Exploring Affective Dimensions of Women’s Experiences in the Secondary-Tertiary
Transition in Mathematics

Seyda Uysal Kathleen M. Clark
Florida State University Florida State University

This report describes a pilot study conducted in Spring 2019. We set out to accomplish two tasks.
First, through semi-structured interviews, we sought to understand characteristics of women and
underrepresented minority (WURM) undergraduate mathematics majors’ experiences pertaining
to the secondary-tertiary transition (STT) in mathematics. Second, we designed and implemented
a supportive intervention to address aspects of the STT that emerged from the outcome of the
interviews. We draw upon Di Martino and Zan'’s (2010) three-dimensional model of attitude,
which reifies the role of affect in the STT, and focuses on students’ vision of mathematics,
perceived competence in mathematics, and emotional disposition towards mathematics. In this
report, we present data from three WURMSs’ perspectives to document three related dimensions
in the STT and discuss whether and how our intervention supported these students’ transition.
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The secondary-tertiary transition (STT) in mathematics learning has attracted many
researchers’ attention from a variety of contexts (e.g., Clark & Lovric, 2008; De Guzman et al.,
1998; Gueudet, 2008; Tall, 2008; Thomas et al., 2015). The STT has been commonly attributed
to the knowledge gap in mathematics that students experience when introduced to advanced
mathematics. These difficulties, cited as the “transition problem”, have been predominantly
connected to cognitive difficulties relevant to conceptual-epistemological change (Witzke et al.,
2016) and/or under-preparedness in school mathematics (Wade et al., 2016). De Guzman et al.
(1998) identified potential difficulties that impact students’ success during the STT in
mathematics education from the perspectives of (a) cognitive and epistemological, (b) social and
cultural, and (c) didactical, all of which helped to scrutinize numerous challenges that
undergraduate mathematics majors face. Further, Di Martino and Gregorio (2019) investigated
the STT from affective dimensions, which added a new perspective to explore the phenomenon.
Considering affective aspects of learning, the intersectionality in one’s identity increases the
complexity of the STT phenomenon. Investigating affective factors can shed light on how
gender, race, ethnicity, and educational backgrounds can play a role during the STT.
Recognizing mathematics as a historically masculine-dominated academic community
(Solomon, 2012), the current report aims to explore the salient elements of women and
underrepresented students’ (WURMSs) lived experiences by addressing the affective aspects.

Literature Review

After more than two decades, the STT in mathematics has been problematized as
discontinuities in institutional levels between secondary school and university mathematics
related to changes in the nature of mathematics (Gueudet et al., 2016), advanced and formal
mathematical thinking (Tall, 2008), mathematical discourse (Sfard, 2007), and learning and
teaching practices between the two institutions (Bosch, 2014). Alcock and Simpson (2002)
expressed the complexity of difficulties in the STT as an amalgam of multiple transitions.
Kajander and Lovric (2005) referred to the STT as a complex phenomenon involving multiple
issues that need to be addressed. Gueudet (2008) articulated the STT almost as a rupture.
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Recently, Di Martino and Gregorio (2019) reflected on it as a crisis that students undergo from a
perspective of affective domains by taking beliefs, attitudes, and emotions toward mathematics
into account. Various underlying factors during the STT may lead students to feel alienated
(Hernandez-Martinez, 2016; Solomon & Croft, 2016) and even drop out (Andra et al., 2011; Di
Martino & Gregorio, 2019; Rach & Heinze, 2017). Rarely, the challenges in the STT compelled
students to develop diverse strategies for sense of belonging and attainment to be able to persist
in the major (Holmegaard et al., 2014; Solomon, 2012).

Institutional inequity, gender gap, and stereotype threat constitutes barriers for WURMSs to
persist in STEM majors (Master & Meltzoff, 2016). Recognizing the multi-layered nature of
identity, several studies recommended looking at experiences of WURMSs in mathematics with
an emphasis on the intersectionality (Eddy & Brownell, 2016; Starr, 2018). In this paper, we
discuss various experiences of WURMSs who have been traditionally positioned as
underrepresented participants of mathematics communities in institutions of higher education in
the US. Yet, the body of literature which examines how gender and intersectionality play a role
during the STT is limited. To address this issue, our research question was: In what ways do
WURM students articulate their vision of mathematics related to their perceived competence and
emotional response to the STT in mathematics?

Theoretical Perspectives

Many scholars have recognized the importance of affective factors that play a part in learning
mathematics (e.g., DeBellis & Goldin, 2006; Di Martino & Zan, 2010; McLeod, 1992). Previous
studies in mathematics education attempted to include affective factors in examination of
cognitive processes (e.g., Mandler, 1989), yet a few of them focused on the interplay between
these affective and cognitive aspects. Even though several scholars have taken the affective
domains into consideration, the majority of research is primarily concerned with the role of
beliefs during problem-solving activities (e.g., Schoenfeld, 1985) rather than investigating the
interaction among beliefs, attitudes, and emotions. Di Martino and Zan (2011) conceptualized
attitudes as a bridge between emotions and beliefs in a three-dimensional model of attitude
(TMA). The TMA views attitudes as an outcome of interconnections among and between the
subjective components of vision of mathematics (i.e., beliefs on the nature of mathematics),
perceived competence (i.e., beliefs about self), and emotional disposition toward mathematics
(Di Martino & Zan, 2010). Di Martino and Zan (2010) described the vision of mathematics
based on whether students refer to the role of reasoning (i.e., relational understanding) or sets of
rules for memorization (i.e., instrumental understanding) in reflecting on their mathematics
engagement (Skemp, 1978). Next, the perceived competence in mathematics is related to
students’ beliefs about their success, which depends on different factors such as grades, teachers’
appreciation, and/or understanding. Finally, the emotional disposition toward mathematics
captures positive or negative feelings when students reflect on their relationship to mathematics
(Di Martino & Gregorio, 2019). Students describe their experiences with mathematics by using
expressions such as like, dislike, apprehension, or joy when they tell their story (Di Martino &
Zan, 2010). Investigating the underlying reasons for these emotional expressions is a useful
method in understanding students’ attitudes. Di Martino and Zan (2010) claimed that students
often refer to one or more of these dimensions when elaborating on their story of mathematics.
Students tend to connect their cognitive difficulties to affective factors such as interest,
enjoyment, and perceived competence (Di Martino & Gregorio, 2019; Furinghetti et al., 2013;
Liston & O’Donoghue, 2010). Beliefs about mathematical competence and feelings about

2021 Research in Undergraduate Mathematics Education Reports 350



mathematics become even more critical when looking at the experiences of women (Sax et al.,
2015; Solomon et al., 2011) in gendered mathematical environments.

Method

Settings and Participants

We conducted a small pilot study in 2019 Spring with 12 participants who were either pure
mathematics (PM) majors or double majors in PM and secondary mathematics teaching (SMT).
In this report, we present findings from three female students (Table 1), whose experiences
highlight the key aspects of our findings. Our aim was to gain insight into the salient features of
the STT for students enrolled in a southeastern university in the US, particularly from WURMs’
standpoint. First, we interviewed students to capture their STT experiences along three
dimensions of interest (emotional disposition towards mathematics, vision of mathematics, and
perceived competence in mathematics). Next, an analysis of the interviews aided our design of a
supportive intervention, which confronted aspects of the STT via an examination of the
(historical) changes in the nature of mathematics (in this case, related to the concept of
derivative). Data collected during the four-session seminar (each session was three hours in
duration) include survey responses, video recordings of seminar sessions, and student reflection
diaries. In this study, we focused on a small portion of data from the interview and seminar
(reflection diaries from days 1 and 4) to report our initial observations related to the three
aforementioned dimensions of the STT. In our analysis, we adopted a grounded theory approach
by following open, axial, and selective coding to group students’ responses according to three
dimensions of our theoretical framework (Charmaz, 2006). We reduced the raw data into smaller
units to take analytical descriptive notes for “explicating implicit actions and meaning”
(Charmaz, 2006, p. 50). Next, we recorded useful quotes from the participants to illustrate their
affect-related experiences. In the next section, we highlight our initial findings on how WURM
students articulated their STT experiences with university mathematics, as well as how our
intervention contributed to their perception of the STT.

Table 1. Selected participants and data sources (WURM pilot study, 2019).

Students Major/Year Data Sources

Karine PM/Sophomore Interview, Reflections, Survey
Malya PM & SMT/Junior Interview, Reflections, Survey
Evelyn PM & SMT/Senior Interview, Reflections, Survey

Preliminary Findings

In this report, we present episodes from Karine, Malya, and Evelyn to address the three
dimensions from the perspectives of WURMSs. We note that Karine identified herself as Latina,
Malya as Black, and Evelyn as White. We first discuss the vision of mathematics to capture how
changes in the nature of mathematics impacted students’ emotions. Second, we provide excerpts
pertaining to students’ perceived competence and highlight their accompanying emotional
responses. Finally, we discuss the seminar intervention and highlight students’ emotional
disposition toward advanced mathematics courses and whether and how the seminar contributed
to their transition experiences.
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Vision of Mathematics

In the interview, we asked students to discuss their STT experiences. We observed that
students expressed certain challenges by emphasizing changes in the nature of mathematics by
contrasting school and university mathematics. Initially, the students were not aware of the STT.
After discussing the phenomenon with them, students were able to recognize its impact on their
experiences. In the following excerpts, Evelyn and Malya similarly articulated that the transition
had begun when they were introduced to more advanced courses (e.g., after Calculus 3), while
they perceived lower division courses as an extension of secondary school mathematics.

The real transition didn’t really happen for me until I started to take the major level of
math classes. Because | feel for the most part like, the [Calculus sequence was] pretty
much formula-based and the things were still tangible. ... we’re still using numbers,
whereas now I feel it’s a completely different strain of math; it is all theoretical; it is all
proof-based and it is just something very different. (Evelyn, Interview 2019)

Malya also stated that the STT was rough for her, especially after Calculus 3, despite her
good preparation in high school. Also, she explicitly reflected her emotional dispositions in
coping with difficulties during the STT. Later, she found some resources for support. Also, it is
worth noting that Malya attributed her struggle in the STT to her inner mathematics abilities,
which also captures her lower perceived competence in mathematics.

I think it [the transition] was rough, but I also think that it wasn’t as rough as it could
have potentially been. ... entering Calc 3 right after [the] first semester here...was bad.
Like, I know that was bad, but I also think that | had resources here on campus. At least
the resources that | was able to gain access to and find easily here that made me feel like |
wasn’t doing as terribly as I could have... I feel like a lot of the transition that was bad
for me was kind of like a mind thing. It wasn’t that I couldn’t do it. It was just that I was
thinking I couldn’t do it and thinking that made me feel more reluctant to do my
homework and more reluctant to ask for help and basically just talk about the things that
were going on and knowing that [ was struggling, but it didn’t feel comfortable enough to
bring up the struggle to anyone. (Malya, Interview 2019)

We also captured emotionally charged utterances from Evelyn’s interview, which were
similar to how Malya articulated her experience. Surprisingly, we detected that the professor
privileged a passing grade rather than understanding of content. The following excerpt illustrated
Evelyn’s inner unsettled feeling, which also reflected that she valued understanding in
mathematics for success as opposed to solely receiving a passing grade.

I find that like, every semester, | panic because | think I am failing the class. | get
stressed out because | am not doing well on these tests. | am getting like 60s. But then,
the professors are always like: Yeah, that’s average. Don’t worry about it. We are going
to just curve the grade. So then, I end with these B-plusses, a couple of Cs, and [in] so
many harder [classes]. And, I feel like, I struggle in the next class because I didn’t do
well on the first class and then everything builds, and it’s just like a snowball effect. I feel
like the transition won’t end until I graduate because I am still struggling to really handle
this new strain of mathematics that | am dealing with. (Evelyn, Interview 2019)
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Karine’s reflections on the STT in mathematics seemed less emotionally laden compared to
Evelyn’s and Malya’s. One can expect students to reflect on their emotions more often when
confronted with the changes in the nature of mathematics, which began after the Calculus 3
sequence for Evelyn and Malya. As a sophomore, Karine might not have spent as much time in
the major to make sense of how courses will look as she advances in course taking. In the
following excerpt, Karine highlighted some changes in her vision of mathematics related to
university mathematics courses.

I guess this stuff at the beginning of the course isn’t that big of a jump. It’s like functions.
It’s set theory, which we’ve been using set notation for a long time. The concept of
functions and mapping and stuff that comes up in Linear Algebra. It’s more theoretical,
but it’s not like this huge jump. It’s just kind of phrasing it in a different way and looking
at it from a different angle, [like] the metric spaces... At the beginning of the semester,
the proofs class was like, ‘Oh my gosh’ But then... I’ve gotten the groove of things. I
was like, okay, I’'m going to start having a schedule for when I’'m going to work on this
homework. ... That’s when I started talking with this math friend. ... We spend like three
hours going through this stuff for this class. And then, once we leave that initial kind of
like, ‘oh gosh, what are we doing?’ sort of thing then, I was like, okay, this isn’t really
too bad. (Karine, Interview 2019)

Karine’s experiences in dealing with the abstract nature of mathematics showed a necessary
change in vision of mathematics, as well as learning and studying strategies. It seems that Karine
was fully cognizant that she needed to put forth more effort to overcome difficulties that arose in
the STT related to the nature of mathematics. Additionally, it is worth noting that she sought to
engage in mathematics conversations with one of her peers which might be an indication of her
need for academic and social support. Overall, considering these three students’ reflections, it is
reasonable to argue that mathematics majors need social and academic support. They might need
to share experiences and notice common challenges about mathematics in their program of study.
These ideas led us to organize a seminar in 2019 to create a small academic space for these
women to talk about their mathematical experiences and dispositions.

Perceived Competence in Mathematics

We noticed that students expressed conflicting beliefs about their perceived competence,
which seems to be linked to increasing abstractness in the nature of mathematics. Specifically,
Evelyn and Malya reflected on changes in the nature of mathematics after Calculus 3 and how
their perceived competence was influenced by this change in upper division mathematics
courses. Karine also mentioned how this change in the nature of mathematics “[shook] her
confidence” and led her to seek additional help to cope with the STT. Accordingly, we detected
that students reflected on their emotions at varying levels. Depending on variances in lived
experiences of these three women, their emotional reaction levels were also notably different.

In Calc 3, ODE and Linear Algebra, yes, | did feel like that [confident]. Because there
were clear steps that could help me. And, we were still using numbers. But then in the
major-related classes, | do not feel competent or confident with my work. | find that | am
... just writing down stuff that we went over in class. And hoping that somehow it makes
sense and is a good enough proof to prove something. (Evelyn, Interview 2019)
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Malya expressed similar sentiments regarding her perceived competence while taking
Calculus courses. Interestingly, we noticed that Malya pointed out her lower confidence before
Calculus 3, which seems different from Evelyn’s experience. Considering opportunities and the
intersectionality, Malya’s high school preparation might not have sufficiently prepared her for
lower division mathematics courses (Wade et al., 2017).

I don’t know if it’s [my confidence that has] changed because... even though I am
confident about ... anything less than Calc 3 now, I do remember it in the moment while
taking them, I was not so confident about it. And so, I think, my confidence levels have
been about the same while I’m taking the courses at least. (Malya, Interview 2019)

We identified similar patterns in Karine’s reflection on perceived competence in her
mathematics experiences. Even though Karine stated that being surrounded by other good
students is intimidating, she viewed them as a resource for improving her knowledge.

Sometimes | do feel like, oh my gosh! | made a really dumb mistake on an integral, or |
had to look up something that I knew where that should have been really obvious. So
then... that just shakes my confidence. But ... I don’t really let it get to me because just
why would I do that? That’s just a waste of my time. ...and then seeing other people... I
guess better or more advanced in math, sometimes it’s like, oh geez, that’s intimidating.
But it’s also why am I worried about that? They can help me. (Karine, Interview 2019)

As seen from the excerpts, each of the three women mentioned that at some point there were
times when they did not feel as confident as they had previously. Interestingly, we observed
connections between increasing abstractness in mathematics and students’ inclination to question
their mathematical competence (Di Martino & Gregorio, 2019). This tendency often prompted
their unproductive emotions.

The Intervention Seminar: Students’ Emotional Reflections on the STT in Mathematics

During the first seminar session, we asked students to reflect on their STT experiences in the
major. We captured evidence of affective dimensions in the STT that influenced our participants’
mathematical experiences and emotional dispositions. We observed that the seminar positively
contributed to their experiences in the STT regarding emotional dispositions when dealing with
more advanced mathematics. Creating a safe, collegial space for mathematics majors seemed to
encourage them to engage in mathematical activities such as thinking, feeling, and talking about
mathematics. Notably, Evelyn expressed loneliness considering the lack of representation of
women in various mathematical spaces and different hardships in her transition.

Knowing that there is a name to this phenomenon is comforting. When dealing with “the
transition problem,” I often felt alone in this transition, especially being surrounded by
mostly men who did not seem to have this problem. (Evelyn, Seminar 2019, Day 1)

Similarly, Malya’s reflection on the first day provides evidence that even though she was not
aware of a transition phenomenon in mathematics, it resonated with her. Malya touched upon the
prerequisite knowledge related to secondary school mathematics that did not warrant success to
proceed to advanced university mathematics (Rach & Heinze, 2017). Malya’s reflections
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highlighted her views on the different nature of mathematics in the two institutions as well as a
necessary adjustment of learning strategies (Clark & Lovric, 2008).

| feel like this transition is similar to a well-known undercover secret. A lot of folks
acknowledge that there is this period of transition between school and university, yet they
are not doing much about it. There seems to be a lack of effort in attempting to shorten or
lessen the “transition.” My teachers warned me about how much more studying | would
need to do and how schoolwork is nothing like university-course work. I understand that
going to college is not for everyone, but for those who are going to college, I think it is
important for them to have that exposure (Malya, Seminar 2019, Day 1)

On the fourth day, we asked students how the seminar was useful in dealing with challenges
in their mathematics program when the changes in the nature of mathematics were considered.
Karine stated that the seminar was helpful for her to develop more productive attitudes toward
dealing with advanced mathematics. She also commented on how the academic content of the
seminar was useful for her to gain a better understanding of an important mathematical concept
that will benefit her in course work. Karine’s reflection was an exemplar of mathematical
confidence, which seemed to be uplifted by conceptual support provided in this seminar.

| feel more confident and excited with regards to my 4000-level math classes next
semester, including Analysis. | definitely feel like | have a better grasp of the derivative
and differential as a mathematical object, which is a huge relief since deep down there
was still that last bit of confusion of what a derivative actually was and how it came to
be. It was amazing! | loved every part of it. (Karine, Seminar 2019, Day 4)

Moreover, Evelyn pointed out her positive attitudes toward advanced mathematics after the
seminar, which previously did not seem to be so. From a pre-service teacher perspective, Evelyn
commented on in-class practices that did not benefit her conceptual understanding, especially for
upper-level mathematics courses. Group discussions and interactions were important for her to
become more open to abstract mathematics.

This seminar improved my attitudes toward transition. When dealing with formal
mathematics, | was miserable and struggled a lot. After the seminar, | am a little more
open to dealing with abstract mathematics. | think if there was a little more discussion,
explanation, or collaboration, like the seminar, then I think | could have gotten more out
of the class. I think this seminar was really useful. (Evelyn, Seminar 2019, Day 4)

Implications

This pilot study suggests that STT experiences might differ across country contexts. Also, we
conjecture that WURMS’ STT experiences vary based on high school preparation, year in the
mathematics major, and gender. Using affective aspects of the STT is promising for capturing
students’ vision of mathematics and perceived competence. Our research provides valuable
insights into perseverance strategies and support mechanisms that WURMS need in coping with
challenges and how they configure their new mathematical space. We posit that future studies
should examine more deeply how academic and social support interventions can contribute to
WURMSs’ mathematical experiences in STT, while considering the notion of identity.
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