 

 

Are you currently working or employed? 

o Yes  

o No  

 
 

Display This Question: 

If Are you currently working or employed? = Yes 
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How are you employed? 

o Full-time  

o Part-time  

 
 

 

Did you enroll in college right after high school? 

o Yes  

o No  

 
 

Display This Question: 

If Did you enroll in college right after high school? = No 

 

How many years passed after your high school graduation before you enrolled in college? 

Please, just type the number of years.  

________________________________________________________________ 

 
 

 

Have you been a full-time student (12+ credit hours each semester) since you first enrolled in 

college? 

o Yes  

o No  

 
 

 

What is you major? (I.e. History, Political Science,...) 

________________________________________________________________ 
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Where are you currently living? 

o On campus  

o Off campus  

o At home with family.  

o Other ________________________________________________ 

 
 

 

How isolated do you feel in your current living arranges?  

o A great deal  

o A lot  

o A moderate amount  

o A little  

o None at all  

 

End of Block: Demographics 
 

Start of Block: Student Background 
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What type of high school did you attend? 

▢ Traditional Public  

▢ Charter School  

▢ Magnet School  

▢ Public Virtual (Online)  

▢ Traditional Private  

▢ Boarding School  

▢ Religious  

▢ Montessori  

▢ Other ________________________________________________ 
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What was the last mathematics course that you took in high school? 

o Calculus  

o Pre-Calculus  

o Algebra II/ Trigonometry  

o Math 3  

o Math 4  

o Discrete Mathematics  

o Statistics  

o IB Math  

o Other ________________________________________________ 

 
 

 

How competent did you feel in the last mathematics course you took in high school?  

o Extremely competent  

o Moderately competent  

o Slightly competent  

o Neither competent nor incompetent  

o Slightly incompetent  

o Moderately incompetent  

o Extremely incompetent  
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How difficult was the last mathematics course you took in high school? 

o Extremely easy  

o Moderately easy  

o Slightly easy  

o Neither easy nor difficult  

o Slightly difficult  

o Moderately difficult  

o Extremely difficult  

 
 

 

What would best describe your overall experience in that course? 

o Extremely positive  

o Moderately positive  

o Slightly positive  

o Neither positive nor negative  

o Slightly negative  

o Moderately negative  

o Extremely negative  
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Thinking about your general high school experience, how were your attitudes towards 

mathematics back then? 

o Extremely positive  

o Moderately positive  

o Slightly positive  

o Neither positive nor negative  

o Slightly negative  

o Moderately negative  

o Extremely negative  

 

End of Block: Student Background 
 

Start of Block: Basic Psychological Needs 

 

From now on, the items are related specifically to your experiences in [THE COURSE]. All open 

questions are optional, but we would love to read more information about your experiences if 

you want to share them.  
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I felt confident that I could do the mathematical tasks in [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

I felt connected with my classmates from [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  
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I felt a sense of choice and freedom in the things I did for [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

I felt competent in what I did in [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  
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I felt that the instructor cared about me as one of the students. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

I felt that I have been doing what really interests me in [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  
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I felt forced to do assignments I didn't care for in [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

I felt that the relationships I had with others in [THE COURSE] were just superficial.  

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  
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I felt disappointed with many of my performance in [THE COURSE].  

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

I do not feel that I mastered the topics discussed in [THE COURSE]. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  
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I felt that I had very limited or no opportunities to be responsive to fellow students. 

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 

Most of the things that I did for [THE COURSE] felt like “I had to”.  

o Strongly agree  

o Agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Disagree  

o Strongly disagree  

 
 

 



195 

 

 

How would you rate the difficulty of [THE COURSE]? 

o Extremely easy  

o Moderately easy  

o Slightly easy  

o Neither easy nor difficult  

o Slightly difficult  

o Moderately difficult  

o Extremely difficult  

 
 

 

The following 4 open questions are optional, but if there is something that you would like to 

share, we would love to read it!  

 
 

 

Is there anything else you would like to share about how competent you felt in [THE COURSE]? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 
 

 

Is there anything else you would like to share about how autonomous (coming from yourself and 

your interests; not controlled by others) you felt in your actions? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Is there anything else you would like to share about how related to others you felt in [THE 

COURSE]? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 
 

 

How has COVID-19 affected any of those feelings?  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

End of Block: Basic Psychological Needs 
 

Start of Block: Reasons for Learning Questionnaire (Motivation/Regulation) 
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The reason that I have worked to expand my knowledge of the content in [THE COURSE] is: 
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Always 

true 

Usually 

true 

Sometimes 

true 
Neutral 

Infrequently 

true 

Rarely 

true 

Never 

true 

Because it is 

interesting to 

learn more 

about the 

nature of the 

content in the 

course.  

o  o  o  o  o  o  o  

Actually, I 

don’t feel 

motivated to 

expand my 

knowledge of 

the content in 

this course.  

o  o  o  o  o  o  o  

Because I 

receive 

praise from 

others if I do.  

o  o  o  o  o  o  o  

Because I 

want a good 

grade.  
o  o  o  o  o  o  o  

Because it is 

a challenge 

to understand 

how to solve 

mathematics 

problems.  

o  o  o  o  o  o  o  

Because I 

want others 

to see that I 

am 

intelligent.  

o  o  o  o  o  o  o  

Because I 

would say it 

is important 

to learn 

mathematics.  

o  o  o  o  o  o  o  
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Because I 

enjoy 

learning the 

content.  

o  o  o  o  o  o  o  

I actually feel 

unmotivated 

to work on 

expanding 

my 

knowledge 

for this 

course.  

o  o  o  o  o  o  o  

Because I see 

how it can be 

useful in my 

life.  

o  o  o  o  o  o  o  

Because 

there would 

be negative 

consequences 

if I don’t 

(decrease 

GPA, lose 

membership 

in honor roll, 

lose 

economic 

assistance, 

expelled 

from a school 

team, or the 

like)  

o  o  o  o  o  o  o  

Because I 

would feel 

proud of 

myself if I 

did well in 

the course.  

o  o  o  o  o  o  o  

Because the 

content is 

related to my 

major.  

o  o  o  o  o  o  o  
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Because I 

would feel 

embarrassed 

if people 

notice that I 

don’t know 

what is being 

taught in the 

course.  

o  o  o  o  o  o  o  

Because the 

content is 

useful for my 

future goals.  

o  o  o  o  o  o  o  

Because I 

feel 

satisfaction 

when I work 

on expanding 

my 

knowledge of 

the content.  

o  o  o  o  o  o  o  

Actually, I 

don’t work to 

expand my 

knowledge of 

the content in 

this course.  

o  o  o  o  o  o  o  

 

 
 

 

You may use this space to write about what is motivating you to learn or be successful in this 

course.  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 
 

 

How has the COVID-19 context influenced your motivation in this course? 

________________________________________________________________ 

________________________________________________________________ 
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________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

End of Block: Reasons for Learning Questionnaire (Motivation/Regulation) 
 

Start of Block: Content's Utility 
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Please, indicate how much you agree or disagree with the following statements about the utility 

of the content from [THE COURSE]. 
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Strongly 

agree 
Agree 

Somewhat 

agree 

Neither 

agree 

nor 

disagree 

Somewhat 

disagree 
Disagree 

Strongly 

disagree 

Knowing the 

content of this 

course 

provides few 

benefits for 

me.  

o  o  o  o  o  o  o  

I see no point 

in being able 

to do what I 

had learned 

from this 

course.  

o  o  o  o  o  o  o  

Having a solid 

background in 

the content 

from [THE 

COURSE] is 

worthless.  

o  o  o  o  o  o  o  

I do not need 

the content of 

this course in 

my everyday 

life.  

o  o  o  o  o  o  o  

After I 

graduate, an 

understanding 

of the content 

from this 

course will be 

very useful to 

me.  

o  o  o  o  o  o  o  

Understanding 

the content of 

this course has 

many benefits 

for me.  

o  o  o  o  o  o  o  
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I have a lot to 

gain by 

learning the 

content of this 

course.  

o  o  o  o  o  o  o  
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Please, rate how useful the topics from [THE COURSE] are for YOU. Consider your interests, 

major, and/or future career. There are no right or wrong answers, just your unique perspective.  

 

Extreme

ly 

useful 

Moderat

ely 

useful 

Slight

ly 

useful 

Neith

er 

useful 

nor 

useles

s 

Slight

ly 

useles

s 

Moderat

ely 

useless 

Extreme

ly 

useless 

N/A 

(Topic 

not 

discusse

d) 

Preference 

Ballots  
o  o  o  o  o  o  o  o  

Voting 

Systems  
o  o  o  o  o  o  o  o  

Fair 

Division  
o  o  o  o  o  o  o  o  

Apportionm

ent  
o  o  o  o  o  o  o  o  

Graph 

Theory  
o  o  o  o  o  o  o  o  

Hamilton 

Circuits  
o  o  o  o  o  o  o  o  

Spanning 

Trees  
o  o  o  o  o  o  o  o  

Digraphs 

and 

Scheduling  
o  o  o  o  o  o  o  o  

Sequences  o  o  o  o  o  o  o  o  
 

 
 

 

Is there anything else you would like to share about your perspective on the utility of [THE 

COURSE]? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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________________________________________________________________ 

 
 

 

How has the COVID-19 context influenced your perspective of the utility of the content in [THE 

COURSE]? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

End of Block: Content's Utility 
 

Start of Block: Abbreviated Math Anxiety Scale (AMAS) 
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Please, indicate how anxious (experiencing worry, unease, or nervousness) the following 

situations made you feel about or in [THE COURSE]. 
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Not 

anxiou

s at all 

Mildly 

Anxiou

s 

Somewha

t Anxious 

Moderatel

y Anxious 

Highly 

Anxiou

s 

Extremel

y 

Anxious 

The 

situation 

is not 

applicabl

e 

Finding out 

for the first 

time that I 

had to take 

mathematics 

courses as 

part of my 

college 

degree.  

o  o  o  o  o  o  o  

Having to 

use the 

book to find 

formulas.  

o  o  o  o  o  o  o  

Thinking 

about an 

upcoming 

test.  

o  o  o  o  o  o  o  

Watching 

the 

instructor 

work on an 

algebraic 

expression.  

o  o  o  o  o  o  o  

Taking an 

examination

.  
o  o  o  o  o  o  o  

Being given 

a homework 

assignment 

with many 

difficult 

problems.  

o  o  o  o  o  o  o  

Listening to 

a lecture.  
o  o  o  o  o  o  o  
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Listening to 

another 

student 

explain a 

math 

formula.  

o  o  o  o  o  o  o  

Being given 

a question 

in front of 

class.  

o  o  o  o  o  o  o  

Starting a 

new chapter 

in the book.  
o  o  o  o  o  o  o  

 

 
 

 

How has this course made you feel in terms of mathematics anxiety (worriedness, nervousness)? 

It may have improved, gotten worse, or you may have never felt nervous about math. You can 

elaborate on that here.  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 
 

 

How has the COVID-19 context affected the anxiety levels? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 
 

 

 

Is there anything else you would like to share about your experience in [THE COURSE] or 

perceptions of the course? If so, please, share it here.  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Please, provide your email to include you in the raffle for an opportunity to win a $10 Amazon 

gift card. 

________________________________________________________________ 

 
 

 

This is the last question. Once you move to the next page, the answers will be saved and you 

will not be able to go back.  

  

 Would you be willing to participate in a 30-minutes informal interview (just like a conversation) 

over Zoom to talk about your experiences and opinions about [THE COURSE]? It would take 

place in December or the beginning of January and you would be compensated for your time 

($10). If so, please, provide your NCSU email address.  

o Yes  

o No  

 
 

Display This Question: 

If This is the last question. Once you move to the next page, the answers will be saved and 

you will... = Yes 

 

Please, provide your name, NCSU email address (required), and phone number (optional). 

________________________________________________________________ 

 

End of Block: Abbreviated Math Anxiety Scale (AMAS) 
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Appendix C 

Informal Email to Contact Professor 

Hi [Name of the Professor],  

 

I hope you and your loved ones are doing well! I am a Ph.D. candidate in Mathematics and 

Statistics Education. For my dissertation, I am very interested in the specific population that you 

have in your course ([THE COURSE]) and the students' perceptions of mathematics in general. 

To know more about their experiences in mathematics and their perspectives, I would love to 

send out an online survey for them to complete. It is voluntary, but I would appreciate it if you 

could remind them in class about the survey and encourage them to complete it. I have written an 

email that you could send them on my behalf if you decide to help me reach them. Please see the 

attached document.  

 

The survey will not evaluate the students or professors. It will just explore students’ perceptions 

of mathematics and what it means for them to be a non-STEM student in an undergraduate 

mathematics classroom. Additionally, I already have IRB approval to conduct this research. 

[Reference number of eIRB when approved]. 

 

Please, feel free to ask any questions or let me know any concerns. I will be happy to address 

them. 

 

Sincerely, 

 

Jonathan López Torres 

North Carolina State University 

Ph.D. Student and Teaching Assistant 

Learning and Teaching in STEM-Mathematics Education 

Poe Hall 502-N 
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Appendix D 

Informal Email to Recruit Students 

Hi fellow students, 

 

I am Jonathan Lopez, a Ph.D. candidate in Mathematics and Statistics Education. I will focus my 

doctoral research project (dissertation) on students in [THE COURSE]. As part of a research, I 

have interviewed students in the past, conducted classroom observations, and analyzed the 

content of [THE COURSE]. Now, I need around 150 volunteers (each one of you is really 

important for this study) who want to express their thoughts about [THE COURSE] or their 

experiences with it on an online survey. Whether you like [THE COURSE] or not, whether 

you have a good grade in or not, whether you think it is necessary or not in your future 

careers, I want to know about it.  

 

My goal is to make better experiences in mathematics courses for students just like you. Your 

voices and your experiences are important to me! The approximate duration of this survey is 13 

minutes. If you decide to participate, I suggest you use a laptop or computer. Your contribution 

and representation in this survey are essential to my analyses, but it is not a requirement nor an 

expectation of your course. Please, answer each item as openly and truthfully as you can. 

 

I will not be evaluating your mathematical knowledge in any way. The survey will ask 

mostly closed-ended questions, which will help me understand your perspective of [THE 

COURSE], your opinions. Therefore, there will be no right or wrong answers, just your opinion, 

which I will appreciate. For every 30 participants, a $10 Amazon gift card will be raffled for 

survey participants. 

 

The survey will be completely confidential. The only person that will have access to your 

responses will be me. Although direct quotes may be used in reporting the results of the research, 

your identity will not be revealed. 

 

I am looking forward to getting to know your opinions! Please, access the link given below to 

start the survey.  

 

[Insert Link Here] 

 

Sincerely, 

 

Jonathan López Torres 

North Carolina State University 

Ph.D. Candidate and Teaching Assistant 

Learning and Teaching in STEM-Mathematics and Statistics Education 

Poe Hall 502-P 
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Appendix E 

Focus Group Interview Protocol 

Anxiety 

1. On average, students felt moderate math anxiety in high school. However, females 

reported significantly higher levels of anxiety in the last high school mathematics 

course taken than did males.  

a. What contributed to your feelings of anxiety in that high school math course? 

b. Why do you think females were more anxious than males? 

2. Students reported feeling significantly less anxious in [THE COURSE] than in the 

last mathematics course they took in high school. 

a. What were some differences that you think made students feel less anxious? 

b. What contributed to your feelings of anxiety in [THE COURSE]? 

3. In fact, it seems that most of the anxiety comes from being evaluated in mathematics 

rather than learning mathematics. 

a. What about evaluations in mathematics made you anxious? 

b. Is it different from evaluations in other courses or do you feel the same 

anxiety every time you are evaluated? 

c. Did you feel more anxious in [THE COURSE] than in other courses? 

4. Females feel slightly anxious about learning in [THE COURSE], but males do not. 

a. Why do you think that happens? 

Motivation 

5. [Remind them to be sincere.] On average, students reported feeling more motivated to 

learn because of external factors, like grades, and what others think of them, and less 
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motivated by internal factors, like valuing mathematics and understanding how it can 

be useful for them and others.  

a. In specific, what makes you learn or study mathematics? 

b. Do you feel the same types of motivators in other courses? 

1.Why is it different? 

6. It turns out that females feel significantly more motivated by external factors, such as 

grades and what others think of them, than males.  

a. As females, why do you think that is? 

BPNs 

7. In general, it seems that students feel competent in the course. However, it seems that 

the need for autonomy and the need for relatedness are frustrated. That is, autonomy 

refers to feeling ownership of your own actions and not that everything is imposed on 

you as a student, that you have some agency, that you are an active student, that you 

are doing things because it is interesting, and relatedness refers to feeling a 

connection to others and feeling like you belong in that course. 

a. Why did you not feel very autonomous in [THE COURSE]? 

b. Why did you not feel very connected to others in [THE COURSE]? 

8. Females felt more related to others than males in [THE COURSE]. 

a. As females, why do you think happened? 

Utility of the Course 

9. Students perceived the course to be between neither useful nor useless and slightly 

useful. 

a. Can you elaborate on the utility of the course as a group? 
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10. The perceived utility varied based on academic majors. Specifically, students 

majoring in any language or other social sciences areas perceived the course to be 

significantly more useful than students who are education majors, who perceived the 

course to be slightly useless. 

a. Are you in any of these academic majors? Why do you think that as a group 

they differ? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


