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Abstract

Mathdramatics: Mathematicians in Plays

Emma LaPlace

Existing studies have explored the portrayal of mathematicians in various mediums
(movies, books, television shows, etc.). However, little, if any, research has been conducted on
how mathematicians are depicted in plays. This study utilizes sequential mixed methods content
analysis to discover: 1) How female and male mathematician characters are developed in plays
(i.e. the methods that the playwright uses to build the character); and 2) How female and male
mathematician characters are represented in plays (i.e. the specific traits possessed by the
character).

Overall, the findings indicated that dispositional traits (traits relating to general attitude
and personality of a character) are the most common in the development of both female
mathematician and male mathematician characters. However, there are also some differences in
the ways in which female and male mathematician characters are developed in plays.
Playwrights are more likely to use motivational traits (traits relating to goals and desires of a
character) when developing male mathematician characters, and are more likely to use physical
traits (traits relating to the appearance of a character) when developing female mathematicians
characters. Furthermore, results revealed that female mathematician characters are represented as

being inferior to males socially, vocationally, and academically.
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Chapter 1: Introduction

1.1 Context for the study

My academic history as a mathematics and drama double major at Vassar College is
considered an atypical combination of disciplines. People would often ask me what I intended to
do with those two majors. Teaching is a path that has allowed me to pursue these two passions,
since both creativity and dramatics are inherently present in the classroom. I always knew that I
would ultimately be able to merge these two seemingly disparate fields in a more explicit way,
and this study sets out to do just that.

1.2 Need for the study

1.2.1 Perceptions of mathematicians

The perceptions of mathematicians have been prominent topics of study in the field of
mathematics education since the turn of the century (Picker & Berry, 2000; Epstein et al., 2010).
In most studies, the perceived image of mathematics and mathematicians has been examined
through the lens of students’ beliefs (Picker & Berry, 2000), teachers’ beliefs (Mura, 1995), and
the general public’s beliefs (Applebaum, 1995; Forgasz et al., 2014).

The societal perceptions of mathematics and mathematicians have impacts in
mathematics education, because they can affect young people’s understanding of, and desire to
do, mathematics (Epstein et al., 2010). Students’ mathematics self-concept, or their association
between themselves and math, can be influenced by widespread beliefs about mathematics and
mathematicians. Cveneck et al. (2011) assert that such self-concept could be an outcome of
social-cognitive development: “Combining cultural stereotypes (‘Math is for boys’) with the
knowledge about one’s own gender identity (‘I am a girl’) [can] influence one’s self-concept

(‘Math is not for me’)” (p. 766).



Indeed, many students (particularly female students) feel that mathematics is “someone
else’s” subject (Merseth, 1993, p. 549), which can lead to even more stratified perceptions of
who is able to access mathematics as a discipline. In fact, a sense of belonging within the wider
field of mathematics is a major factor in retaining mathematics doctoral students. “Losing people
from mathematics because they [feel that] they do not ‘fit in’ might result in less diversity of
mathematical thought amongst those who stay in mathematics,” thus making the group of those
who ‘belong’ more and more homogenous (Herzig, 2004, p. 173). Therefore, the perceptions of
mathematicians can have major repercussions for students, affecting their long-term academic
relationship with the field of mathematics.

1.2.2 Mathematicians in media

There are many cultural influences that can lead to an elite perception of mathematics and
mathematicians, including the media. Studies have examined the representation of
mathematicians in various media forms, such as picture books (Fellus et al., 2022), young adult
novels (Darragh, 2018), advertisements (Evans ef al., 2013) and television, movie, and video
clips (Salopek, 2018). Many of these works highlight the persisting negative stereotypes of
mathematicians as anti-social, even ‘mad’ individuals with untouchable natural intelligence.

It is crucial to note that many of these media representations of mathematics and
mathematicians also have gender implications, including that women are subordinate to men
within the field (Moreau et al., 2007; Moreau et al., 2009), that women working in STEM fields
are unfeminine (Bhatt et al., 2015), and that women working in STEM fields are oftentimes
unmarried (Steinke & Tavarez, 2017). This is relevant in the field of mathematics education
because gendered stereotypes of mathematics can manifest early in students. Studies show that

most high school students have strong gender beliefs, due to the widely shared socio-cultural



environment in which we live. In fact, “students enter high school with gendered presumptions
of competence, appropriate jobs, and self-conceptions,” which can thus affect female students’
choice of college majors, particularly in STEM disciplines (Legewie & Diprete, 2014, p. 261),
and the media that they consume can solidify these gender beliefs.

1.2.3 Image in plays

Many of the previously mentioned studies have called for future research exploring the
representation of mathematicians in various other artistic mediums, such as plays (Fellus et al.,
2022). Unlike other forms of literature (poems, novels, etc.), plays are typically performed for an
audience, creating a dynamic, shared experience between the playwright, the troupe of actors and
technical crew, and the spectators. Indeed, as stated in Hegel’s Aesthetics, “The actors in a drama
do not speak solely for themselves, but also the spectators whom they seek to inform” (Kedney,
1885, p. 91).

Furthermore, plays add to the creation of an image of certain character tropes. ‘Image’ is
the social construction of a person, or a group of people, as represented within the world of the
play, which can affect the way that audience members perceive and understand such people
outside the world of the play. For example, extensive research has been done about the image of
women in plays, including a study which concludes that the image of ‘woman’ in Moliére’s
plays was a liberated individual who defied the Bitch-Goddess archetype, specifically through
characteristic themes such as: 1) Wit; 2) Ingenuity; 3) Ability to make decisions; and 4) Ability
to act on decisions intelligently and courageously (Fenstemaker John, 1978). The study by
McLuskie (1992) highlighting women in Shakespeare’s plays found that Shakespeare’s female
characters are nuanced and often contradictory, as displayed by the inconsistencies in the actions

of the women and the way they are described by others, and by their simultaneously submissive



and defiant characteristics. Furthermore, overarching themes illustrate that many of
Shakespeare’s most prominent female characters display traditionally male traits, such as
ruthlessness, wit, etc. A study on women in Brechtian works concludes that women in Brecht’s
early works were written as one-dimensional characters who serve to perpetuate traditional
gender roles. Oftentimes, these characters took the form of asexual mothers who exist only to
support others (such as sons), which thus limits their own identity (Smith, 1991). However, in
later works, Brecht portrays women in a different way. In these plays, many of his female
characters are fighting against stereotypes and victimization, as opposed to their earlier
counterparts who only perpetuated this misogyny. Therefore, since plays represent a microcosm
of society, the images that are created in plays can help to clarify how women are viewed, both
on and off the stage.
1.2.4 Characterization framework in dramatic theory

To understand an ‘image’ as represented in a play, one must have a deep understanding
of the characters. Playwright Sam Smiley developed the characterization framework (Table 1) in
his 2005 book, Playwriting: The Structure of Action. Within dramatic text, characterization can
be determined “through [a character’s] own words and actions, through the words and actions of
other characters about him, and through production notes or physical descriptions supplied by the
author” (Zeder, 1978, p. 55). Though minor characters may not possess traits that fall into all six
categories, fully developed major characters should contain all of these characteristics (Zeder,
1978). This characterization framework can help to compare and contrast different characters
within a play by differentiating between their unique traits (Smiley, 2005). Smiley’s framework
1s primarily utilized by playwrights as they develop characters, so the use of it as an instrument

in research is novel.



Table 1

Characterization Framework in Plays

Category

Description

I
Biological

Physical

Dispositional

Motivational

Deliberative
o Expedient
Traits

o FEthical Traits

Decisive
o Expedient
Traits

o FEthical Traits

Establish a character as a biological being (species, gender, etc.)

Any physical quality (age, race, height, weight, attractiveness, health,

clothing, voice, etc.)

Basic mood/attitude, personality, etc.

Desires, goals, etc.

Thoughts, ideas, etc.

o Refer to logical, realistic thoughts about how to accomplish

something

o Refer to moral thoughts about whether or not something
should be accomplished

Actionable decisions, etc.
o Refer to logical, realistic actions towards accomplishing

something

e Refer to actions motivated by moral principles

1.2.5 Mathematics education and theater

Research on the intersection of mathematics and theater is limited. There has been
research about how to incorporate the mathematics content and problems seen in fictional media,
such as plays, in the classroom (Meadows & Caniglia, 2021). Examining mathematics through
the lens of relatable media can be helpful for students, because “when this curiosity is
encouraged and students have the opportunity to explore mathematics in the context of their
world, they are interested and want to learn,” since the content is engaging and relatable (Gojak,

2013, p. 1). The use of theater as a teaching tool in the mathematics classroom has also been



explored (Gertsberger, 2009). Furthermore, studies have examined how plays can be used in
other disciplines to reveal insights about certain time periods, societal perceptions, and types of
characters (Fischer & Spector, 2001; D’ Alessandro & Frager, 2013; Kisida et al., 2020). Theater
can have major pedagogical impacts, as seen by the way Lin Manuel Miranda’s musical,
Hamilton, has become a phenomenon that has transformed history education (Northrop, 2022).

Plays may be able to engage mathematics students in similar ways. Different mediums to
inspire mathematics learning can “create spaces for learners’ own views and... give people
alternatives to the current limited range of ways of relating to mathematics” (Mendick ef al.,
2008, p. 9). In exploring mathematics through the intersection of two distinct fields (mathematics
and theater), new truths can be illuminated about both mediums — the mathematics content and
the play itself (Aharoni, 2014).

In conclusion, prior research has highlighted the representation of women in plays, and
the representations of mathematicians in other media forms such as books, television,
advertisements, and movies. However, little, if any, research has been conducted on the image of
mathematicians, particularly comparing development and representation of female and male
mathematicians, in plays, thus creating a gap in the existing research that needs to be addressed.
1.3 Purpose and research questions

The purpose of this study is to explore the development and representation of
mathematicians in plays, specifically by comparing the female mathematicians to their male
counterparts. I used mathematics as the context, but not as the focus for my framing of the study.
The primary focus is on gender portrayals in the context of plays about mathematics, which is a
discipline with historically strong gender stereotypes. The study was guided by the following

research questions:



1. How do the developments of female and male mathematician characters compare across
individual plays?

2. How do playwrights develop the characters of female and male mathematicians in
contemporary plays?

3. What are the ways in which female and male mathematicians are represented in
contemporary plays?

I defined contemporary plays using the criterion of Laera (2020) “as inclusive of both
plays by living authors and plays written in the past 20—30 years” (p. 1). While these plays may
not be set in the current day, they can still help to illuminate modern ideas about perceptions of
mathematicians in history.

Development of characters refers to sow the playwright wrote the character (i.e. the
methods that the playwright used to build the character). Representation of a character refers to
who the character is (i.e. a character’s personality traits, looks, etc.).

1.4 Procedure

The study’s research questions were addressed through a sequential mixed methods
content analysis methodology. My worldview is social constructivism, therefore I seek
understanding of the complexity of views, rather than looking for definitive answers (Creswell &
Creswell, 2018). This fits within the content analysis research design, because it allowed me to
deeply interact with my chosen research topic, and search for meanings and themes.

I selected the plays for analysis using a systematic review of documents in the Database
of Mathematical Fiction, which is curated and maintained by Dr. Alex Kasman of the College of
Charleston (Kasman, n.d.). This database is “widely recognized” as a research tool in

mathematical fiction (Swallow, 2006, p. 761). The database is updated regularly, and it has more



than 1,600 entries (as of April 2025). The database allows the user to search via mathematical
topic, author, genre, medium, etc. I selected the plays for analysis that met all the following
criteria: 1) Have both female mathematicians and male mathematicians (either fictional or
historical) as primary roles; 2) Are straight plays (straight plays are non-musicals); 3) Originated
as plays (i.e. were not based on movie scripts or novels); 4) Are written/translated in English; 5)
Were published by theater publishing houses that are recognized by the Dramatists Guild. The
Dramatists Guild is the “national, professional membership trade association of theatre writers
including playwrights, composers, lyricists, and librettists” (Dramatists Guild, n.d.); and 6) Are
contemporary plays. I chose to focus on contemporary plays, so that I could draw parallels
between the theatrical roles of women, and the roles of women in modern society. These six
criteria resulted in a total of seven plays.

In order to address Research Question 1 (How do the developments of female and male
mathematician characters compare across individual plays?), I used Smiley’s characterization
framework (Table 1) as the basis for my codebook, using the categories of traits as my codes. [
coded every line in each play that pertains to or references a female or male mathematician
character (both dialogue and stage directions). I then sorted the data into the following two
clusters: 1) Units that reveal something about a female mathematician character; and 2) Units
that reveal something about a male mathematician character. I then created frequency and
percentage distributions to compare the characterization codes most commonly used for female
mathematicians in each individual play with the characterization codes most commonly used for
male mathematicians in each individual play. After examining each play individually, I then

compared the plays that developed the mathematician characters in similar ways to see if they



shared any other commonalities (i.e. years written, types of characters, author demographics,
setting of the play, etc.).

In order to address Research Question 2 (How do playwrights develop the characters of
female and male mathematicians in contemporary plays?), I used an aggregate of the frequencies
of each individual play from Research Question 1 to analyze the plays collectively, while still
keeping the codes separate for female and male mathematicians. Specifically, I compared the
characterization codes most commonly used for the development of female mathematicians, and
the codes most commonly used for the development of male mathematicians overall across all
seven plays. Doing so allowed me to understand how playwrights are developing such
characters, as well as identify any meaningful differences between how the male and female
mathematician characters are developed in plays.

In order to address Research Question 3 (What are the ways in which female and male
mathematicians are represented in contemporary plays?), I used the coded lines and chunks of
dialogue and stage directions, and clustered them together by characterization codes. Then, using
axial coding, relationships between the clusters were identified to discover recurring themes
about the female and male mathematicians and their representations. I used this analysis to
characterize several distinct types of male and female representations in plays.

To address reliability and validity, I took the following steps: 1) I used a codebook
comprised of codes from an existing framework that was appropriately suited to my study (face
validity); 2) I conducted a pilot study to test my codebook and methodology; 3) I used an
independent trained coder to ensure that there is agreement with my coding (inter-coder
reliability); 4) I asked an expert in qualitative research methods to rigorously review my coding

for one entire play to ensure that it was systematic, consistent, and grounded in the established



codebook (content validity); and 5) I re-coded the same piece of text after a period of time to
ensure consistency (intra-coder reliability).
1.5 Summary of the study

This study contributes to the knowledge in the field of mathematics education by
exploring whether or not there are meaningful gendered differences in how playwrights develop
and represent mathematician characters. These differences may help to illuminate implications
about social dynamics and gendered academic/career choices within the field of mathematics.
This study also aims to discover how plays that develop the characters of female mathematicians
and male mathematicians in similar ways may have commonalities, which would help to inform
this aforementioned social dynamic.

Chapter 2 gives a detailed description of relevant literature which helps to situate the
study in existing academic works. Chapter 3 highlights the methodology used in the study,
including the research design, data collection process, data coding process, and analysis process.
Chapter 4 explains the findings of the study, specifically by addressing the research questions.
Chapter 5 provides a discussion of the findings including the limitations of the study and

recommendations for future research.
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Chapter 2: Literature Review

This chapter is composed of sections that present prior research on: 1) Gendered
stereotypes in STEM; 2) The perceptions and stereotypes of mathematicians; 3) Gender in
mathematics; 4) The differences between female and male characters in fiction; 5) The
perceptions of mathematicians in mediums other than plays; 6) Mathematics self-concept; 7) The
role of plays in education. Finally, the current study is situated within the existing literature.

2.1 Gendered stereotypes in STEM

STEM is an acronym relating to academics, careers, and curriculum in the fields of
Science, Technology, Engineering, and Mathematics (Koonce ef al., 2011). Particularly in
educational research, there have been numerous studies highlighting STEM, many of which
discuss gendered stereotypes within the field. To define stereotypes, 1 utilize Ashmore and Del
Boca’s (1981) definition, which states that stereotypes are sets of inferred associations between
individuals belonging to certain social groups, and specific characteristics.

Within the field of STEM, there are strong gender stereotypes, many of which involve
females being seen as inferior to their male counterparts. For example, there is the pervasive idea
that STEM disciplines are inherently male domains (Appel & Kronberger, 2012; Makarova et
al., 2019). This view is partially due to the stereotype that females have lesser abilities in
mathematics and science compared to men (Appel & Kronberger, 2012). Whereas STEM
disciplines are perceived as being more accessible to males, verbal academic areas (i.e. spelling,
writing, languages, etc.) are perceived as being more accessible to females (Kurtz-Costes et al.,
2014).

Such gendered perceptions of STEM are learned, and not innate. Younger students tend

to favor their own gender when asked about perceived differences in STEM learning, whereas

11



older students have opinions that are more aligned with traditional gendered stereotypes (i.e.
females inferior, men superior) in STEM (Kurtz-Costes et al., 2014). This viewpoint may
originate because older students have had more exposure to social settings in which such societal
stereotypes may be reinforced, whether that be in conversation, media representations, etc.
(Kurtz-Costes et al., 2014). By the time students enter high school, these gendered beliefs have
already manifested, and many students possess “gendered presumptions of competence,
appropriate jobs, and self-conceptions” (Legewie & Diprete, 2014, p. 261).

These gendered stereotypes render females as outsiders in STEM disciplines, especially
in workplace environments. For example, a study from O’Connor et al. (2018) indicates that
females in STEM careers who identify as the most career-oriented are forced to accept and
embody characteristics associated with masculinity, including not having children. Very few of
the women sampled in this study fell into the opposite end of the spectrum (i.e. those who
identify as family-oriented). Therefore, it appears that traditional traits associated with femininity
are less accessible to those women who choose to pursue careers in STEM (O’Connor ef al.,
2018).

However, there are many obstacles in place that may prevent females from ever pursuing
STEM-related careers (Appel & Kronberger, 2012; Makarova et al., 2019). One such obstacle is
stereotype threat. Stereotype threat is a “situational threat” that can “affect the members of any
group about whom a negative stereotype exists” (Steele, 1997, p. 614). Gender can be a major
factor that influences stereotype threat, such as when “one is in a situation that has a risk of being

judged negatively on the basis of stereotypes others may believe about one’s gender” (Sole,

2019, p. 469).
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Women traditionally underperform on STEM standardized assessments, as compared to
men, which leads to a belief that they are less competent (Sole, 2019, p. 469). However, when
exposure to stereotypes is limited rather than reinforced, stereotype threat is lessened, and studies
show that females’ test scores can improve (Sole, 2019). Even students who perform well
academically in STEM can be victimized by stereotype threat. For example, students’ self-
concept in STEM can be diminished due to stereotypes (Ertl ef al., 2017). Self-concept
“comprises a person’s self-assessments in academic domains” (Ertl ef al., 2017, p. 2). Poor self-
concept in STEM is extremely dangerous in educational settings because it can have ripple
effects beyond the classroom. Indeed, research suggests that “women are more likely to re-
evaluate and change their career pathways in response to negative feedback” (Sanabria &
Penner, 2017, p. 2). Therefore, the gendered perceptions of STEM, as detailed in this section, can
affect students’ desire to participate in STEM, whether that be extracurricularly, academically, or
vocationally (Makarova et al., 2019).

Table 2 displays the overarching themes in the literature described in this section.

Table 2

Major Themes in the Literature on Gendered Representations in STEM

Females in STEM Males in STEM
| Females are inferior | Males are superior |
| Females are better suited to verbal domains | Males are better suited to STEM domains |
| Females underperform on STEM assessments | Males outperform females on STEM |
(stereotype threat) assessments

I ] 1
Females in STEM careers are forced to adapt

male characteristics
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2.2 Perceptions and stereotypes of mathematicians

Stereotypes are also prevalent in the specific discipline of mathematics, and in the general
perceptions of mathematicians. One such perception is that there are individuals who can do
math, and there are individuals who cannot do math (Kogelman & Warren, 1978; Newton,
2007). Therefore, mathematicians are regularly juxtaposed with ‘real” or ‘regular’ people, and
individuals are forced to self-identify as either a ‘math person’ or a ‘non-math person’ (Cirillo &
Herbel-Eisenmann, 2011). It is a common belief that mathematics ability is fixed, or assigned at
birth (Sun, 2018). An interview quote from a study by Usher (2009) best summarizes this
misconception: “You know, some people are just so not math. Either you have it or you don’t in
math” (p. 290). This is an extremely dangerous perception for mathematics students, because
inasmuch as ability is seen as fixed and not subject to individual control, ascribing failure to low-
ability leads students to give up” (Newton, 2007, p. 682).

This concept relates to another common stereotype of mathematicians: that they are
naturally brilliant, or geniuses. Mathematicians are seen as “exceptionally intelligent people”
(Piatek-Jimenez, 2008, p. 638). There is a widespread conception that geniuses are born knowing
and understanding complicated mathematics (Sheffield, 2017). It is sometimes believed that
mathematicians are too smart, making them socially inaccessible, and unable to teach anyone
who is below their academic caliber (Picker & Berry, 2000). Notably, a study by Picker & Berry
(2000) engaged almost 500 students (ages 12-13) in the task of drawing their perception of a
mathematician. An overarching pattern was that many students drew a picture of Einstein, thus
highlighting the association with mathematicians and genius.

This perceived brilliance oftentimes coincides with another perception of

mathematicians: Mathematicians possess an almost supernatural power. Their perceived
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brilliance can lead to a stereotype that mathematicians are nearly magical (Picker & Berry,
2000). The idea that all mathematicians are able to carry out complicated mathematics
instantaneously in their heads can be thought of as one of the supernatural abilities of
mathematicians (Kogelman & Warren, 1978). Indeed, “we continue to believe that giftedness is a
mystical power that people are born with and don’t have to work at, and that this is especially
true in the field of mathematics” (Sheffield, 2017, p. 15).

However, outside of their mathematical realm, mathematicians are seen as foolish or
inept, for example, socially. There is a belief that mathematicians lack common sense in ‘the real
world’ (Picker & Berry, 2000). A common stereotype is that mathematicians lack social graces.

29 ¢¢

They are considered to be “misfits,” “abnormal,” “eccentric,” or “bizarre” (Piatek-Jimenez,
2008, p. 638). This coincides with the perception that mathematicians are isolated, solitary, or
introverted (Piatek-Jimenez, 2008).

An even stronger belief about the personalities of mathematicians is the idea that they are
villainous, or seen as mean, rude, or even evil. A number of studies have reflected this belief, and
many of them have involved students drawing a picture of their perceived image of a
mathematician. For example, Picker & Berry (2000) found that students’ drawings and
descriptions of mathematicians portrayed them as angry, or coercive, sometimes even
threatening students in order to make them learn. Similarly, Hatisaru & Murphy (2019) found
that students drew mathematicians in a negative way, even illustrating them as scary creatures or
monsters.

The stereotypes of mathematicians as both brilliant and socially off may explain another

belief about mathematicians: Mathematicians are obsessed with their work. Mathematicians are

considered to be overworked or overstrained (Picker & Berry, 2000). This obsession with their
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work can add to the perception that mathematicians never sleep, or that they only work and sleep,
thus making their work all-consuming (Piatek-Jimenez, 2008). Mathematicians are perceived as
being unable to do anything besides mathematics, and as “always being in their offices, hard at
work” (Piatek-Jimenez, 2008, p. 638).

Despite this perception of mathematicians as obsessed with their work, many individuals
struggle to actually identify what it is that mathematicians do as careers. Thus, there is a
perception of mathematicians as having unclear or difficult to define jobs. Piatek-Jimenez (2008)
found that even mathematics majors had difficulty describing what it means to be a
mathematician. These students “demonstrated frustration and slight embarrassment for having
such difficulty coming up with possible careers that a mathematician might have” (Piatek-
Jimenez, 2008, pp. 637-638). Picker & Berry (2000) asked students when/why one might hire a
mathematician. Many students did not answer this question, and those who did answer indicated
that they did not know the answer. A few students claimed that one would hire a mathematician
for “solving hard problems,” but they struggled to identify any such problems (Picker & Berry,
2000, p. 73).

The beliefs about mathematicians detailed in this section could have dangerous
implications in mathematics education, particularly the idea that mathematical ability is innate,
and that geniuses are born with mathematical prowess. This may cause students for whom
mathematics is more difficult to give up early in their academic careers (Sheffield, 2017).
However, such beliefs could also have unintended repercussions for students who are proficient
in mathematics, as well. In these cases, students who find mathematics extremely easy to grasp
may be discouraged and disheartened the first time that mathematics is challenging for them,

because they believe that “they actually do not have a mathematical mind. Therefore, they don’t
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go on to study real mathematics and never experience the joy that accompanies new hard-won
discoveries” (Sheffield, 2017, p. 15). Furthermore, the concept of mathematicians as one-
dimensional (asocial and obsessed with only math) may deter students who crave a more multi-
faceted approach to life.

Table 3 displays the overarching themes in the literature described in this section.
Table 3

Major Themes in the Literature on Perceptions/Stereotypes of Mathematicians

Perceptions/Stereotypes of Mathematicians
! 1
e Mathematical ability is innate

e Mathematicians are geniuses

e Mathematicians possess supernatural powers

e Mathematicians are socially inept

e Mathematicians are villainous

e Mathematicians are obsessed with their work

e The actual role of mathematicians is unclear to non-mathematicians

2.3 Gender in mathematics

Section 2.1 detailed gendered stereotypes in STEM. This section specifies this theme by
examining existing literature about how gender plays into the field of mathematics, specifically.
Studies have shown that, while STEM disciplines in general are considered more accessible for
males, there are differences between the fields of science, technology, engineering in
mathematics. Notably, in a study by Makarova ef al. (2019), out of mathematics, physics, and
chemistry, mathematics was the most strongly perceived as being correlated with masculinity.
Mathematics is thought of as a domain that is less suited to females than it is to males (Kogelman

& Warren, 1978; Forgasz et al., 2014). Unfortunately, this belief is also held by students,
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regardless of gender (Brandell et al., 2007). Indeed, “in our culture, mathematics and femininity
are discursively incompatible” (Hottinger, 2016, p. 5).

This disregard for females in mathematics manifests early, as evidenced by classroom
studies. A large body of research indicates that “teachers have been found to provide more
encouragement for boys than for girls to learn mathematics” (Fennema et al., 1990, p. 57).
Teachers might have less academic contact with female students in mathematics classrooms and
may give male students more feedback on their mathematics work (Becker, 1981). Notably,
whereas males have been shown to receive more academic contact with teachers in mathematics
lessons, females have been shown to receive more academic contact with teachers in reading
lessons, which harkens back to the gendered perceptions of various academic subjects (Fennema
et al., 1990). Thus, boys may participate more actively in mathematics classrooms, due to the
reinforcement by teachers (Reis & Park, 2001). However, some mathematically skilled females
may not receive necessary encouragement to achieve in mathematics (Reis & Park, 2001).

Teachers who endorse gender stereotypes of mathematics as a male-dominated domain
attributed higher mathematical talents and greater effort in mathematics classes to their male
students (Tiedemann, 2002). Indeed, the concepts of hard work versus natural ability in
mathematics are gendered (Hottinger, 2016). This means that “males tend to attribute successes
to an internal stable cause (ability), and failure to an external, unstable cause (effort). Females
tend to attribute successes to unstable causes (effort and luck) and failures to ability” (Fennema
et al.,1990, p. 58)

Different treatments and perceptions in the classroom might result in females being
unable to see themselves as successful in mathematics. Female students have a lower math self-

concept than their male counterparts (Sax ef al., 2015). In mathematics classrooms, female
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students have been shown to “sit quietly in class rather than demonstrate their knowledge via
class participation” (Hottinger, 2016, p. 5). They are quick to explain away their mathematical
abilities, oftentimes claiming that they are not talented in mathematics because they have to work
hard to succeed, which relates to the misconception that mathematical aptitude is innate
(Hottinger, 2016). Even extremely high-achieving female mathematics students are “unable to
see themselves as ‘good’ at mathematics and none of them described themselves as
mathematicians” (Hottinger, 2016, p. 5).

The deemphasis on mathematical abilities of females could have impacts in mathematics
education. A sense of community is a major factor in retaining mathematics doctoral students,
and “losing people from mathematics because they [feel that] they do not ‘fit in’ might result in
less diversity of mathematical thought amongst those who stay in mathematics” (Herzig, 2004, p.
173). Thus, if mathematics is widely considered a male-centric discipline, females may feel that
they do not fit in the wider mathematical community and may not be able to see themselves as
mathematicians, thus affecting their choices within the classroom and beyond.

Table 4 displays the overarching themes in the literature described in this section.

Table 4

Major Themes in the Literature on Gender in Mathematics

Females and Mathematics Males and Mathematics

| ] 1
Femininity and mathematics do not coincide =~ Mathematics is a masculine discipline

| ] 1
Teachers have less academic contact with Teachers give more encouragement to their

female students in mathematics classrooms male mathematics students

| ] 1
Female students are unable to see themselves =~ Male students have a higher mathematics self-

as being mathematically capable concept than their female counterparts
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2.4 The differences in female and male characters in fiction

The way that females and males are portrayed in fictional works other than plays (movies,
videogames, television shows, books, etc.) helps to illuminate widely-held beliefs about gender
differences. A major theme in fictional works is that female protagonists are far less prevalent
than male protagonists. In videogames, male protagonists (and characters, generally) are found
more frequently. Burgess et al. (2007) found that in the 285 videogames sampled for their study,
there were almost four times as many male characters as female characters, and the male
characters were more involved in the main action of the game. In fact, many female characters in
videogames are non-playable bystanders (Hall & Suurtamm, 2020).

Similarly, female characters have historically been less prevalent than male characters in
children’s books (Hillman, 1974; McDonald, 2010). Hamilton ez al. (2006) examined 200
children’s books from the year 2001 and found that there were almost twice as many male title
and main characters as female title and main characters. Furthermore, male characters were even
more prevalent in the illustrations in these books (Hamilton et al., 2006). This
underrepresentation of females in children’s books has persisted over time. In a study examining
3,280 children’s books from 1960-2020, Casey et al. (2021) found that even in recent years,
male protagonists are dominant.

Of the portrayals of females in fictional works, there is an overarching focus on the physical
traits of the female characters. Videogames commonly portray females as “highly feminized (e.g.
princesses, wearing dresses)” (Hall & Suurtamm, 2020, p. 11), or as exaggeratedly sexualized
(Burgess et al., 2007; Miller et al., 2016). Movies also depict females as sex symbols or
commodities (Manzoor et al., 2016), which can be a dehumanizing portrayal. This hyper-sexual

depiction of females in movies can also be illustrated via costuming, oftentimes with revealing

20



outfits (Miller et al., 2016). Kumar et al. (2022) analyzed over 180,000 sentences from movie
plots from 1940 to 2019, and found that, while associations of female characters as physically
beautiful are declining over time, the associations of female characters as sexual are increasing
over time. The same can be said of television, even in shows targeted towards pre-teenagers. In
such shows, females are portrayed as better looking and more concerned about their appearance,
as well as receiving more comments about their looks (Gerding & Signorielli, 2014).

In fictional works, males are largely depicted as more heroic and powerful than their female
counterparts. In children’s books, the jobs that the male characters held tended to be jobs that are
associated with power and prestige (Hillman, 1974). Furthermore, Miller et al (2016) examined
147 superheroes in 80 superhero movies. They found that male heroes were much more common
than female heroes. For those female heroes that were shown in these movies, they were more
likely to work as part of a larger group, whereas male superheroes were shown as working alone
(Miller et al., 2016). This independence is perhaps due to the fact that the male superheroes were
shown to be more powerful and strong (Miller et al., 2016).

Conversely, the female characters in fictional works were portrayed as more sensitive,
helpless, and domestic than their male counterparts. In the driving videogame, Mario Kart, the
more docile, fragile, elegant nature of the female characters is even reflected in the “vehicles that
are more ‘delicate’ than those driven by the boys/men in the game” (Hall & Suurtamm, 2020, p.
11). In books, female characters are represented as nurturing, and are generally found in the
house, or otherwise indoors (Hamilton et al., 2006). Furthermore, within children’s books, the
jobs held by females are largely domestic in nature (Hillman, 1974), and more females than

males have no paid occupation whatsoever (Hamilton ef al., 2006). In movies, female characters
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are depicted as romantic (Kumar et al., 2022), innocent, afraid, or even helpless (Miller et al.,
2016), which is in direct contrast to the heroic depictions of their male counterparts.

Such gendered representations in the media can impact the ways that young people perceive
themselves. Seeing stereotypical gender representations in fictional works can lead to a greater
endorsement of traditional gender roles (Taylor & Setters, 2011). Empirical evidence confirms
that stereotypical ideas about gender roles can affect the way that one views themself, and others
(Ellemers, 2018).

Table 5 displays the overarching themes in the literature described in this section.
Table 5

Major Themes in the Literature on the Differences in Male and Female Characters in Fiction

Female Characters Male Characters

| | 1
There are fewer female protagonist There are more male protagonist
characters characters

| | 1
There is a focus on the physical traits of There is little focus on the physical traits
female characters of male characters

I 1 I
Female characters are Male characters are heroic/powerful

sensitive/helpless/domestic

2.5 The perceptions of mathematicians in mediums other than plays

Mathematicians have been portrayed through various mediums, such as movies, books,
television shows, advertisements, etc. Within these media portrayals, several representations or
stereotypes emerge, some of which echo the research detailed in section 2.2. For example, the
theme of mathematicians as geniuses is also prevalent in media representations. In fact, some
media portrayals show mathematicians as “human calculators,” who hardly need to think in order
to synthesize difficult mathematics (Hall & Suurtamm, 2020, p. 10), thus making mathematics
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seem inaccessible to a majority of people (Mendick et al., 2008). In media, math is often
“represented as a secret language, mystical, even magical, difficult and aesthetically satisfying to
those (few) who understand it” (Epstein et al., 2010, p. 47).

This inaccessibility is portrayed in many films and is even displayed through cinematic
techniques. For example, in movies, one editing trope is to “flash jumbled and complex
mathematical symbols across the screen to signify the mental calculations,” which depicts
mathematics as “a mystical subject beyond the corporeal world and reserved for the enlightened
few who can understand it” (Barba, 2018, p. 11). Furthermore, mathematical understanding in
media seems to transpire in a sudden instant, almost appearing as divine inspiration (Mendick et
al., 2008; Fellus et al., 2022), oftentimes even for individuals with no formal training (Wilson &
Latterell, 2001).

This supernatural ability can correspond with another portrayal of mathematicians in media:
the portrayal of mathematicians as mentally ill or ‘insane.’” In media portrayals, “higher
mathematics is often connected to mental instability — if not downright mental illness” (Pantsar,
2016, p. 411). Such mental health problems may include obsessiveness (Wilson & Latterell,
2001; Mendick et al., 2008), fragility (Mendick et al., 2008), schizophrenia/paranoia (Wilson &
Latterell, 2001; Pantsar, 2016), or just general ‘madness’ (Epstein et al., 2010; Barba, 2018;
Haynes & Haynes, 2022). Indeed, mathematicians in media are generally “troubled individuals”
(Wilson & Latterell, 2001, p. 173).

Beyond mental instability, mathematicians also are portrayed in media as struggling socially.
Often, mathematicians are represented in media as being on the autism spectrum, as seen in the
film Rain Man, and in the novel (and corresponding theatrical adaptation) The Curious Incident

of the Dog in the Night-Time (Barba, 2018). More generally, mathematicians are shown as odd,
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quirky, or eccentric (Epstein ef al., 2010). This can lead to the stereotype that mathematicians are
asocial (Pantsar, 2016) or socially incompetent (Wilson & Latterell, 2001; Mendick et al., 2008;
Epstein et al., 2010; Hall & Suurtamm, 2020; Fellus ef al., 2022; Haynes & Haynes, 2022). Such
social ineptitude would indicate that the mathematicians shown in media are deemed as unable to
enjoy a normal life (Pantsar, 2016). In fact, there is a prevalent “image that mathematics stands
in the way of finding happiness” (Pantsar, 2016, p. 431).

Perhaps the most common word associated with media representations of mathematicians is
‘nerd’ (Wilson & Latterell, 2001; Hall & Suurtamm, 2020). Mathematicians are often portrayed
as “stereotypical nerds who are socially awkward, unappealing as romantic partners, and
interested in nerdy pursuits” (Hall & Suurtamm, 2020, p. 11). These nerdy or geeky portrayals
are often used for comedic purposes, using mathematicians as a punchline (Wilson & Latterell,
2001). Interestingly, these nerdy representations are primarily reserved for male mathematicians
in media. In fact, Hall & Suurtamm (2020) found that in the over 40 media examples that they
explored (including movies, television shows, books, video games, and websites), there were no
examples of males who were “depicted as being both cool and good at mathematics” (p. 11), thus
making mathematics and coolness seem mutually exclusive.

A pervasive media portrayal of female mathematicians is in direct contrast to this nerdy
stereotype. Female mathematicians are “not depicted in stereotypical ways, such as being
socially awkward, unattractive to romantic partners, mentally ill, and/or obsessed with
mathematics. Rather, they [are] socially adept and conventionally attractive” (Hall & Suurtamm,
2020, p. 11). In fact, there is generally an element of “hyper-attractiveness” associated with these
female mathematicians (Mendick et al., 2008, p. 27). Lesser (2014) details a mathematics

jokebook in which female mathematicians are referred to as explicitly female, whereas male
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mathematicians are referred to simply as mathematicians. Furthermore, the jokes in this book
consistently reference the appearance of the female mathematicians, often describing them as
cute or attractive, whereas the physicality of male mathematicians is not referenced. This focus
on the physical attributes and sexuality of female mathematicians is divisive. In one way, it
challenges stereotypes by showing a mathematician who is both attractive and intelligent
(Mendick et al., 2008). Alternatively, “the feminine attributes and conventional beauty may also
indicate a narrow standard to which girls and women must adhere, even with (or perhaps because
of) their success in a field that continues to be portrayed as masculine” (Hall & Suurtamm, 2020,
p. 11).

However, the dominant stereotype of mathematics as a male domain does persist in media
representations. Most mathematicians in media are male, and the contributions of female
mathematicians are downplayed, if referenced at all (Mendick et al., 2008). Women are rendered
subordinate to men in many media representations, oftentimes via their “positioning as
appendages to 'greater’ male mathematicians” (Mendick ef al., 2008, p. 26). Even advertisements
that are targeted for females display negative messages about mathematics, thus reinforcing this
gender stereotype of females as mathematics-averse (Hall, 2021). Not only does media
perpetuate the idea of mathematicians as largely male, but it also portrays mathematicians as
largely white (Mendick et al., 2008; Epstein et al., 2010; Barba, 2018). Indeed, “popular culture
texts strongly support the association of mathematics with masculinity, and also with Whiteness,
middle-classness and heterosexuality” (Mendick et al., 2008, p. 26).

Such media portrayals of mathematicians can have major repercussions, both in and out of
the classroom. Negative stereotypes in media “of those who are good at mathematics may further

serve to make mathematics unappealing, particularly to young people... who are going through a
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targeted period of identity formation” (Hall & Suurtamm, 2020, p. 11). Both men and women
gain a sense of their own mathematical abilities primarily from external factors (Mendick et al.,
2008), and what is portrayed in the media may impact who is able to see themselves as having
mathematical potential.

The stereotypes reflected in media have the power to negatively influence student
performance in mathematics classrooms, particularly for female students (Reis & Park, 2001).
The influence of media, while a potential hindrance in mathematics education, must be
something that mathematics educators reclaim as a teaching tool, rather than something that they
“accept as an encroachment on their individual authority” (Applebaum, 1995, p. 47). Just as
negative media portrayals of mathematicians can deter students from pursuing mathematics (both
academically and vocationally), positive media portrayals of mathematicians may inspire
opposite reactions.

Table 6 displays the overarching themes in the literature described in this section.
Table 6

Major Themes in the Literature on the Perception of Mathematicians in Mediums Other than

Plays

Female Mathematicians Both Female and Male Male Mathematicians
Mathematicians

| I |
Female mathematicians are Mathematicians are Male mathematicians are
attractive geniuses nerds

I I |
Female mathematicians are Mathematicians are Male mathematicians are
subordinate mentally ill/unstable dominant

! | !
Mathematicians are socially

off
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2.6 Mathematics self-concept

Self-concept “comprises a person’s self-assessments in academic domains” (Ertl ef al.,
2017, p. 2), and significant research explores individuals’ mathematics self-concept, and what
can affect it. One such factor that can impact mathematics self-concept is parental or familial
influence (Rinn et al., 2013). For example, parental pressure can increase mathematics anxiety in
students, and thus lead to a lower mathematics self-concept, whereas parental support can
decrease mathematics anxiety in students, and thus lead to a higher mathematics self-concept
(Wang et al., 2021). Parental support in mathematics can take many forms, including fostering a
home environment in which mathematics is regarded as important and exciting. For example,
“children who frequently played mathematics-related games, or who frequently did mathematics-
related activities, might develop familiarity and, consequently, feel more confident in their
abilities” (Mejia-Rodriguez et al., 2021, p. 1232).

Similarly, teachers and schools can impact students’ mathematics self-concept. Szumski
& Karwowski (2019) found that, when teachers have higher expectations, students have an
improved mathematics self-concept, and this can be seen both on an individual and class-wide
level. Unfortunately, a poor mathematics self-concept due to mathematics anxiety can often be
traced back to negative experiences in elementary mathematics classrooms (Morris, 1981).

Furthermore, the portrayals of mathematics and mathematicians in the media can affect
students’ mathematics self-concept. For example, the portrayal of mathematics as a male
dominated field may negatively impact the mathematics self-concept of female students
(Mendick et al., 2008; Ellemers, 2018; Hall & Suurtamm, 2020). Also, the portrayal of

mathematicians as innately brilliant can be harmful for students’ mathematics self-concept. For a
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student who is struggling, such media representations can cause feelings of helplessness or defeat
(Sheffield, 2017).

Poor mathematics self-concept can have major repercussions in mathematics education.
Mathematics self-concept has a direct impact on student achievement, thus potentially creating a
self-fulfilling prophecy of poor self-concept and low achievement (Skaalvik & Skaalvik, 2006).
Motivation to participate in mathematics can also be affected by mathematics self-concept,
because if students are unable to see themselves as mathematically competent, they may have
little desire to pursue the subject (Skaalvik & Skaalvik, 2006). If students have little motivation
due to poor mathematics self-concept, this can lead to a loss of students in higher-level
mathematics programs, or, conversely, if students have a better mathematics self-concept, they
may be more likely to pursue STEM-related fields (Umatrji et al., 2018).

2.7 The role of plays in education

Plays have historically been taught in literature and English courses, both at the high
school and university level (O’Toole & O’Mara, 2007). Plays can be taught in classrooms via
reading as a literary text or watching filmed or live stage performances (O’ Toole & O’Mara,
2007). Perhaps a goal of this staple in curriculum is that “students should be given access to and
perhaps experience of this classic art form as part of their cultural heritage” (O’Toole & O’Mara,
2007, p. 205). Thus, it is important to expose students to dramatic literature during their
education, hopefully helping them to establish an appreciation for this medium.

Therefore, plays in education can be a useful tool across disciplines. For example, plays
have been used to engage students in undergraduate history courses (Fischer & Spector, 2001;
Kisida et al., 2020). Plays are particularly appropriate in a history classroom because they can

help students to understand the insights and values of the characters within their society. It also
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allows history students to critically analyze the playwright’s interpretation of a period (Fischer &
Spector, 2001). Thus, the plays serve not only as a method of entertainment, but also as a
historical research tool. Indeed, plays “ground students in the time, place, and state of mind of
the characters” which can provide meaningful historical insight (Fischer & Spector, 2001, p. 61).
In fact, this interdisciplinary approach can result in “students [demonstrating] increases in
historical content knowledge, enthusiasm for learning about history, historical empathy, and
interest in the performing arts” (Kisida et al., 2020, p. 1).

Perhaps a less obvious, but equally impactful, use of plays in the classroom is the
incorporation of plays in medical school curriculums. A study by D’ Alessandro & Frager (2013)
gave medical students the opportunity to engage with a play that detailed the verbatim
experience of a patient. The medical students felt as though this was a useful learning
experience, particularly because of the realistic storytelling, and the insight that it provided into
the patient’s personal experience. Therefore, many of the medical students confirmed plays as a
valuable modality for teaching and learning.

It is possible that plays may engage mathematics students in similarly impactful ways.
Indeed, utilizing different mediums to facilitate mathematics learning can help to “create spaces
for learners’ own views and... give people alternatives to the current limited range of ways of
relating to mathematics” (Mendick ef al., 2008, p. 9). In examining mathematics through the
itersection of two distinct domains, in this case the intersection of mathematics and theater, new
truths can be illuminated about both mediums — the mathematics content and the play itself
(Aharoni, 2014).

Table 7 displays the overarching themes in the literature described in this section.
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Table 7

Major Themes in the Literature on the Role of Plays in Education

English Courses History Courses Med School Courses
! | ! 1
Plays as literature are staples in  Plays can reveal insights Plays are a valuable modality
curriculum about values of a with which to engage medical
character/society students

Plays expose English students to IHis‘tory students can think  Plays provide realistic

this culturally relevant medium critically about the ways in  storytelling and specific
which playwrights depict a  insights into a patient’s
story/time period personal experience

| 1 1
Plays ground students in a

specific time, place, and
perspective

2.8 Situating the current study

The current study aims to address gaps in the aforementioned literature. Figure 1 provides

a visual representation of the gap.

30



Perceptions of Mathematicians

Perceptions of Female

Mathematicians .
Perceptions of

Mathematicians in Media

Perceptions of
Mathematicians in

Perceptions of Male Plays?
Mathematicians

Figure 1. Gap in the Literature

There are certain perceptions of mathematicians. Within these perceptions, some are
related to female mathematicians, and some are related to male mathematicians. Within these
overall perceptions of mathematicians are the perceptions of mathematicians as represented in
the media (i.e. movies, books, television, plays, etc.). However, the lack of research on how
mathematicians are portrayed in plays means that there is a missing component in our
understanding of how mathematicians are perceived in the media, and thus in our wider
understanding of how mathematicians are perceived. Therefore, this current study addresses this
gap in the literature.

Figure 2 exemplifies the interplay between the perceptions of mathematicians, the
stereotypes about mathematicians, and the portrayals of mathematicians in the media, and how
all three can influence and bolster one another. Furthermore, all three of these ideas can impact

the mathematics self-concept, of an individual, or of a larger group of individuals (such as
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female mathematicians). Self-concept can, in turn, have an impact on mathematics education,
specifically affecting students’ mathematics performance and achievement, students’ motivation

to learn mathematics, and the retention of students in mathematics programs.

Perceptions of
Mathematicians

Mathematics Education

Mathematics
Performance/Achievement

Portrayals of Stereotypes about
Mathematicians in Mathematicians
Media

Motivation to Learn
Mathematics

Retention in
Mathematics Programs

Mathematics
Self-Concept

Figure 2. Interplay Between Big Ideas
Without robust research indicating how mathematicians are portrayed in plays, it is
impossible to have a comprehensive understanding of how mathematicians are portrayed in
media, and furthermore, how mathematicians are perceived overall. Therefore, this study
attempts to add to the knowledge of media portrayals of mathematicians by examining an
otherwise unexplored medium. This can lead to new, richer ideas about perceptions of
mathematicians, stereotypes of mathematicians, and the effect that these may have on

mathematics self-concept in students (and non-students).
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Chapter 3: Methodology

This chapter provides a detailed description of the methodology used for this study about
the development and representation of mathematicians in plays, specifically by comparing
female mathematicians to their male counterparts. The study was guided by the following
research questions: 1) How do the developments of female and male mathematician characters
compare across individual plays?; 2) How do playwrights develop the characters of female and
male mathematicians in contemporary plays?; and 3) What are the ways in which female and
male mathematicians are represented in contemporary plays? The chapter comprises the
following major sections: 1) Research design; 2) Selection of plays; 3) Data coding process; 4)
Addressing research questions; and 5) Summary.

3.1 Research design

My worldview is social constructivism, therefore I seek understanding of the complexity
of views, rather than looking for definitive answers (Creswell & Creswell, 2018). This was
particularly useful in analyzing the characters in plays because it allowed me to gain a richer
understanding of each character as a multifaceted individual, rather than as a one-dimensional
oversimplification. This fits within the sequential mixed methods content analysis research
design, because it let me deeply interact with my chosen research topic. I was able to search for
meanings and themes, first by quantitatively analyzing my findings, and then by using qualitative
methods to explain those findings. A content analysis methodology is appropriate because it is
unobtrusive (Krippendorff, 2004). Whereas a great deal of research regarding mathematics
identity and beliefs about mathematicians involves interviews, surveys, etc., in which
participants may be swayed by a variety of factors, content analysis allowed me to engage

directly with the plays.
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Furthermore, content analysis is well-suited for the goals of this study, because it can be
used to identify the intentions and characteristics of the communicators (Berelson, 1952), or
playwrights in this case, as explored in Research Question 1 (How do the developments of female
and male mathematician characters compare across individual plays?) and in Research
Question 2 (How do playwrights develop the characters of female and male mathematicians in
contemporary plays?). Content analysis can also be used to reflect the cultural patterns of
attitudes and beliefs surrounding certain topics (Berelson, 1952), as was the goal of Research
Question 3 (What are the ways in which female and male mathematicians are represented in
contemporary plays?).

Content analysis started as a quantitative methodological practice in the middle of the
twentieth century (George, 1959; Krippendorft, 2004). Specifically, researchers used content
analysis quantitatively by using frequency analysis, or exploring the number of times certain
words and phrases are used in a text (George, 1959; Mayring, 2015). However, challenges with
this approach include that it is difficult to understand the context or meaning of a word or phrase
with counts alone. Mayring (2015) provides the example, “‘I am afraid of X’ or ‘X is afraid of
me,” ‘afraid’ is counted once in each case,” though the meanings of these two phrases are the
exact opposite (p. 368). Thus, a purely quantitative approach to content analysis would not fit
within my social constructivist worldview, because it does not allow for nuance.

Qualitative content analysis is focused on a deeper analysis of the text, usually
characterizing parts of the text by organizing them into distinct categories that reveal something
about the meaning of the words. If this “technical fuzziness” seems vaguely described, it is
because “qualitative content analysis is not a rigidly delineated technique, but a process in which

new decisions regarding basic procedure and individual stages of analysis constantly have to be
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made” (Mayring, 2015, p. 372). While a qualitative approach to content analysis may allow for
some nuance, I also wanted to make sure to have procedural rigor, to avoid the methodological
“fuzziness” that Mayring discusses.

Therefore, I have utilized a sequential mixed methods content analysis in this study,
meaning that I first used quantitative methods, and then described and contextualized those
findings using qualitative methods. Research Questions 1 and 2 used the quantitative methods of
frequency and percentage distribution analysis to find the categories of characteristics that are
most commonly utilized to develop mathematician characters in plays. The results of this
analysis were explained using the themes found in Research Question 3, which contextualized
how exactly the characterization categories manifested in the texts. Indeed, “Content analysis is
not a standardized instrument that always remains the same; it must be fitted to suit the particular
object or material in question and constructed especially for the issue at hand” (Mayring, 2015,
p. 370). I have found a way to best tailor content analysis to the goals of this study.

3.2 Selection of plays

This section describes the selection of the plays used for the study, specifically the
criteria for how they were selected, and a brief summary of each play (both plot and production
history).

3.2.1 Criteria for selection of plays

I conducted a systematic review of documents in the Database of Mathematical Fiction,
curated and maintained by Dr. Alex Kasman of the College of Charleston (Kasman, n.d.).
Kasman is a mathematics professor at the College of Charleston, who, besides his pure
mathematics research interests, created the database as a place for math-enthusiasts to find

fictional works highlighting mathematics. According to Swallow (2006), Kasman’s Database of
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Mathematical Fiction is “widely-recognized” (p. 761) as a useful resource for finding works of
mathematical fiction. It is considered a “veritable cornucopia of information about mathematics
in fiction... the best and most accurate resource for mathematical fiction” and is “frequently
cited in studies” (Nuessel, 2019, p. 216). The database is updated regularly, and as of April 2025,
it had over 1,600 entries, 71 of which are plays. The database allows the user to search via
mathematical topic, author, genre, medium, etc.

I selected the plays for analysis that met all the following criteria: 1) Have both female
mathematicians and male mathematicians (either fictional or historical) as primary roles. I
wanted to have a controlled variable (i.e. same author) so that I could see the explicit differences
between the female and male characters within each play.; 2) Are straight plays (straight plays
are non-musicals). Including musicals would require analyzing the libretto via music theory and
composition for a robust understanding of the piece and, while likely an interesting exploration,
this does not fit the goals of this study.; 3) Originated as plays (i.e. were not based on movie
scripts or novels). This allowed for new (potentially different) results on a unique medium, that
are not directly related to existing research on movies about mathematicians, books about
mathematicians, etc.; 4) Are written/translated in English.; 5) Were published by theater
publishing houses that are recognized by the Dramatists Guild. The Dramatists Guild is the
“national, professional membership trade association of theatre writers including playwrights,
composers, lyricists, and librettists” (Dramatists Guild, n.d.), so the plays published by these
recognized publishing houses are of a more reliable caliber (i.e. not self-published).; and 6) Are
contemporary plays. I defined contemporary plays using the criterion of Laera (2020) “as

inclusive of both plays by living authors and plays written in the past 20-30 years” (p. 1). While
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these contemporary plays may not be set in the current day, they still help to illuminate modern
ideas about perceptions of mathematicians in history.

Seven plays met these criteria and were selected for the study. These are the only seven
plays that met all six criteria, therefore it is an exhaustive list. Table 8 provides the list of the
seven plays, with some additional information.

Table 8

The Plays in the Study

Play Playwright Time Number of Words in
(Publication Year, (Gender, Nationality) Period Play
Premiere Year) Setting
I ] 1 ]
Arcadia Tom Stoppard (Male, British) 1800s-1810s 27,847
(1993, 1993) / Present
I ] ] ]
The Five Hysterical Rinne Groff (Female, American) 1910s 16,818

Girls Theorem
(2006, 2000)

|
Proof David Auburn (Male, American) Present 17,398
(2001, 2000)

I ] ]
A Disappearing Simon McBurney (Male, British) 1910s/ 18,388
Number Present
(2008, 2007)

]
Victoria Martin: Kathryn Walat (Female, Present 15,483
Math Team Queen  American)
(2007, 2007)

| | I
Mathematics of the  Kefi Chadwick (Female, British) Present 12,822

Heart
(2010, 2011)

I I
Ada and the Engine Lauren Gunderson (Female, 1830s-1850s 17,955
(2018, 2016) American)
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In examining only seven plays, I was able to engage deeply with each text (as seen in Table 8§,
each play was between 10,000 and 30,000 words, and each line in every play was subject to
coding).
3.2.2 Brief description of the plays in the study

In this section, I provide a brief summary of the plays selected for this study. The
Appendix provides more detailed summaries of the plot and characters for each play. These
seven plays were sufficient to address the research questions because they all have both male and
female mathematician characters, thus allowing me to compare between the two genders for each
play, and collectively. Furthermore, the plays are diverse in setting, time period, character ages,
etc., thus leading to a richer data sample.

Arcadia by Tom Stoppard

Arcadia, written by Tom Stoppard, premiered at London’s Royal National Theatre in
1993. It received the Olivier Award for Best New Play. It came to Broadway in 1995, and was
nominated for the Tony Award for Best Play

Arcadia takes place in both 1809 and the present, and the story grapples with themes of
math, poetry, science, sex, and how they all relate to the entropic forces of time. Central
characters in the 1809 plot include Thomasina Coverly, a curious young woman with innate
mathematical talents, and her tutor in mathematics, Septimus Hodge. Together, they work
through Thomasina's precocious queries, many of which are mathematical. In the present
storyline, Valentine is a graduate student in mathematics who finds and studies mathematics
notebooks that once belonged to Thomasina.

The Five Hysterical Girls Theorem by Rinne Groff
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The Five Hysterical Girls Theorem by Rinne Groff premiered Off-Broadway in 2000 at
Target Margin Theater. It was published by Playscripts, Inc. in 2006.

The Five Hysterical Girls Theorem takes place during a mathematics conference at a
hotel in England. Moses Vazsonyi, a renowned mathematician, brings his family with him for his
lecture at the conference. Throughout the play, the mathematical prowess of his 11-year-old twin
daughters underscores the central plot. At the conference, many mathematicians gather to discuss
their work, both male (Vittorio Veronese, Claudio Veronese, Filipio Veronese, Botte Van
Vriesland, Ramachandra, Pierre Louis le Blanc de Fontanelle, and three separate men, all named
Nikolai Nikolaiovitch) and female (Lady Camilla Goldsworthy Lowes Love).

Proof'by David Auburn

David Auburn’s Proof premiered at the Manhattan Theatre Club in 2000 and transferred
to Broadway later that year. It has been one of the longest running Broadway straight plays of the
21st century. It is heavily-decorated, having received the Tony Award for Best Play and the
Pulitzer Prize for Drama.

In Proof, Catherine, a mathematically gifted, yet aimless, woman in her mid-twenties,
struggles with the death of her mentally ill, genius father, Robert, who was a mathematics
professor. She is left in his house, along with her sister, Claire, and Hal, a mathematics professor
and a former student of Robert’s, to sort through Robert’s work, both from lucid years, and
otherwise. When a revolutionary proof is discovered among these files, Catherine claims she
wrote it. The other characters must then figure out whether or not to believe this claim.

Proof was used as the play for the pilot study, which is described in the next section
(Section 3.3.2).

A Disappearing Number by Simon McBurney and Complicité

39



A Disappearing Number was devised and written by the collaborative theater company,
Complicité. Playwright Simon McBurney served as the director of the original production. The
play premiered at Theatre Royal in 2007, and received the Olivier Award for Best New Play. It
transferred to Lincoln Center in 2010. It was published by Oberon Books Ltd. in 2008.

A Disappearing Number transcends time and space, following present-day
mathematician, Ruth, and her personal and mathematical problems, and mathematician G.H.
Hardy in 1914 Cambridge as he pursues the partnership of famous Indian prodigy, Srinivasa
Ramanujan.

Victoria Martin: Math Team Queen by Kathryn Walat

Kathryn Walat’s play, Victoria Martin: Math Team Queen, premiered in 2007 Oft-
Broadway at The Women'’s Project (now known as WP Theater), which is a theater group
dedicated to promoting the work of female playwrights and artists. It was published by Samuel
French in 2007.

Victoria Martin: Math Team Queen follows 10th-grader, Victoria Martin, who is the
most popular girl at her high school. Her popularity is tested, however, when she is forced to
become the first and only female member of her school’s math team. Alongside her male cohorts
on the math team (Peter, Max, Franklin, and Jimmy), her immense mathematical abilities are
discovered and illuminated.

Mathematics of the Heart by Kefi Chadwick

Mathematics of the Heart by Kefi Chadwick was published by Bloomsbury Publishing in
2010. It premiered at the Brighton Fringe Festival in England in 2011.
The play follows mathematician, Dr. Paul MacMillan, who is dealing with his

relationships (primarily with his brother and his girlfriend) after the death of his father. His
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female graduate student assistant, Zainab, becomes intertwined with Paul’s personal life
throughout the course of the play, as she begins dating Paul’s brother.

Ada and the Engine by Lauren Gunderson

Lauren Gunderson’s Ada and the Engine was published in 2018 by Dramatists Play
Service Inc. It was first performed by Central Works in California in 2016.

Ada and the Engine highlights the real life of Ada Lovelace, mathematician and daughter
of poet, Lord Byron. The play follows Ada as she navigates both her romantic and professional
life alongside her closest friend and mathematical mentor, Charles Babbage.

3.3 Data coding process

Analysis of the plays was conducted using the characterization framework (Smiley, 2005)
as the basis for the codebook. This framework from Smiley’s Playwriting: The Structure of
Action has historically been used by writers as “an encyclopedia of principles or a guide to
dramatic structure” (Smiley, 2005, p. xi). The book functions as an exploration of the intellectual
tools that playwrights can utilize, including in their development of characters. The
characterization framework describes the way that playwrights “approach the work of building
characters” and how they can “find ways to differentiate one from another” (Smiley, 2005, p.
128). The framework includes six categories, which are considered traits. Smiley defines traits as
“specific characteristics of the personages that a writer can concretely insert into a playscript” (p.
134). The following subsection describes these categories of traits in detail.

3.3.1 Descriptions of Smiley’s categories of traits

The first category is biological traits. These “establish a character as a biological being”

(Smiley, 2005, p. 128), which can include factors such as species (human, animal, etc.), or

gender (male, female, etc.).
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The second category is physical traits. These traits encompass any physical quality of a
character, including age, size, height, weight, attractiveness, race, posture, etc. Factors such as
vocal quality and physical qualities of movement are considered physical traits. Smiley also
defines physical traits as including health, sickness, disabilities, etc. As an example, he
references that, in William Gibson’s play, The Miracle Worker, Helen Keller’s deafness,
dumbness, and blindness would all be considered physical traits. Finally, factors such as clothing
would fall under physical traits as well.

The third category is dispositional traits. These traits refer to a character’s basic mood,
attitude, or personality. As a simple example, Smiley references six of the seven dwarves in
Snow White: Happy, Dopey, Sleepy, Sneezy, Grumpy, and Bashful (Doc is not included). All six
of these titles are in direct reference to dispositional traits held by each character, respectively.
Of course, some dispositional traits may not be stated as explicitly, but rather, can be inferred
from lines of dialogue and stage directions.

The fourth category is motivational traits. These include a character’s desires, which
could be an instinctual basic drive, an emotional want, or the desired end goal. Motivational
traits can be represented as spoken lines, or they can be implied.

The fifth category is deliberative traits. Broadly, these include the characters' thoughts
and ideas. The category of deliberative traits is broken into two sub-categories: expedient
thought and ethical thought. Expedient thought refers to logical, realistic thoughts about how to
accomplish something. Ethical thought refers to moral thoughts about whether or not something
should be accomplished.

The final category is decisive traits. Broadly, decisive traits refer to actionable decision

making. The category of decisive traits is broken into two sub-categories: expedient decisions
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and ethical decisions. Expedient decisions refer to logical, realistic actions towards
accomplishing something. Ethical decisions refer to actions motivated by moral principles.
3.3.2 Codebook

The codebook shown in Table 9 was used for my current study. The categories and
descriptions are taken directly from Smiley’s framework. The use of this characterization

framework as the basis for a codebook is a novel use.

Table 9
Codebook
Category Description Codes Examples
! | | !
Biological Establish a character as a BIO ROBERT: I'm your old man. (p.
biological being (species, 7)
gender, etc.)
Physical Any physical quality (age, PHYS HAL: I’m twenty-eight, all right?
race, height, weight, (p- 17)
attractiveness, health,
clothing, voice, etc.)
Dispositional Basic mood/attitude, DISP  CATHERINE: I'm glad he’s
personality, etc. dead.
HAL: I understand why you’d feel
that way.
CATHERINE: F*** you. (p. 19)
Motivational Desires, goals, etc. MOT ROBERT: No. I hope you’re not
spending your birthday alone. (p.
7)
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Deliberative
o Expedient

Traits

e FEthical
Traits

Decisive

o Expedient
Traits

e FEthical
Traits

Thoughts, ideas, etc.

Refer to logical,
realistic thoughts
about how to
accomplish
something

Refer to moral
thoughts about
whether or not
something should be
accomplished

Actionable decisions, etc.

Refer to logical,
realistic actions
towards
accomplishing
something

Refer to actions
motivated by moral
principles

DEL-
EXP

DEL-
ETH

DEC-
EXP

DEC-
ETH

HAL: You're right. Okay. Here's
my suggestion. [ know three or
four guys at the department, very
sharp, disinterested people who
knew your father, knew his work.
Let me take this to them. (p. 62)

CLAIRE: He was ill. He should
have been in a full-time
professional-care situation.
CATHERINE: He didn't belong in
the nuthouse. (p. 44)

Eventually she opens the book,
turns the pages slowly, finding a
section. (p. 83)

HAL: You’re right. (He gives her
the book.) 1 thought you might
want to see it. I shouldn’t have
tried to sneak it out. Tomorrow I
was going to — it sounds stupid
now. | was going to wrap it.
Happy birthday. (p. 23)

To account for the nuances of thoughts and actions, the sub-categories for deliberative

traits and decisive traits each were assigned their own codes, making eight the total number of

codes used for the study. The examples that are listed in Table 9 are from my own coding of

Proof (Auburn, 2001). To validate the codebook, I ensured inter-coder agreement using an

independent trained coder, and had an expert rigorously review my coding for one entire play to
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ensure that it was systematic, consistent, and grounded in the established codebook. More
information on such validity and reliability steps is detailed in Section 3.5.
3.3.3 Description of the pilot study

The purpose of the pilot study was to develop and test the codebook developed based on
Smiley’s characterization framework by exploring the representations of mathematicians in the
play Proof’ by David Auburn. In exploring the use of the framework, codebook, and
methodology in one play, I aimed to ensure that these choices would be suitable for a full study
analyzing a larger number of plays. A content analysis methodology was utilized to address the
following research question: How does Proof represent female mathematicians? At the time, I
was only considering female mathematicians (whereas my current study examines both female
and male mathematicians).

I developed the codebook by creating a code for each category in Smiley’s
characterization framework. The deliberative and decisive categories were split into two codes
each to account for their sub-categories, so there were eight codes total. I then coded every line
in the play using a priori coding. The coded lines and chunks of dialogue and stage directions
were sorted and clustered together by code, and then relationships between the clusters, and
relationships within the clusters between the codes, were identified with axial coding to identify
recurring themes.

The following three themes of how female mathematicians are represented in the play
Proof emerged from this analysis: 1) Female mathematicians are struggling with mental health;
2) Female mathematicians are subordinate/underestimated in the field; 3) Female mathematicians

are rude/socially disconnected.
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3.3.4 Types of units for coding

Content analysis methodology requires one to code units of the text. The first type of unit
1s a sampling unit, which are units that are selected to be included in the analysis (Krippendorff,
2004). For this study, my sampling units were the seven plays selected for analysis.

The second type of unit is a recording unit, which are essentially the units that are coded.
Recording units can be of varying lengths (i.e. words, sentences, phrases), depending on the
goals of the researcher (Krippendorff, 2004). The recording units are contained within the
sampling units. For this study, my recording units included words, sentences, or phrases within
dialogue and/or stage directions, all contained within the sampling units of the seven plays.

Context units are the units that provide the context for a given recording unit or code
(Krippendorff, 2004). For example, if [ were examining the word “friend,” the context is
different for, “MAX: ...Franklin has been my best friend since he moved in two houses down
from mine when we were seven” in Victoria Martin: Math Team Queen (Walat, 2007, p. 54),
and “CATHERINE: Because in order for your friends to take you out you generally have to
have friends” in Proof (Auburn, 2001, p. 7). If I were examining only the word “friend” as a
recording unit, without taking into account the context units of the surrounding lines of dialogue,
I would fail to see that the former establishes two characters as best friends, whereas the latter
establishes a character as having no friends. Thus, I took the context units to be the scenes,
dialogues, or lines in which the words, lines, and phrases are situated. This way, I was examining
a small enough context to ensure more reliable, specific results (Krippendorff, 2004), while also
keeping the entire play in mind.

Notably, I also use the term “line” several times throughout this study (i.e. I coded every

line and stage direction). This is a theatrical term that refers the words that the characters speak
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in the play, or the “lines” of dialogue (Theatre Jargon, n.d.). So, if a character is speaking, they
are saying their line. When the next character begins speaking, that is a new line, etc.
An example of my coding of a line can be seen in Figure 3. I coded using this process for

every line in every play.

BIO (Catherine’s gender)

ROBERT: A girl who’s o

(reveals

drinking from the bottle — "™

Catherine’s

shouldn’t complain. e

personality)

DEL-ETH (reveals Robert’s thoughts about whether or not
something should be done based on his own morals/values)

Figure 3. Example of a Line Coding

Within this single line of dialogue, three different codes emerged, two of which are
related to the female mathematician character (Catherine), one of which is related to the male
mathematician character (Robert). Once units were coded, they were organized into two clusters:
1) Units that reveal something about a female mathematician character; and 2) Units that reveal
something about a male mathematician character. I made the decision to assign each coded unit
either to the female mathematician cluster, or to the male mathematician cluster, so that no single
unit was in both clusters. For example, in Figure 3, the biological (BIO) code is sorted into the
cluster of codes related to female mathematicians, because it reveals something about

Catherine’s gender. The dispositional (DISP) code is sorted into the cluster of codes related to
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female mathematicians, because it tells us something about Catherine’s attitude or emotional
state (in the scene, she is depressed, and thus, drinking from the bottle to cope). Although a
comment made about one character by another character may be indicative of both characters, |
made the choice to code these according to the character who was the subject, not the speaker (in
this case Catherine is the subject and Robert is the speaker). The deliberative ethical (DEL-ETH)
1s sorted into the cluster of codes related to male mathematicians, because it reveals Robert’s
moral thoughts about whether or not something (i.e. drinking from the bottle) should be done.
Though line readings are subject to interpretation by actors and producers, I chose to interpret
each line literally, unless otherwise indicated by a stage direction (i.e. a stage direction may
indicate that a character is speaking sarcastically, in which case that would determine how I
interpreted the line). Thus, my approach to interpreting, and therefore coding each line was
systematic.

An example of my coding of a stage direction can be seen in Figure 4. I coded using this

process for every stage direction in every play.

PHYS (reveals something about the
appearance of Catherine’s face)

CATHERINE smiles |to

herself. She is happy, on the
edge of being giddy.|

DISP (reveals

something about
— Catherine’s

attitude/emotions)

Figure 4. Example of a Stage Direction Coding
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Within this single stage direction, two different codes emerged, both of which revealed
something about a female mathematician character. The physical (PHYS) code reveals
something about Catherine’s appearance (i.e. she has a smile on her face). The dispositional
(DISP) reveals something about Catherine’s attitude and emotions (i.e. she is happy, giddy).

Table 10 shows an example of how I documented the codes for analysis using these
gendered clusters. For each play, I had two columns for each code (one that clusters all the units
for that code for female mathematicians, one that clusters all the units for that code for male
mathematicians).

Table 10

Example of Coding Documentation

BIO PHYS DISP DEL-ETH
(female) (female) (female) (male)

ROBERT: A girl |... ROBERT: A girl ROBERT: A girl
who’s drinking who’s drinking who’s drinking from
from the bottle from the bottle the bottle shouldn’t
shouldn’t shouldn’t complain. | complain.
complain.

CATHERINE smiles to | She is happy, on the

herself. edge of being

giddy.

Though the recording units are different (indicated in bold), ranging from one word to
five words, I would still include the entire context unit (the line) when documenting all codes, to
provide sufficient contextual information for myself. Whether a recording unit is a word, or
several words, it still counts as one occurrence of the code, thus making it no more or less
important for analysis. For the analysis, I placed all codes in a spreadsheet that had 16 columns
(one column for male mathematicians and one column for female mathematicians for each of the

eight codes). Table 10 shows a small portion of this spreadsheet.
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3.4 Addressing research questions

Notably, Research Questions 1 and 2 use the term “develop” in reference to the male and
female mathematician characters, whereas Research Question 3 uses the term “represent” in
reference to the male and female mathematician characters. Development of characters refers to
how the playwright wrote the character. Smiley (2005) uses the term development in his book to
refer to the playwright’s creation of elements within a play (i.e. plot development, character
development, etc.). Though the word development can imply a temporal aspect (i.e. the
development over time), this is not the case in Smiley’s use of the term. The character
development, as written by the playwright, refers simply to the playwright “building,”
“creat[ing],” or “ascrib[ing]... traits” to the character (Smiley, 2005, p. 128). Thus, the first two
research questions explored Zow the playwrights developed the characters, particularly by
examining which traits were used most commonly and least commonly in the writing of the male
and female mathematician characters.

Representation of a character refers to who the character is (i.e. a character’s specific
traits). An example that Smiley provides is “Oedipus the King by Sophocles and Hamlet by
Shakespeare well exemplify traditional tragedy in their respective representations of an
admirable protagonist struggling with purpose against both human and cosmic forces” (Smiley,
2005, p. 84). The representations described include detailed illustrations of who the characters
are. Therefore, Research Question 3 examined themes about the representation of female and
male mathematician characters. In other words, Research Question 3 covered who these
characters are, how the traits explored in Research Questions 1 and 2 specifically present in the
plays, and what differences or similarities may exist between the male and female

representations.
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In order to address Research Question 1 (How do the developments of female and male
mathematician characters compare across individual plays?), I used the two clusters of coded
units (units that reveal something about a female mathematician character; and units that reveal
something about a male mathematician character) to create a percentage distribution. This
distribution compared the characterization codes most commonly used for male mathematicians
in each individual play with the characterization codes most commonly used for female
mathematicians in each individual play.

For each play, I calculated percentage distribution of codes separately for the female
mathematician cluster and the male mathematician cluster. This analysis revealed how each
individual playwright developed the female mathematician characters and male mathematician
characters, since “playwrights can consciously choose the kind and number of traits for each
character” (Smiley, 2005, p. 134).

Finally, I examined which plays utilize the categories from the characterization
framework in their development of female mathematicians or male mathematicians in similar
ways. I then compared these plays to explore whether they shared any other commonalities (i.e.
years written, types of characters, author demographics, setting of the play, etc.).

In order to address Research Question 2 (How do playwrights develop the characters of
female and male mathematicians in contemporary plays?), I used the frequency distribution of
the codes from each individual play from Research Question 1 to create an aggregate of the
frequency and percentage distribution of the codes for all seven plays. I aggregated across plays
but still kept the female and male clusters separate. Specifically, I explored the codes most
commonly used for the development of female mathematicians across all seven plays

collectively, and the codes most commonly used for the development of male mathematicians
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across all seven plays collectively. This is an example of attribution analysis, which refers to “the
frequency with which certain characteristics are referred to” (Krippendorff, 2005, p. 45). Doing
so allowed me to understand how playwrights are developing characters (i.e. which
characterization traits they are using to develop those characters and how frequently they are
being used), as well as identify any differences between how the male and female mathematician
characters are developed in plays.

In order to address Research Question 3 (What are the ways in which female and male
mathematicians are represented in contemporary plays?), I used the coded lines and chunks of
dialogue and stage directions, and clustered them together using the codes. Then, overarching
relationships between the clusters were identified to discover the recurrent themes about the
female mathematicians and male mathematicians and their representations in the plays. Table 11
shows an example of how such axial coding occurred.

As seen in Table 11, I searched for patterns across plays and across codes, and I memoed
whenever I noticed an emergent trend. In the case of Table 11, the memos that I used as the
trends emerged were FEMALE - SOLITARY, and MALE - GROUP. When examining codes that
were memoed similarly as a collection, I was able to characterize several distinct types of female
mathematician and male mathematician representations in plays. Therefore, Research Question 3
is intended to provide a more specific context for the analysis from Research Question 1 and
Research Question 2. This is done by qualitatively exploring #ow these characterization traits are
utilized. These descriptions of the context helped to illuminate meaningful differences between

the ways in which female mathematician and male mathematician characters are represented in

plays.
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Table 11

Example of Axial Coding
BIO DISP DEL-EXP DEC-EXP
(female) (female) (female) (female)

MAX: You mean the
only reason she’s on the
team is because she’s a
girl?

(Walat, 2007, p. 19)

CATHERINE:
Because in order for
your friends to take
you out on your
birthday, you
generally have to
have friends.
(Auburn, 2001, p. 7)

VICTORIA: You
can only count
on yourself.
(Walat, 2007, p.
21)

CATHERINE: ...It's
just math, I can do it
on my own. So I kept
working here. |
worked at night, after
Dad had gone to sleep.
(Auburn, 2001, pp. 60-
61)

BIO DISP DEL-EXP DEC-EXP

(male) (male) (male) (male)
RAMACHANDRA: MAX: Actually, we FRANKLIN: RAMANUJAN moves
Gentlemen, we are function as a Actually, I was to the desk and works
men of Pure Science, collective unit. thinking maybe with HARDY, passing
the Highest. (Groff, (Walat, 2007, p. 18) we could work on papers between them.
2006, p. 79) group work. (McBurney, 2007, p.

(Walat, 2007, p.
81)

61)

3.5 Validity and reliability

When conducting any type of research, it is critical to ensure that results are valid and
reliable. To address the validity of the codebook, I selected a framework and then developed a
codebook by using the categories defined by the framework without changing their meanings,
thus ensuring face validity. The framework applies to my data because it specifically addresses
characterization in plays, which is a key approach to differentiating between characters. The
chosen codes were appropriate for addressing my research questions because they encompass

traits that are used by playwrights to develop characters in plays.
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An independent expert in qualitative research methods rigorously reviewed and
confirmed my coding for one entire play to ensure that it was systematic, consistent, and
grounded in the established codebook, establishing content validity.

I conducted a pilot study to test my codebook and research methodology, as previously
mentioned. This helped to ensure construct validity, because I was able to make sure that my
codebook was sufficient for answering my research questions, and attaining the goals of my
study. The pilot study also helped with reliability, because I used an independent trained coder to
ensure that there was agreement with my coding. This coder was a doctoral candidate in
mathematics education with five years of experience in qualitative research, specializing in work
around mathematics identity. This coder was an academic peer who was familiar with my
research, framework, and codebook prior to her involvement in this study, who I trained
explicitly as a coder for this study. For the training, the coder and I reviewed the codebook in
detail, and I answered her questions. We then practiced by using a piece of text that was not
included in the study until we reached a consensus. Finally, she independently coded a scene in
the play Proof. The first time that she coded the scene, we had approximately 80% matches on
what we both coded. However, she missed several places where I had codes and she did not. |
pointed that out without showing my coding, and she made a second attempt (still without seeing
how I had coded). When comparing her second attempt at coding to mine, we had 81%
matching, which indicates a good reliability test (De Swert, 2012), thus ensuring inter-coder
reliability. By establishing inter-coder reliability, I was able to eliminate inconsistencies, and
recognize and mitigate my own biases (Krippendorff, 2004). I continued to re-code each play
after various periods of time to ensure consistency. The entirety of each play was re-coded by me

at least three times. In doing so, I confirmed intra-coder reliability.
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It is also critical to ensure transparency and trustworthiness in research, and having
precise, detailed findings and descriptions from researchers is one way of achieving this
(Creswell, 2009). I provided comprehensive explanations of my coding systems, I clearly
indicated how I framed the study, and I explicitly defined terms to confirm that my methods and
findings were transparent and trustworthy.

Chapter 4 details the findings of the study.
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Chapter 4: Findings

This chapter presents the findings from the sequential mixed methods content analysis of
the seven selected plays. The primary goal is to discover how the characters of female
mathematicians and male mathematicians are developed and represented in plays. This chapter
answers the three research questions, and then provides a summary of the findings collectively.
4.1 Research Question 1

To address Research Question 1 (How do the developments of female and male
mathematician characters compare across individual plays?), I examined each play individually,
and then compared the plays that developed the mathematician characters in similar ways to see
if they shared any other commonalities (i.e. years written, types of characters, author

demographics, setting of the play, etc.).

4.1.1 Tables of frequency and percentage distributions of codes for Research Question 1

This section contains the tables of the distribution of codes for all seven of the individual
plays. Then, the most common and least common traits are determined for the male and female
mathematicians within each play. For each table, Section 1 (S1) details the frequency of each
code for male mathematicians, the frequency of each code for female mathematicians, and the
frequency of each code overall (for both male and female mathematicians). Section 1 also shows
the percentage breakdowns of the codes within each gender. Section 2 of the table (S2) details
the percentage breakdowns within the codes by gender.

Table 12 shows the distribution of codes by frequency and percentages for the play

Arcadia.
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Table 12

Distribution of Codes for Arcadia

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
! ! ! | | | | | | ] 1
Male freq 38 13 117 40 44 46 32 26 356
| | | | | | | | ] 1
% 10.7% 3.7% 32.9% 11.2% 12.4% 12.9% 9.0% 7.3% |100%
| | | | | | | | | ] 1
Female freq 24 24 75 15 15 20 17 17 207
| | | | | | | | ] 1
% 11.6% 11.6% 362% 73% 73% 9.7% 82% 82% |100%
| | | | | | | I ] ] 1
Total 62 37 192 55 59 66 49 43 563
S2
| | | | | | | | | ]
Male % of 61.3% 35.1% 60.9% 72.7% 74.6% 69.7% 65.3% 60.5%
total
| | | | | | | I ] ]
Female % of 38.7% 64.9% 39.0% 27.3% 25.4% 30.3% 34.7% 39.5%
total
| | | | | | | ]
Total 100% 100% 100% 100% 100% 100% 100% 100%

This play had 563 total codes, 356 of which were for male mathematicians and 207 of which

were for female mathematicians. For male mathematicians, the most prevalent was dispositional

traits (32.9%). The next two most common traits were deliberative ethical (12.9%) and

deliberative expedient (12.4%). The two least common traits were decisive ethical (7.3%) and

physical (3.7%). For female mathematicians, the most prevalent was dispositional traits (36.2%).

The next two most common traits were biological (11.6%) and physical (11.6%). The two least

common traits were motivational (7.3%) and deliberative expedient (7.3%). Male

mathematicians comprised a higher percentage of all traits except for physical, with female

mathematicians making up 64.9% of the physical trait codes in the play.
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Table 13 shows the distribution of codes by frequencies and percentages for the play 7The

Five Hysterical Girls Theorem.

Table 13

Distribution of Codes for The Five Hysterical Girls Theorem

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
| | | | | | | ] ] ] 1
Male freq 61 66 149 92 27 68 18 33 514
| | | | | | | | ] 1
% 11.9% 12.8% 29.0% 17.9% 53% 132% 3.5% 6.4% |100%
| | | | | | | I ] ] 1
Female freq 14 18 30 18 9 23 28 13 153
! ! | | | | | | ] 1
% 92% 11.8% 19.6% 11.8% 59% 15.0% 18.3% 8.5% |100%
| | | | | | | | | ] 1
Total 75 84 179 110 36 91 46 46 667
S2
! ! ! | | | | | | ]
Male % of 81.3% 78.6% 83.2% 83.6% 75.0% 74.7% 39.1% 71.7%
total
| | | | | | | | | ]
Female % of 18.7% 21.4% 16.8% 16.4% 25.0% 253% 60.9% 28.3%
total
! | | | | | | ]
Total 100% 100% 100% 100% 100% 100% 100% 100%

Section 1 shows that this play had 667 total codes, 514 of which were for male mathematicians

and 153 of which were for female mathematicians. For male mathematicians, most prevalent was

dispositional traits (29%). The next two most common traits were motivational (17.9%) and

deliberative ethical (13.2%). The two least common traits were decisive ethical (6.4%) and

decisive expedient (3.5%). For female mathematicians, most prevalent was dispositional traits

(19.6%). The next two most common traits were decisive expedient (18.3%) and deliberative
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ethical (15.0%). The two least common traits were decisive ethical (8.5%) and deliberative

expedient (5.9%).

Section 2 shows that male mathematicians comprised a higher percentage of all traits

except for decisive expedient, with female mathematicians making up 60.9% of the decisive

expedient trait codes in the play.

Table 14 shows the distribution of codes by frequencies and percentages for Proof.

Table 14

Distribution of Codes for Proof

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH

I I I I I I | | | | |

Male freq 27 49 217 74 42 44 23 30 506
I ] ] I ] I | | I |
% 53% 9.7% 429% 14.6% 83% 87% 4.6% 59% |100%

I ] ] ] ] ] ] | | I 1

Female freq 7 38 212 55 21 44 19 46 442
| ] ] ] ] I | | I |
% 1.6% 8.6% 48.0% 12.4% 4.8% 10.0% 4.3% 10.4% | 100%

I ] ] ] ] ] ] | | I 1
Total 34 87 429 129 63 88 42 76 948
S2

| | I I I I I | | 1
Male % of 79.4% 56.3% 50.6% 57.4% 66.7% 50.0% 54.8% 39.5%

total

I ] ] ] ] ] ] | | I
Female % of 20.6% 43.7% 49.4% 42.6% 33.3% 50.0% 45.2% 60.5%

total
I I I I I | | 1
Total 100% 100% 100% 100% 100% 100% 100% 100%

Section 1 shows that this play had 948 total codes, 506 of which were for male mathematicians

and 442 of which were for female mathematicians. For male mathematicians, the most prevalent

was dispositional traits (42.9%). The next two most common traits were motivational traits
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(14.6%) and physical traits (9.7%). The two least common traits were biological (5.3%) and

decisive expedient (4.6%). For female mathematicians, the most prevalent was dispositional

traits (48%). The next two most common traits were motivational (12.4%) and decisive ethical

(10.4%). The two least common traits were decisive expedient (4.3%) and biological (1.6%).

Section 2 shows that male mathematicians comprised a higher percentage of all traits

except for deliberative ethical traits, which were evenly distributed between the male and female

mathematicians, and decisive ethical traits, with female mathematicians making up 60.5% of the

decisive ethical trait codes in the play.

Table 15 shows the distribution of codes by frequencies and percentages for the play 4

Disappearing Number.

Table 15

Distribution of Codes for A Disappearing Number

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
| | | | | | | I ] ] 1
Male freq 15 47 104 43 22 21 21 8 281
! ! | | | | | | ] 1
% 53% 16.7% 37.0% 153% 7.8% 7.5% 7.5% 2.9% |100%
! | | | | | | | | ] 1
Female freq 10 27 51 36 28 4 10 4 170
| | | | | | | | ] 1
% 59% 159% 30.0% 21.2% 16.5% 2.4% 59% 24% |100%
| | | | | | | I ] ] 1
Total 25 74 155 79 50 25 31 12 451
S2
! ! ! | | | | | | ]
Male % of 60.0% 63.5% 67.1% 54.4% 44.0% 84.0% 67.7% 66.7%
total
| | | | | | | I ] ]
Female % of 40.0% 36.5% 32.9% 45.6% 56.0% 16.0% 32.3% 33.3%
total
! | | | | | | ]
Total 100% 100% 100% 100% 100% 100% 100% 100%
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Section 1 shows that this play had 451 total codes, 281 of which were for male mathematicians
and 170 of which were for female mathematicians. For male mathematicians, most prevalent was
dispositional traits (37.0%). The next two most common traits were physical (16.7%) and
motivational (15.3%). The two least common traits were biological (5.3%) and decisive ethical
(2.9%). For female mathematicians, most prevalent was dispositional traits (30.0%). The next
two most common traits were motivational (21.2%) and deliberative expedient (16.5%). The two
least common traits were deliberative ethical (2.4%) and decisive ethical (2.4%).

Section 2 shows that male mathematicians comprised a higher percentage of all traits
except for deliberative expedient, with female mathematicians making up 56.0% of the
deliberative expedient trait codes in the play.

Table 16 shows the distribution of codes by frequencies and percentages for the play
Victoria Martin: Math Team Queen. Section 1 shows that this play had 581 total codes, 326 of
which were for male mathematicians and 225 of which were for female mathematicians. For
male mathematicians, the most prevalent was dispositional traits (43.9%). The next two most
common traits were physical (16.9%) and motivational (10.4%). The two least common traits
were deliberative ethical (5.8%) and biological (1.5%). For female mathematicians, the most
prevalent was dispositional traits (43.5%). The next two most common were physical traits
(16.5%) and motivational traits (9.8%). The two least common were deliberative expedient traits
(4.3%) and deliberative ethical traits (3.1%).

Section 2 shows that male mathematicians comprised a higher percentage of all traits
except for biological, with female mathematicians making up 81.5% of the biological trait codes

in the play.
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Table 16

Distribution of Codes for Victoria Martin: Math Team Queen

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
! ! ! | | | | | | ] 1
Male freq 5 55 143 34 23 19 20 27 326
| | | | | | | | ] 1
% 1.5% 16.9% 43.9% 104% 7.0% 5.8% 6.1% 83% |100%
| | | | | | | | | ] 1
Female freq 22 42 111 25 11 8 12 24 255
| | | | | | | | ] 1
% 8.6% 16.5% 43.5% 98% 43% 3.1% 4.7% 9.4% |100%
| | | | | | | I ] ] 1
Total 27 97 254 59 34 27 32 51 581
S2
| | | | | | | | | ]
Male % of 18.5% 56.7% 563% 57.6% 67.7% 70.4% 62.5% 52.9%
total
| | | | | | | I ] ]
Female % of 81.5% 43.3% 43.7% 42.4% 32.4% 29.6% 37.5% 47.0%
total
| | | | | | | ]
Total 100% 100% 100% 100% 100% 100% 100% 100%

Table 17 shows the distribution of codes by frequencies and percentages for the play

Mathematics of the Heart. Section 1 shows that this play had 361 total codes, 226 of which were

for male mathematicians and 135 of which were for female mathematicians. For male

mathematicians, the most prevalent was dispositional traits (33.2%). The next two most common

traits were motivational (17.3%) and deliberative ethical (14.2%). The two least common traits

were physical (5.3%) and biological (3.5%). For female mathematicians, the most prevalent was

dispositional traits (36.3%). The next two most common traits were physical (17.8%) and

motivational (14.0%). The two least common traits were decisive ethical (5.2%) and decisive

expedient (4.4%).
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Table 17

Distribution of Codes for Mathematics of the Heart

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
! ! ! | | | | | | ] 1
Male freq 8 12 75 39 16 32 25 19 226
| | | | | | | | ] 1
% 35% 53% 332% 17.3% 7.0% 142% 11.0% 8.4% |100%
| | | | | | | | | ] 1
Female freq 9 24 49 19 8 13 6 7 135
| | | | | | | | ] 1
% 6.7% 17.8% 363% 14.0% 59% 9.6% 4.4% 52% |100%
| | | | | | | I ] ] 1
Total 17 36 124 58 24 45 31 26 361
S2
| | | | | | | | | ]
Male % of 47.0% 33.3% 60.5% 67.2% 66.7% 71.1% 80.7% 73.0%
total
| | | | | | | I ] ]
Female % of 52.9% 66.7% 39.5% 32.8% 33.3% 289% 19.4% 26.9%
total
| | | | | | | ]
Total 100% 100% 100% 100% 100% 100% 100% 100%

Section 2 shows that male mathematicians comprised a higher percentage of all traits

except for biological, with female mathematicians making up 52.9% of the biological trait codes

in the play, and physical, with female mathematicians making up 66.7% of the physical trait

codes in the play.

Table 18 shows the distribution of codes by frequencies and percentages for the play Ada

and the Engine. Section 1 shows that this play had 744 total codes, 225 of which were for male

mathematicians and 519 of which were for female mathematicians. For male mathematicians, the

most prevalent was dispositional traits (41.8%). The next two most common traits were

motivational (12.9%) and biological (11.1%). The two least common traits were decisive
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expedient (4.9%) and physical (3.1%). For female mathematicians, the most prevalent was

dispositional traits (44.1%). The next two most common traits were deliberative ethical (12.5%)

and physical (11.4%). The two least common traits were decisive ethical (5.6%) and decisive

expedient (2.1%).

Table 18

Distribution of Codes for Ada and the Engine

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
| | I I I I | | | 1 |
Male freq 25 7 94 29 24 22 11 13 225
I ] ] ] ] ] | | I |
% 11.1% 3.1% 41.8% 129% 10.7% 9.8% 49% 5.8% | 100%
| | I I I | | | | 1 |
Female freq 35 59 229 50 41 65 11 29 519
I ] ] ] ] ] | | I |
% 6.7% 114% 44.1% 9.6% 7.9% 12.5% 2.1% 5.6% |100%
| | | I I I I | | 1 |
Total 60 66 323 79 65 87 22 42 744
S2
I ] ] ] ] ] ] | | |
Male % of 41.7% 10.6% 29.1% 36.7% 369% 25.3% 50.0% 31.0%
total
| | I I I I I | | 1
Female % of 58.3% 89.4% 70.9% 63.3% 63.0% 74.7% 50.0% 69.0%
total
| ] ] ] ] | | |
Total 100% 100% 100% 100% 100% 100% 100% 100%

Section 2 shows that female mathematicians comprised a higher percentage of all traits

except for decisive expedient traits, which were evenly distributed between the male and female

mathematicians in the play.
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4.1.2 Comparing plays with similar developments of female mathematicians

The most apparent similarity for the development of female mathematician characters
across the plays is that dispositional traits comprise the highest percentage for all seven of the
plays, as seen in Figure 5. Therefore, all seven plays have dispositional traits as the most

common, regardless of the gender of the mathematician characters.

50.00% B BIO
I B PHYS
_ DISP
| MOT
40.00% - W DEL-EXP
_ _ @ DEL-ETH
DEC-EXP
W DEC-ETH
30.00% -+
20.00%
] M l h I i
0.00% 'I ] H
Arcadia The Five Proof A Disappearing Victoria Mathematics of Ada and the
Hysterical Girls Number Martin: Math the Heart Engine
Theorem Team Queen

Figure 5. Development of Female Mathematician Characters in Each Play

The similar uses of dispositional traits in the development of female mathematician
characters is only one example of the similar developments across plays. Table 19 shows

comparisons between the plays in which the playwrights developed the female characters using
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similar categories of traits. It details the similar developments, and also provides a comparison of

other ways in which the plays may have commonalities.

Table 19

Comparisons between plays that develop their female characters in similar ways

Arcadia / Arcadia The Five Ada and the Engine
Ada and the Hysterical Girls
Engine Theorem / Proof
Developments |Only two Only play Only two plays in |Only play in which the
plays that that has which biological |overall frequency of
did NOT motivational | traits were among |codes attributed to
have as one of the | the two least female mathematicians
motivational | least used common traits was higher than the
as one of the | traits frequency of codes
top three attributed to male
traits mathematicians
Comparison  |Both setin | Only play Both have female |Only play that tells the
the early published in | mathematicians story of a true
1800s in the twentieth | that are the mathematician from
England century daughters of male |history
mathematicians

One similarity is that almost every play used motivational as one of the three most

prevalent trait categories with which to develop the female mathematician characters. The only
two plays that do NOT have motivational as one of the top three traits are Arcadia and Ada and
the Engine. Notably, the female mathematicians in these two plays are both set in the early 1800s
in England, which is the earliest time setting for any of the plays (the female characters in Proof,
Victoria Martin: Math Team Queen, Mathematics of the Heart, and A Disappearing Number live
in current times, and the female mathematicians in The Five Hysterical Girls Theorem exist in
the year 1911).

Though both Arcadia and Ada and the Engine do not have motivational among the top

traits, Arcadia is unique in that it is the only play of the seven to have motivational as one of the
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least used traits in developing female mathematician characters. Arcadia is also the only play of
the seven that was published in the twentieth century (1993).

Another similarity is that The Five Hysterical Girls Theorem and Proof were the only two
plays in which biological traits were among the two least common characteristics that were used
to develop the female mathematician characters. In The Five Hysterical Girls Theorem, the three
female mathematician characters are Lady Love, one of the professionals at the conference, and
Sophie and Hypatia, Moses’ eleven-year-old daughters. In Proof, Catherine (Robert’s daughter)
is the only female mathematician. Thus, the only two plays that have biological traits as the least
used are the plays in which the female mathematician characters are the daughters of a male
mathematician character in the play.

Also, it is notable that Ada and the Engine is the only play in which the overall frequency
of codes attributed to female mathematicians was higher than the frequency of codes attributed to
male mathematicians. Ada and the Engine is also the only play that features a female
mathematician character that was a real, historical figure, as opposed to a fictional character.
4.1.3 Comparing plays with similar developments of male mathematicians

As displayed in Figure 6, the most apparent similarity for the development of male
mathematician characters across the plays is that dispositional traits make up the highest
percentage for all seven of the plays. Again, this is logical because dispositional traits include
emotions, personality, attitude, etc., thus making it both a broad and highly utilized category

when it comes to characterization.
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Figure 6. Development of Male Mathematician Characters in Each Play

The similar uses of dispositional traits in the development of male mathematician characters is
only one example of the similar developments across plays. Table 20 shows comparisons
between the plays that develop their male characters in similar ways. It details the similar
developments, and also provides a comparison of other ways in which the plays may have
commonalities.

A similarity in the development of male mathematicians in plays is that Arcadia,
Mathematics of the Heart, and Ada and the Engine are the only three plays that have physical
traits among the least used in the development of male mathematicians. These are also the only
three plays that did not premiere in the aughts (4rcadia premiered in 1993, Mathematics of the

Heart premiered in 2011, and Ada and the Engine premiered in 2016).
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Table 20

Comparisons between plays that develop their male characters in similar ways

Arcadia / The Five Hysterical Girls Theorem /
Mathematics of the Heart / Proof/
Ada and the Engine Ada and the Engine
Developments |Only three plays that have physical | Decisive expedient traits among the
traits among the least used least used
Comparison  |Only three plays that did not All written by American playwrights

premiere in the aughts

The Five Hysterical Girls Theorem, Proof, and Ada and the Engine are all similar in their
development of male mathematicians because they all have decisive expedient traits among the
least used. These plays themselves are similar in that they are all written by American
playwrights.

4.2 Research Question 2

Table 21 shows the distribution of the codes by frequency across all seven plays found in
order to address Research Question 2 (How do playwrights develop the characters of female and
male mathematicians in contemporary plays?).

Section 1 of the table (S1) details the frequency of each code for male mathematicians,
the frequency of each code for female mathematicians, and the total frequency of each code
overall (for both male and female mathematicians). Section 1 also shows the percentage
breakdowns of the codes within each gender. Section 2 of the table (S2) details the percentage
breakdowns within the codes by gender, such that the percentage for the male mathematician and
the percentage for the female mathematician should sum to 100% within a single code. Across
the 7 plays, 4,315 units of dialogue and stage directions were coded. Of the 4,315 units, 2,434

were coded for male mathematicians and 1,881 were coded for female mathematicians.
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Table 21

Distribution of Codes

S1 BIO PHYS DISP MOT DEL- DEL- DEC- DEC- Total
EXP ETH EXP ETH
| | | | | | | | | ] 1
Male freq 179 249 899 351 198 252 150 156 2434
| | | | | | T T T |
% 74% 10.2% 369% 14.4% 8.1% 104% 62% 6.4% |100%
| | | | | | | | | ] 1
Female freq 121 232 757 218 133 177 103 140 1881
| | | | | | T T T |
% 6.4% 123% 402% 11.6% 7.1% 94% 55% 7.4% |100%
| | | | | | | | | T |
Total 300 481 1656 569 331 429 253 296 4315
S2

| I ] ] I | | I
Male % of 59.7% 51.8% 54.3% 61.7% 59.8% 58.7% 59.3% 52.7%
total
I ]

] ] ] ] ] | | I
Female % of 40.3% 48.2% 45.7% 38.3% 402% 41.3% 40.7% 47.3%
total

Section 1 shows that dispositional traits comprise the highest percentage of codes for
both genders (36.9% for male mathematicians, 40.2% for female mathematicians), which is
perhaps unsurprising given that dispositional traits include emotions, personality, attitude, etc.,
and personality is the “epitome of what differentiates one human from all others” (Smiley, 2005,
p. 128).

For female mathematicians, physical traits were the next most commonly used (12.3%).
For male mathematicians, motivational traits were the next most commonly used (14.4%), and
decisive expedient traits comprised the smallest percent for both males (6.2%) and females
(5.5%). Males have higher percentages for biological traits (7.4% vs. 6.4% for females),

motivational traits (14.4% vs. 11.6% for females), deliberative expedient traits (8.1% vs. 7.1%
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for females), deliberative ethical traits (10.4% vs. 9.4% for females), and decisive expedient
traits (6.2% vs. 5.5% for females). Females have higher percentages for physical traits (12.3%
vs. 10.2% for males), dispositional traits (40.2% vs. 36.9% for males), and decisive ethical traits
(7.4% vs. 6.4% for males).

Section 2 of the table shows that the smallest difference in percentages is for physical
traits, in which male mathematicians only account for 3.6% more than female mathematicians.
The largest difference in percentages is for motivational traits, in which male mathematicians
account for 23.4% more than female mathematicians.

Thus, female mathematicians are developed across the seven plays using primarily
dispositional traits, physical traits, and motivational traits. Male mathematician characters are
developed across the seven plays using primarily dispositional traits, motivational traits, and
deliberative ethical traits. Therefore, female and male mathematicians are developed using
similar traits in that they both have dispositional and motivational traits among the most
prevalent (though motivational traits make up a higher percentage of the traits for males than for
females). However, male mathematicians are also developed using deliberative ethical traits as
one of the most common categories of traits. Female mathematicians, on the other hand, have
physical traits as their other most common category of traits. This difference may reveal that
male mathematicians are developed with an emphasis on their moral or ethical thinking (as
deliberative ethical traits indicate), whereas female mathematicians are developed with an
emphasis on what they look like (as physical traits indicate).

4.3 Research Question 3
As represented in Table 22, several major themes emerged from the axial coding for

Research Question 3 (What are the ways in which female and male mathematicians are
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represented in contemporary plays?): 1) Female mathematicians are solitary / Male

mathematicians are part of a larger cohort; 2) Female mathematicians are underestimated or

subordinate / Male mathematicians are praised; 3) Female mathematician are students / Male

mathematician are teachers; and 4) Female mathematicians AND male mathematicians are

mentally or physically ill; and 5) Female mathematicians AND male mathematicians consider

math beautiful.

Table 22

Major Themes on Representation of Mathematicians

Female Mathematicians

Both Female and Male
Mathematicians

Male Mathematicians

|
Female mathematicians are

solitary

Female mathematicians AND male
mathematicians are mentally or
physically ill

Male mathematicians are
part of a larger cohort

I
Female mathematicians are

underestimated or
subordinate

Female mathematicians AND male
mathematicians consider math
beautiful/artistic.

Male mathematicians are
praised

I
Female mathematicians are

students

Male mathematician are
teachers

These themes were found across plays, and across codes, as shown in Table 23, which

exemplifies how the theme of female mathematicians are solitary/male mathematicians are part

of a larger cohort was (in part) discovered.
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Table 23

Themes Found Across Plays and Codes

BIO DISP DEL-EXP DEC-EXP

(female) (female) (female) (female)

MAX: You mean the only | CATHERINE: Because | VICTORIA: You CATHERINE: ...It's just

reason she’s on the team | in order for your can only count on | math, I can do it on my

is because she’s a girl? friends to take you out | yourself. (Walat, own. So | kept working

(Walat, 2007, p. 19) on your birthday, you 2007, p. 21) here. I worked at night,
generally have to have after Dad had gone to
friends. (Auburn, 2001, sleep. (Auburn, 2001, pp.
p.-7) 60-61)

BIO (male) DISP (male) DEL-EXP (male) | DEC-EXP (male)

RAMACHANDRA: MAX: Actually, we FRANKLIN: RAMANUJAN moves to

Gentlemen, we are men | function as a collective | Actually, [ was the desk and works with

of Pure Science, the unit. (Walat, 2007, p. thinking maybe we | HARDY, passing papers

Highest. (Groff, 2006, p. | 18) could work on between them.

79) group work. (McBurney, 2007, p. 61)

(Walat, 2007, p. 81)

Female mathematicians are solitary / Male mathematicians are part of a larger cohort

The first theme found within many of the plays is that female mathematicians tend to be
portrayed as isolated (either socially or professionally), whereas the male mathematicians are
portrayed as belonging to a larger group.

This isolation of the female mathematician is particularly clear in Proof, as Catherine is
both socially isolated, and physically isolated in her father’s house. Catherine’s social solitude is
made clear through her lack of personal connections:

CATHERINE: Because in order for your friends to take you out on your birthday
you generally have to have friends. (Auburn, 2001, p. 7)

Her physical isolation in her late father’s home is also reflected in the stage directions. Four
separate times throughout the play, the stage directions indicate that Catherine is alone,

including, perhaps the most evocative of the four:
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CATHERINE is alone. She puts her head in her hands. She weeps. Eventually she
stops, wipes her eyes. (Auburn, 2001, p. 23)

Catherine’s method of doing mathematics is also isolating and solitary:

CATHERINE: I'm telling you both now. After I dropped out of school I had
nothing to do. I was depressed, really depressed, but at a certain point I decided,
F*** it, I don't need them. It's just math, I can do it on my own. So I kept working
here. I worked at night, after Dad had gone to sleep. It was hard but I did it.
(Auburn, 2001, pp. 60-61)

This is juxtaposed to Catherine’s male mathematician counterpart, Hal. In Hal's first
appearance in the play, he is on his way to a party, at which he and several of his colleagues are
playing with their band. This immediately establishes him as social, and as a member of a larger
mathematical community. Catherine, however, refuses Hal’s invitation to this party and stays
home alone. Hal is further portrayed as having social and professional affiliations with other
mathematicians when he explains:

HAL: No way to know. Mathematicians are insane. | went to this conference in
Toronto last fall. ’'m young, right? I’m in shape, I thought I could hang with the

big boys. Wrong. I’ve never been so exhausted in my life. Forty-eight straight
hours of partying, drinking, drugs, papers, lectures... (Auburn, 2001, p. 34)

When trying to validate Catherine’s proof, Hal makes several references to going over
her work with “the guys,” which is in direct contrast to the remote conditions under which
Catherine worked on the proof.

A Disappearing Number also displays the female mathematician, Ruth, as solitary in her
work. Ruth talks to four of the numerous characters in the play, and most of her scenes are with
only her husband, Al. Al, while an important social companion for Ruth, does not understand the
complexities of her mathematical work, and cannot engage with her in conversation about
mathematics:

AL: I haven’t understood a word you’ve said, but I’ve found it fascinating. You

clearly like what you do.
RUTH: I love what I do. (McBurney, 2007, p. 28)
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Thus, mathematics is established as a solitary endeavor for Ruth. This can be seen even
in the stage directions that describe her actions as she works:

RUTH continues to silently work at the desk. (McBurney, 2007, p. 79)

This is contrasted with the close, extremely understanding working mathematical
relationship represented between Ramanujan and G.H. Hardy throughout the play:

RAMANUJAN: (Voice-over.) Dear [G.H. Hardy], I am much gratified on
perusing your letter. I have found in you a friend who views my labours
sympathetically. What I want at this stage is for eminent professors like you to
recognize that there is some worth in me... (McBurney, 2007, p. 50)

Ruth, Ramanujan, and Hardy all have lines of dialogue that detail their mathematical
work. Notably, Ruth’s lines such as these are given as a monologue or a lecture, sometimes
speaking for multiple pages at a time without interacting with other characters. Conversely,
Ramanujan and Hardy engage in dialogues in the form of letters that are read aloud via voice-
over:

RAMANUJAN: (Voice-over.) | am extremely sorry for not writing a single letter
to you up to now. I discovered very interesting functions recently, which I call
Mock Theta Functions. Unlike the ‘False’ theta functions, they enter into
mathematics as beautifully as the ordinary theta functions. I’'m sending you with
this letter some examples... If we consider a theta function in transformed

Eulerian form for example, 1+...

HARDY: (Voice-over.) ...1 wish you were better and back here. There will be
some splendid problems to work out. (McBurney, 2007, pp. 87-88)

Also, unlike Ruth who worked “silently” at her desk alone, there are multiple references
in the stage directions to Ramanujan and Hardy sharing physical space on stage as they work
together:

RAMANUJAN moves to the desk and works with HARDY, passing papers between
them. (McBurney, 2007, p. 61)

The Five Hysterical Girls Theorem initially appears to have a female mathematician

situated in a cohort amongst her male colleagues. Indeed, Lady Love is one of the
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mathematicians at the conference, thus establishing her as a member of this academic
community. However, she is still inherently isolated by being the only female attendee at the
conference. In fact, Lady Love’s identity as a mathematician is completely erased in several
instances throughout the play. When the entire group of mathematicians is referenced, they are
referred to as “gentlemen” (Groff, 2006, p. 79), “young men” (Groff, 2006, p. 23), and “men”
(Groft, 2006, p. 79). Thus, Lady Love, though officially a part of the cohort of mathematicians,
is either unintentionally forgotten, or purposefully removed from the group in such references.
Similarly, in Victoria Martin: Math Team Queen, Victoria joins her high school’s all-

male math team after her teacher threatens her with detention. Though she is a part of the team,
her presence is not welcomed by the other members:

PETER: Look, we don’t just need a sophomore — we need a sophomore girl. OK?

Now do any of you know any other sophomore giris? (They all look at each

other.) 1 didn’t think so.

MAX: You mean the only reason she’s on the team is because she’s a girl?

PETER: You thought it was because she was good at algebra?

PETER: Mr. Riley said that Principal Nichols said that this is a co-ed team and so
we need a girl. (Walat, 2007, p. 19)

This immediately characterizes Victoria as ‘other’ amongst the mathletes, and although officially
a member of the team, she is seen as more of a tangential hindrance than a collaborator. This is
in direct contrast to the other members of the team, some of whom are so close, they seem to
share a brain:

MAX: Actually, we function as a collective unit. (Walat, 2007, p. 18)

Victoria soon recognizes this different treatment, and makes it known that she feels she

cannot trust her teammates:

VICTORIA: You can only count on yourself. (Walat, 2007, p. 21)
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Also, unlike the male members of the math team, who have very close friendships with one
another, Victoria is forced to feel ostracized, either from the math team, or from her closest
friends (Jen and Jen), as indicated in a note written by the Jens:

MAX: (He reads from the note.)... It’s either MATH TEAM or ever having a
normal life in high school AGAIN. (Walat, 2007, pp. 56-57)

Dissimilar to her male counterparts, Victoria finds herself isolated throughout the play,
initially by the math team, and ultimately by her ‘popular’ friends and boyfriend.

Female mathematicians are underestimated or subordinate / Male mathematicians are praised

Another theme found in the plays is that female mathematicians are underestimated or
considered subordinate in the field of mathematics, whereas male mathematicians are held in
high regard.

In Arcadia, Thomasina shows mathematical thinking that is revolutionary for her time as
she ponders a concept that would, years later, be called the Second Law of Thermodynamics.
However, in the present day, Valentine refuses to believe that Thomasina could have been
making such important revelations:

HANNAH: Is it anything to do with... you know, Thomasina's discovery?
VALENTINE: She didn't discover anything. (Stoppard, 1993, p. 69)

In fact, Valentine sees Thomasina not only as incapable of such advanced thinking, but as
completely mathematically incompetent:

HANNAH: Well, what was she doing?

VALENTINE: She was just playing with the numbers. The truth is, she wasn't
doing anything.

HANNAH: She must have been doing something.

VALENTINE: Doodling. Nothing she understood.

HANNAH: A monkey at a typewriter?

VALENTINE: Yes. (Stoppard, 1993, p. 51)

Conversely, Thomasina’s male tutor, Septimus, is revered by Valentine, even called a

“genius’:
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VALENTINE: ...And the girl was [Septimus’] pupil, she had a genius for her
tutor. (Stoppard, 1993, p. 83)

Such doubt about the skills of a female mathematician can also be seen in Victoria
Martin: Math Team Queen. Despite the fact that Victoria ultimately leads the math team to
victory, the male members of the team refuse to acknowledge her as mathematically competent
when she arrives at the first practice:

(They finally notice her.)
fRANKLIN: Extra help is—

MAX: Next door.
VICTORIA: Yeah, OK, but I’'m not here for... I’'m— (Walat, 2007, p. 12)

On a first impression alone, the boys prematurely judge Victoria as looking for the extra help
room, and thus underestimate her potential. Such undervaluing is persistent:

PETER: The probability of us making it to States with Vickie Martin on the Math
Team? Is rapidly approaching zero. (Walat, 2007, p. 20)

This is in stark contrast to the idolization that is directed at the male captain of the math
team, Peter:

FRANKLIN: In case you didn’t know, Peter always wins.
JIMMY: He’s my Math Team hero... (Walat, 2007, pp. 24-25)

In A Disappearing Number, Ruth’s self-doubt about her own mathematical capabilities
proves that the dismissal of female mathematicians can be self-inflicted:
RUTH: I’'m 43 years old, Al. Any mathematician of note has done their best work

by the time they’re 30. I’'m not a participant anymore, I’m a spectator.
(McBurney, 2007, p. 80)

While Ruth views herself as unimportant in the field of mathematics, she worships
Ramanujan in a way that is nearly obsessive, even choosing to travel to his home in India to
better understand him:

RUTH: (Looking up from the bed.) Ramanujan’s legacy is his work... He seemed
to have functioned in a way unlike anyone else we know of. He had such a feel

for things that... they just flowed out of his brain. (McBurney, 2007, p. 68)
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When comparing herself to Ramanujan and Brahmagupta (another male mathematician),

it becomes even more evident that Ruth sees herself as far inferior:

RUTH: ...Imagine we’re on a line. Ramanujan way ahead with Brahmagupta,
who invented zero, and me, I'm far behind... (McBurney, 2007, p. 42)

Ada and the Engine shows Ada and Charles working closely, with Ada taking on a
majority of the writing for their essay about the Analytical Engine. However, even Ava can see
that Charles, perhaps because of his gender, has fame that she does not and cannot have:

ADA. I am speaking. You are brilliant but unpleasant. I am brilliant but

unrecognized. I see only one solution to both save you from yourself, and me
from mediocrity: We must continue to work together. (Gunderson, 2018, p. 51)

Unlike Ruth in Proof, Ava can acknowledge her own genius. However, Ava is also able to
accept that she lives in a society that will continue to denigrate and belittle her, while praising
her male counterpart.

Such disregard for female mathematicians and glorification of male mathematicians can
also be seen in Proof. Hal underestimates Catherine’s potential as a mathematician, reminding
her as she looks over her father’s work:

HAL: You don’t have the math. It’s all just squiggles on a page. You wouldn't
know the good stuff from the junk. (Auburn, 2001, p. 20)

Thus, he finds it impossible to believe that Catherine wrote the titular proof:

HAL: I'm a mathematician.

CATHERINE: Yes.

HAL: I know how hard it would be to come up with something like this. I mean
it's impossible. You'd have to be... you'd have to be your dad, basically. Your dad
at the peak of his powers.

CATHERINE: I'm a mathematician too.

HAL: Not like your dad. (Auburn, 2001, p. 64)

Even though Robert was regarded as “crazy” (Auburn, 2001, p. 39), and “nuts” (Auburn,
2001, p. 80), Hal still finds it difficult to believe that the proof could have been written by

Catherine, and not by Robert. Even though Hal ultimately comes to the conclusion that Catherine
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did indeed write the proof, it is notable that his initial instinct was to label Robert as the genius
behind the work, and to label Catherine as a liar.

It is clear that that Hal’s neglect towards Catherine’s mathematical potential is in direct
contrast to his respect and admiration for Robert:

HAL: He was the best. My generation hasn't produced anything like him. He
revolutionized the field twice before he was twenty-two. I'm sorry, Catherine, but
you took some classes at Northwestern for a few months. (Auburn, 2001, p. 64)

This disinterest in Catherine’s prowess as a mathematician goes beyond one individual
female mathematician. This general neglect towards female mathematicians can be seen
throughout the play:

HAL: No, you’re right. Really original work — it’s all young guys.
CATHERINE: Young guys.

HAL: Young people.

CATHERINE: But it is men, mostly.

HAL: There are some women.

CATHERINE: Who?

HAL: There’s a woman at Stanford, I can’t remember her name.
CATHERINE: Sophie Germain.

HAL: Yeah? I’ve probably seen her at meetings, I just don’t think I’ve met her.
CATHERINE: She was born in Paris in 1776.

(Beat.)

HAL: So I’ve definitely never met her. (Auburn, 2001, p. 35)

This dialogue is particularly powerful in showing the neglect for the work of female
mathematicians, especially considering that Hal, a PhD in mathematics, does not recognize the
name of one of the most famous female mathematicians in history.

Female mathematicians are students / Male mathematicians are teachers

The next theme found amongst the plays is that female mathematicians are portrayed to

be students, whereas their male counterparts are portrayed as their teachers.
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Ada and the Engine is quite literal in this student/teacher dynamic, since Charles serves
as Ada’s mentor, and Ada serves as Charles’ protege. From their first encounter, Ada seeks out
Charles’ counsel and advisement:

ADA: ...May I write to you? I tend to be presumptuous but you see I'm terribly
good at maths and terribly bored with everything else and I sense your depth of
wisdom and if you would accept my correspondence [ would be most excited —

Of course I understand if you are busy, which of course you are. And I am a girl
of little use to you, of course I am. (Gunderson, 2018, p. 17)

While this lifelong partnership is generally amiable, Charles is quick to remind Ada of the
hierarchy of their relationship when he begins feeling threatened by her work:

CHARLES: Your work is my work, this work, this idea, everything in this is mine
first. It doesn't exist without me and neither do you. (Gunderson, 2018, p. 49)

Similarly, in Mathematics of the Heart, Paul is acting as a teacher-type for Zainab, who is
serving as his teaching assistant, and who he is helping with her PhD:
PAUL: Let's hope it meets your expectations. So, what are you working on?
ZAINAB: I haven't decided yet. I've applied for a few scholarships but until I
formulate a title... I hoped you might be able to help me. (Chadwick, 2012, pp. 5-
6)
Paul takes his role even beyond a professional mentor when Zainab starts dating his
brother, Chancer:
PAUL: What the hell are you playing at? You can't go home with her.

CHANCER: Jealous, are we?
PAUL: I'm responsible for her. (Chadwick, 2012, p. 32)

In this moment, the student/teacher relationship moves into a more paternal realm, which
still renders Paul as dominant in the power structure.

In Proof, Catherine is continually demeaned as a student, whereas the male
mathematicians (her father and Hal) serve as her teachers. Catherine’s mathematical prowess is
evident throughout the play, but is often referenced in relation to what she learned or inherited

from her father, Robert. Catherine’s sister, Claire, attributes Catherine’s abilities to Robert:
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CLAIRE: I probably inherited about one one-thousandth of my father’s ability.
It’s enough. Catherine got more... (Auburn, 2001, p. 68)

Even Catherine deems her own abilities as being due to her father’s tutelage:

CATHERINE: My education wasn’t at Northwestern. It was living in this house
for twenty-five years. (Auburn, 2001, p. 64)

Hal tries to teach Catherine at several points throughout the play, including about
mathematical concepts that he believes Catherine does not understand:
HAL: Germain Primes.
CATHERINE: Right.
HAL: They’re famous. Double them and add one, and you get another prime.
Like two. Two is a prime, doubled plus one is five: also prime.

CATHERINE: Right. Or 92,305 x 216998 4 1,
HAL: (Startled) Right. (Auburn, 2001, p. 35)

Even when it comes to non-mathematical topics, such as the topic of Catherine’s own
father, Hal believes that Catherine can learn from him:
HAL.: ... “Machinery not working yet but I am patient.” “The machinery” is what

he called his mind, his ability to do mathematics.
CATHERINE: I know. (Auburn, 2001, p. 22)

At the end of the play, Hal credits the proof as Catherine’s own work after reviewing it
with “three or four of the guys at the department” (Auburn, 2001, p. 62). He tells Catherine:

HAL: This f***ing thing ... checks out... It works. I thought you might want to
know.

CATHERINE: ...It’s what I told you last week. (Auburn, 2001, pp. 78, 80)

However, it appears that Catherine’s proof is only finally legitimized when accepted by
her male counterparts.

Female mathematicians AND male mathematicians are mentally or physically ill

Another running theme in the plays is that both female and male mathematicians are
portrayed as ill, either mentally or physically. In Mathematics of the Heart, Paul is struggling

with the recent death of his father, and it has left him in a difficult mental state:
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CHANCER: You saw what he was like when Dad died. I've never seen Paul so
upset. So ... broken. (Chadwick, 2012, p. 38)

His emotions begin affecting Paul’s relationships, including with his girlfriend, Emma,
who ultimately leaves him:

PAUL: No. No. I did. I took it all out on you. I threw you out. Do you remember?
What did I say?

EMMA: It doesn't matter.

PAUL: ‘Get the f*** out.” That was it, wasn't it? You tried to comfort me and I
shouted it at you. ‘Get the f*** out!’

EMMA: Don't do this to yourself, love.

PAUL: I was so... angry. I could hardly think straight. (Chadwick, 2012, p. 62)

Paul’s aberrant actions also serve as an outward manifestation of his inner turmoil:

Then PAUL picks up a chair and smashes up the boat. EMMA screams, terrified.
(Chadwick, 2012, p. 63)

In Proof, both male and female mathematicians, more specifically Robert and Catherine,
are portrayed as insane or unstable. Several references are made throughout the play to
Catherine’s tendency to have depressive episodes of inactivity. Claire, Catherine’s sister, often
expresses concern about Catherine’s mental state:

CLAIRE: You slept all week. 1 had to cancel my flight. I missed a week of work

— I was this close to taking you to the hospital! I couldn’t believe it when you
finally dragged yourself up. (Auburn, 2001, p. 77-78)

Claire’s worries are so significant that she encourages Catherine to pursue professional

help for her psychological struggles:

CLAIRE: The resources... I've investigated—

CATHERINE: Oh my God.

CLAIRE: —if you wanted to, all I'm saying is, the doctors in New York and the
people are the best, and they—

CATHERINE: F*** you. (Auburn, 2001, pp. 45-46)

Much like Catherine’s mathematical abilities are attributed to her father, her mental
struggles are, as well:

CATHERINE: You think I’m like Dad.
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CLAIRE: I think you have some of his talent and some of his tendency toward...
instability. (Auburn, 2001, p. 45)

Robert’s mental illness is a recurrent topic. His mental state was so debilitating that he
was “barely functioning” (Auburn, 2001, p. 47). Catherine experienced many of his
hallucinations first-hand:

CATHERINE: He used to read all day. He kept demanding more and more books.
I took them out of the library by the cartload. We had hundreds upstairs. Then I
realized he wasn’t reading: he believed aliens were sending him messages through
the Dewey decimal numbers on the library books. He was trying to work out the
code. (Auburn, 2001, p. 19)

In The Five Hysterical Girls Theorem, Moses displays several qualities that imply that he
is mentally unstable, however, there are also mentions of the other mathematicians at the
conference struggling with mental health, such as Nikolai Nikolaiovitch:

VITTORIO VERONESE: They say at the height of his creativity, the madness
seized him.
FILIPIO VERONESE: The doubt.

LADY LOVE: The anxiety.
RAMACHANDRA: Acute. And the voices. (Groff, 2006, p. 14)

Another mathematician at the conference, Filipio Veronese, also displays his mental
illness when he commits suicide by drowning himself in the ocean:

VERA: The Veronese boy was unstable. His brothers said as much... His suicide
is not your fault. (Groff, 2006, p. 57)

His death hardly gains a reaction, as the conference continues in spite of the tragedy, perhaps
revealing the lack of focus given to mental health among this group of colleagues.

Moses has tendencies that suggest his own mental struggles. This is immediately
established through his inclination to get lost in his own mind, or speak to himself:

MOSES begins to speak in full-out lecture mode, to no one in particular. The
family waits patiently. (Groft, 2006, p. 9)

Moses also has what seem to be verbal tics, one in which he repeats the word “sh*t” three times

in a row, and another in which he giggles, which occurs seven times over the course of the play:
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MOSES: Ehee. Eheee. Eeheee. Eeehee... (Groff, 2006, p. 10)

These eccentric habits indicate that Moses is atypical. Moses’ daughter, Hypatia, also displays
both of these tics, which is particularly concerning considering she is otherwise a selective mute.
Furthermore, Moses abuses another character’s pills several times in the play, which is

likely a manifestation of his internal stress:

MOSES, also in a world of his own, takes another pill. (Groff, 2006, p. 64)

Along with his mental difficulties, Moses is also portrayed as physically unwell,
particularly in terms of his allergies (his skin can only touch silk without blistering):

KLEINE ESTHER: Father is allergic.
MRS. HILBERT: To wool?
VERA: To most everything. One grows accustomed to it. (Groff, 2006, p. 9)

Similarly, Ada and the Engine shows a female mathematician as having a terminal
physical weakness. Ada’s illness ultimately leads to her death, and it is something that she must
grapple with for the latter part of the play:

ADA: ...The doctors — I think they're placing bets on whether I survive the
winter... It's what I've been battling for years. And it seems it's winning.
(Gunderson, 2018, p. 52)

Several stage directions describe Ada’s pain:

The pain, even on drugs, overwhelms her. She clutches him. Breathes through it,
whimpers. (Gunderson, 2018, p. 61)

A Disappearing Number also depicts mathematicians’ sicknesses and resulting deaths. In

this play, Ruth is shown as unwell:

Her voice trails off and she holds her head. (McBurney, 2007, p. 53)
It is not long after this first sign of illness that Ruth dies at the age of 43:

AL: She had a brain aneurysm. She died on a train... here in India. (McBurney,
2007, p. 90)

Ruth is connected to her mathematical idol, Ramanujan, in the sense that his illness and

death are also highlighted in 4 Disappearing Number. Their similar health trajectories are
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physically mirrored, as Ruth “collapses forward” (McBurney, 2007, p. 32) moments before her
death, and Ramanujan, on the same page of the play, also falls to the floor in a moment of
weakness:

RAMANUJAN begins to sink to the floor. He lies down as the women feed him,
mop his brow. (McBurney, 2007, p. 32)

Just like Ruth, Ramanujan’s health problems lead to his untimely death, in his case, at age 32:

RAMANUJAN: I have a friend who loves me more than all of you, who doesn't
want to leave me at all. It's this tuberculosis fever. (McBurney, 2007, p. 88)

Notably, while Thomasina was not portrayed as mentally or physically unwell in
Arcadia, she meets an early death nonetheless, via a tragic accident:

HANNAH: No, she wouldn't. She was dead before she had time to be famous...
VALENTINE: She died?

HANNAH: ...burned to death.

VALENTINE: (realizing) Oh... the girl who died in the fire!

HANNAH: The night before her seventeenth birthday. (Stoppard, 1993, p. 80)

Female mathematicians AND male mathematicians consider math beautiful/artistic

Throughout the plays, a shared theme between female and male mathematicians is that
they see math as an object of beauty or as a form of art.

In Proof, Robert, Hal, and Catherine all appreciate the beautiful nature of mathematics.
Catherine acknowledges the artistry of Robert’s work:

CATHERINE: Beautiful mathematics. The most elegant proofs, perfect proofs,
proofs like music. (Auburn, 2001, p. 19)

Hal holds a similar admiration for Robert’s mathematical work:

HAL: Plus the work was beautiful. You can read it for pleasure. It’s streamlined:
no wasted moves, like a ninety-five-mile-an-hour fastball. It’s just... elegant.
(Auburn, 2001, p. 37)

Robert discusses his own work in much the same poetic way:

ROBERT: ...I knew what I wanted to do and I did it. If I wanted to work a
problem all day long, I did it. If I wanted to look for information — secrets,
complex and tantalizing messages — I could find them all around me. In the air. In
a pile of fallen leaves some neighbor raked together. In box scores in the paper,
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written in the steam coming up off a cup of coffee. The whole world was talking
to me. (Auburn, 2001, pp. 10-11)

Though the high school characters in Victoria Martin: Math Team Queen generally use
less poetic descriptions to describe math, such as “cool” (Walat, 2007, p. 82) and “awesome”
(Walat, 2007, p. 37), Victoria also displays her regard for mathematics as art:

VICTORIA: ...But then I just start moving my pencil. Fast. I pretend it’s like the
brush of that guy on that painting show — do you ever watch that after school?
Scratch, scratch, scratch, and I don’t know where I’'m headed, I’'m just doing it —
substituting in, distributing — stabbing at it through the mist, like when that artist
guy makes a stroke of color across the white canvas... (Walat, 2007, p. 36)

The male and female mathematicians, alike, in A Disappearing Number also value
mathematical beauty. Aninda, a mathematician who serves as a narrator for much of the play,
recognizes the artistry of Ramanujan’s work:

ANINDA: His body was failing no doubt, but his mind created these beautiful,
fragile theorems. (McBurney, 2007, p. 87)

In actual quotes from G.H. Hardy’s book, 4 Mathematician’s Apology, that are used in
the script, Hardy shares his thoughts about mathematical beauty:

HARDY:: (Voice-over) ‘The mathematician’s patterns, like the painter’s or the
poet’s, must be beautiful; the ideas, like the colours or the words, must fit together
in a harmonious way. Beauty is the first test: there is no permanent place in the
world for ugly mathematics.” (McBurney, 2007, p. 41)

Ruth shares similar opinions about the importance of mathematics as aesthetically
inspired:

RUTH: (Voice-over.) It should be obvious by now that [ am only interested in
mathematics as a creative art. (McBurney, 2007, p. 81)

This idea of mathematics as a creative art is something that Ruth discusses several times
throughout the play:
RUTH: (Voice-over.) It may be very hard to define mathematical beauty but that
is true of beauty of any kind. We may not know quite what we mean by a
beautiful poem, but that does not prevent us from recognising one when we read

it. (McBurney, 2007, p. 42)
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In The Five Hysterical Girls Theorem, the mathematicians worship mathematics as
something beautiful and sacred:

PIERRE: I want to give you something.

KLEINE ESTHER: What?

PIERRE: A present.

KLEINE ESTHER: You must not waste your money.
PIERRE: Fifteen thousand five hundred fifty-one.

(Pause.)

KLEINE ESTHER: Yes?

PIERRE: It's a Palindromic Prime. (Groff, 2006, pp. 42-43)

Pierre sees this number not only as something beautiful, but also as a gift to be given to
the woman he loves, thus showing the value he places on mathematics.
Even the eleven-year-old Sophie, a budding mathematician, has a particularly poetic
definition of what mathematics is:
GILBERT: What do you mean Mathematics?

SOPHIE: The struggle for expressions of interconnectedness in symbolic form.
What do you mean Mathematics? (Groff, 2006, p. 16)

The mathematicians at the conference continue to see mathematics as an art, sometimes
personifying numbers and theorems by describing them as “luscious” (Groff, 2006, p. 45),
“gorgeous” (Groft, 20006, p. 48), “enchanting” (Groff, 2006, p. 48), “exquisite” (Groff, 2006, p.
48), “beloved” (Groft, 2006, p. 59), “auspicious” (Groff, 2006, p. 72), and even “terrifying”
(Groff, 2006, p. 49)

In Ada and the Engine, Ada appreciates the artistic nature of mathematics. Even the way
that she does mathematics is artistic:

But how she works on maths is... musical. She hums as she works. (Gunderson,
2018, p.9)

This connection between mathematics and music is ever-present in Ada’s life:

ADA: (Like "what a great song!") Thirty-one? What a prime. I do so love primes,
don't you? Lonely odd little things. (Gunderson, 2018, p. 15)

She explicitly references this mathematical and musical connection:
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ADA: Yes. Music and mathematics share a language I find. (Gunderson, 2018, p.
17)

In Arcadia, Valentine is another mathematician who compares his work to music:

VALENTINE: Distortions. Interference. Real data is messy... It's all very, very
noisy out there. Very hard to spot the tune. Like a piano in the next room, it's
playing your song, but unfortunately it's out of whack, some of the strings are
missing, and the pianist is tone deaf and drunk — I mean, the noise! Impossible!...
You start guessing what the tune might be. You try to pick it out of the noise. You
try this, you try that, you start to get something — it's half-baked but you start
putting in notes which are missing or not quite the right notes... and bit by bit...
the lost algorithm! (Stoppard, 1993, p. 50)

This not only illustrates mathematics as an art, but it also shows mathematics as mirroring the
beauty of the natural world. This is an idea that Thomasina considers:
THOMASINA: Each week I plot your equations dot for dot, xs against ys in all
manner of algebraical relation, and every week they draw themselves as
commonplace geometry, as if the world of forms were nothing but arcs and
angles. God's truth, Septimus, if there is an equation for a curve like a bell, there

must be an equation for one like a bluebell, and if a bluebell, why not a rose?
(Stoppard, 1993, p. 41)

4.4 Overall findings

This chapter has presented the findings from the sequential mixed methods content
analysis of the seven selected plays, with the primary goal of discovering how the characters of
female mathematicians and male mathematicians are developed and represented in plays. Figure

7 shows the convergence of the qualitative findings and the quantitative findings for this study.
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Development Representation

Female mathematicians are solitary; Female mathematicians are underestimated
or subordinate; Female mathematicians consider math beautiful/artistic

Female mathematicians are mentally or physically ill

Female mathematicians are students
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Male mathematicians are part of a larger cohort; Male mathematicians are praised;
Male mathematicians consider math beautiful/artistic

Male mathematicians are teachers

Male mathematicians are mentally or physically ill

Figure 7. Convergence of Qualitative and Quantitative Findings

The bars on the left show the development of the male and female mathematicians
according to frequency of codes used, and the words on the right show the representation of the
male and female mathematicians, aligned so that they are next to whichever code is most closely
aligned to that representation (i.e. illness is a physical trait, so the themes about illness fall next
to the physical bar).

Overall, the findings from Research Questions 1 and 2 indicated that dispositional traits
are the most common in the development of both female mathematician and male mathematician
characters. Thus, it is logical that many of the representations found from Research Question 3
could be seen as relating to the characters’ overall personality, attitude, or identity. These
dispositional traits manifested in several different representational themes that reveal something

about who these characters are (female mathematicians are solitary; male mathematicians are
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part of a larger cohort; female mathematicians are underestimated or subordinate; male
mathematicians are praised; both female and male mathematicians consider mathematics to be
beautiful/artistic). However, there are also some differences in the ways in which female and
male mathematician characters are developed in plays. Playwrights are more likely to use
motivational traits when developing male mathematicians, and are more likely to use physical
traits when describing female mathematicians. The representations of these traits are in part
explained by the findings from Research Question 3. The fact that male mathematicians are seen
as teachers, whereas female mathematicians are seen as students, relates to the motivational traits
that are more commonly attributed to the male mathematicians (as seen in their desire to be
professors, their desire to impart knowledge, etc.). Though female mathematicians were
developed using physical traits, there were not overarching themes about the specific physical
ways that female mathematicians were represented across the plays. Interestingly, though male
mathematicians are not developed using physical traits as commonly as female mathematicians
are, Research Question 3 indicated that both male and female mathematicians are represented as
mentally or physically ill (health conditions fall under physical traits).

Overall, the explanations provided from Research Question 3 imply that female
mathematician characters are represented as being inferior to males, whether that be socially,
vocationally, or academically.

Chapter 5 presents a discussion, conclusions, and recommendations for future research.
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Chapter 5: Discussion

This study explores mathematicians in plays, specifically by comparing the development
and representation of female mathematicians to those of their male counterparts. The study was
guided by the following research questions: 1) How do the developments of female and male
mathematician characters compare across individual plays?; 2) How do playwrights develop the
characters of female and male mathematicians in contemporary plays?; 3) What are the ways in
which female and male mathematicians are represented in contemporary plays? Using a
sequential mixed methods content analysis methodology, this study examined whether or not
there are meaningful gendered differences in how playwrights develop and represent
mathematician characters. These differences may help to illuminate implications about social
dynamics and gendered academic/career choices within the field of mathematics. This chapter
highlights: 1) The discussion of the findings, and how they relate to the existing literature; 2) The
practical implications in mathematics education; 3) The limitations of the study and
recommendations for future research; 4) The theoretical contributions of the study; and 5)
Conclusions.

5.1 Discussion of findings

Research Question 1: How do the developments of female and male mathematician characters
compare across individual plays?

Research Question 1 revealed that Arcadia and Ada and the Engine are similar in the fact
that they both do not have motivational as one of their top three traits, and that they are both are
set in England in the early 1800s. Therefore, the lack of motivational traits used to develop the
female mathematician characters in Arcadia and Ada and the Engine may be as the result of the
playwrights commenting on the societal views about women in England during the early

nineteenth century. During this time period in England, women's lives were significantly
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controlled by men, encompassing both their physical and mental autonomy (Eden, 2024). Indeed,
“At the beginning of the 1800s very few girls [in England] had access to education, and there
was widespread hostility towards the idea of providing educational opportunities for girls”
(Eden, 2024, p. 33). Thus, women were essentially unable to be academically motivated in this
society, which is highlighted in the development of these female mathematician characters.

The Five Hysterical Girls Theorem and Proof are similar in that they are the only two
plays in which biological traits were among the two least common characteristics that were used
to develop the female mathematician characters, and that they both have female mathematician
characters who are the daughters of male mathematician characters. This may reveal that
biological traits (such as gender) are less likely to be mentioned, or are considered less
important, when the female mathematician is the daughter of a male mathematician. Perhaps her
identity in relation to her father supersedes her gender identity in such characterizations. This
concept harkens back to an idea found in the literature, that female mathematicians are portrayed
as appendages to their ‘better’ male counterparts (Mendick et al., 2008). In the case of Hypatia
and Sophie (Moses’ daughters) in The Five Hysterical Girls Theorem, and Catherine (Robert’s
daughter) in Proof, there is less of a focus on their gender, and more of a focus on their status as
products of their great mathematician fathers.

For male mathematicians, The Five Hysterical Girls Theorem, Proof, and Ada and the
Engine are similar in that they all have decisive expedient traits among the least used in the
development of male mathematicians, and are all written by American playwrights. This idea
that American playwrights are less likely to develop male mathematician characters that act
based on logic (as the decisive expedient traits indicate), may be linked to differences in how

male mathematicians are viewed more generally by Americans individuals. Research Question 1
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implies that American playwrights tend to use less deliberative expedient traits (which refer to
logical thought) than playwrights from other countries when developing male mathematicians.
This may be mirroring a larger trend in American mathematics education. In mathematics
standards in the United States, logical thinking, reasoning, and proofs constitute only a very
small portion of the formal curriculum, despite the importance of proofs in higher-level and
professional mathematics (Liu et al., 2015). However, in other countries throughout Europe and
Asia, logic is taught explicitly in mathematics classrooms (Liu et al., 2015; Holvoet, 2021).
Therefore, the ways that the mathematician characters are developed in plays can reveal
something about the actual mathematics curriculum in the playwright’s own country (in this
case, the lack of emphasis on logical thinking in many American mathematics classrooms).

Research Question 2: How do playwrights develop the characters of female and male
mathematicians in contemporary plays?

Research Question 2 revealed that there are far more codes overall attributed to male
mathematicians than those attributed to female mathematicians. When analyzing the distributions
of percents by gender, it was found that dispositional traits comprise the highest percentage of
codes for both genders, with motivational being the next most common for male mathematicians,
and physical being the next most common for female mathematicians. This difference is
noteworthy because, whereas male mathematicians are developed using traits that relate to their
goals, desires, ambitions, and motivations, female mathematicians are developed using traits that
refer to their looks and physicality. This idea reflects what was found in the literature about the
differences in female and male characters in fiction, such as that females are associated with their
looks (Burgess et al, 2007; Gerding & Signorielli, 2014; Manzoor et al., 2016; Miller et al.,
2016; Hall & Suurtamm, 2020; Kumar et al., 2022) and males are associated with power/prestige

(Hillman, 1974; Miller ef al., 2016). While the female mathematicians were developed using
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physical traits across all seven plays, the actual representations differed from play to play. Some
of the plays represented the female mathematicians as physically beautiful, such as Victoria
Martin: Math Team Queen, which aligns with the media representations of females as
hypersexual in fictional works (Burgess et al, 2007; Miller et al., 2016). Other plays, such as
Arcadia, consistently described the female mathematicians as young, which is a physical trait in
Smiley’s framework, and is not a representation that is addressed in other literature. Other plays,
such as Proof, simply described the clothing of the female mathematicians in greater detail than
they described the clothing of the male mathematicians, which, while not directly addressed in
existing literature, does relate back to the idea that the general appearances of women in media
are more subject to comments than the general appearances of men in media (Gerding &
Signorielli, 2014). Even the fact that there was not an overarching theme about the physical
representations of female mathematicians across plays is illuminating. It reinforces the idea that
women’s looks, no matter what they are, are of great importance. Such gender differences harken
back to the traditional and sexist ideals that the worth of a man is based on his work, and the
worth of a woman is based on her looks.

Thus, plays about mathematicians seem to perpetuate dangerous misogynistic views.

Research Question 3: What are the ways in which female and male mathematicians are
represented in contemporary plays?

Research Question 3 revealed five major themes amongst the plays: 1) Female
mathematicians are solitary / Male mathematicians are part of a larger cohort; 2) Female
mathematicians are underestimated or subordinate / Male mathematicians are praised; 3) Female
mathematician are students / Male mathematician are teachers; and 4) Female mathematicians
AND male mathematicians are mentally or physically ill; and 5) Female mathematicians AND

male mathematicians consider math beautiful and artistic. Of the themes that show meaningful
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differences between the genders, female mathematicians tend to have patterns with more
negative connotations that render them inferior to males (solitary, subordinate, student).
Interestingly, solitude and lack of social interaction are traits that are largely associated with
mathematicians, as seen in the existing literature (Piatek-Jimenez, 2008). So, in that sense, the
fact that the female mathematicians are shown as isolated solidifies their status as true
mathematicians, albeit through a somewhat limiting, negative stereotype.

Overall, the findings from the three research questions indicate that female and male
mathematicians are developed differently, as seen particularly in the ways that playwrights are
more likely to use motivational traits when developing male mathematicians, and are more likely
to use physical traits when describing female mathematicians. Such gender differences can also
be seen in the representations of these characters, particularly because the female mathematician
characters are represented as being inferior to males, whether that be socially, vocationally, or
academically. Thus, plays constitute an additional medium that validates pervasive stereotypes

and limiting views about female mathematicians. These findings are illustrated in Figure 8.
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Figure 8. Developments and Representations of Female and Male Mathematicians in Plays
Figure 9 illustrates how the findings of this study are situated in the wider existing

literature.
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Figure 9. Situating the Findings of this Study in Literature

Plays about mathematicians are one part of the portrayal of mathematicians in the media.
Furthermore, the way that the female and male mathematicians are developed and represented
within the plays can lead to certain perceptions of mathematicians by those that read/watch these
plays. Alternatively, the perceptions of mathematicians may affect the way that playwrights
develop and represent mathematician characters. Therefore, plays about mathematicians become
a part of the cycle of portrayals of mathematicians in media, perceptions of mathematicians, and
stereotypes about mathematicians, and how they all impact one another (and thus, impact the
mathematics self-concept of individuals).

5.2 Practical implications in the field of mathematics education

These findings have implications for mathematics teaching and learning. Research

Questions 1 and 2 both highlight the fact that female mathematicians are developed with an

emphasis on their physical traits. This can have a profound impact on learning for female

97



mathematics students. Studies have shown that when focus is given to females’ appearance, they
perform worse on mathematics assessments (Fredrickson et al., 1998; Gervais et al., 2011).
When focus is given to women’s bodies, particularly via objectification, this can diminish
females’ mental performance by occupying space in their minds (Fredrickson et al., 1998). This
can lead to ““a vicious cycle in which women are first objectified and as a result underperform,
confirming the notion that women’s looks are more important than what they do” (Gervais et al.,
2011, p. 14). Therefore, the focus on the physicality of females in plays can perpetuate a harmful
focus on women’s bodies rather than on their minds.

Research Question 3 confirms many themes that were found in the existing literature on
stereotypes of mathematicians, including those in media forms other than plays (Wilson &
Latterell, 2001; Mendick et al., 2008; Piatek-Jimenez, 2008; Epstein ef al., 2010; Pantsar, 2016;
Haynes & Haynes, 2022). One notable difference is the theme that female mathematicians are
isolated, whereas male mathematicians are part of a larger cohort. This is noteworthy, because
the existing literature concludes that mathematicians in media are represented as isolated,
regardless of gender (Piatek-Jimenez, 2008), meaning that this study has illuminated that plays
represent male mathematicians differently (as belonging to cohorts). In mathematics education,
the importance of group work and collaborative learning is a major topic of research (Kogak et
al., 2009; Sofroniou & Poutos, 2016; Lahann & Lambdin, 2020). If the idea of female
mathematicians as solitary is perpetuated by plays, this could impact female students’
mathematics learning, by discouraging them from engaging in a collaborative mathematical
environment.

Research Question 3 also highlights the beauty that mathematicians see in mathematics.

This is an idea that should be encouraged in mathematics education. Mathematics education
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researchers have made it clear that it is critical to situate mathematics learning into useful, real-
world contexts, so that students can see the utility and practicality of what they are learning
(Strasser, 2011; Teixera, 2023). However, students also feel that “mathematics is a largely rule-
oriented body of knowledge that is acquired through the memorization of discrete number facts
and algorithmic rules” (Merseth, 1993, p. 549). In examining an artistic medium such as plays
that focus on the beauty, rather than on the utility of mathematics, students may gain a deeper
appreciation for, and connection to, the mathematics that they learn. In 4 Disappearing Number,
Ruth says: “It may be very hard to define mathematical beauty but that is true of beauty of any
kind. We may not know quite what we mean by a beautiful poem, but that does not prevent us
from recognising one when we read it” (McBurney, 2007, p. 42). Perhaps with an intentional
approach of focusing on the beauty of mathematics rather than the utility, teachers could engage
students with rich mathematics in more meaningful ways, and could help students to move
beyond their understanding of mathematics as simply a list of rules.
5.3 Limitations and recommendations for future research

While this study provides important insight about the development and representation of
mathematicians in plays, there are some limitations that should be considered. As is the nature of
qualitative research, the results found here are not truly generalizable. Given that these plays are
all written by different authors, in different years, in different parts of the world, and that the
plays are set in different time periods and settings, it can be challenging to develop conclusions
that are generalizable across the entire medium. Additionally, the sample size is fairly limited.
However, it was important for me to strike a balance between picking a large number of plays,

which may not allow me to analyze each play as deeply, and picking a very small number of
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plays, which may allow me to deeply analyze each play, but with the cost of generalizability
(Creswell & Poth, 2018).

Furthermore, qualitative studies inherently involve subjective interpretation. In research
of this nature, the researcher's perspective inevitably influences the findings. This was addressed,
using the methods of validity and reliability described earlier. However, complete objectivity
remains unattainable in this study. Instead, detailed descriptions of my systematic approach have
been provided to ensure transparency and enhance trustworthiness.

The results of this study are also limited because I chose to only examine the written
scripts of plays, rather than examining full performances. Since plays are typically meant to be
performed, the text is subject to the interpretation of the director, actors, etc. Therefore, the
findings of this study do not encompass such nuances, and future studies would need to be
conducted in order to account for different interpretations of female and male mathematicians in
full productions.

The limitations of this study could allow for future research. Research Question 1 (How
do the developments of female and male mathematician characters compare across individual
plays?) could be explored more deeply with a wider sample size of plays. For example, this
study focused only on contemporary plays, the earliest of which premiered in 1993. Examining
plays over a larger period of time may illuminate other trends or similarities in plays and their
developments of female and male mathematician characters. The sample of plays could be
further widened by also examining plays that highlight characters who are not mathematicians,
but whose careers use mathematics, such as physicists.

Furthermore, in analyzing these seven plays, several mathematical themes and patterns

became clear, in addition to the emergent themes about the mathematician characters themselves.
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Many mathematical concepts were repeated in at least two plays which, given the multitudinous
mathematical topics that could be featured, seems noteworthy. For example, the number 1,729
(the smallest number expressible as the sum of two cubes in two different ways: 123+1° and
103+93%) was referenced in both Proof and A Disappearing Number. The second law of
thermodynamics was referenced in both Arcadia and A Disappearing Number. The Riemann
Zeta Function was referenced in both 4 Disappearing Number and The Five Hysterical Girls
Theorem. Clearly, these mathematical overlaps are more specific than the plays simply
mentioning a broader topic, such as calculus or statistics. Therefore, future research could
analyze the actual mathematics within these (and other) plays about mathematicians. Early stages
of this work show how plays could be used in liberal arts mathematics courses (LaPlace, 2025),
but deeper analysis may lead to new discoveries, perhaps even influencing pedagogical choices
in mathematics classrooms.

Similarly, this study could help to inform practice-based research. Now that the plays
have been analyzed for their representations of male and female mathematicians, it could be
illuminating to conduct research on student reactions to these plays when read in the classroom.
Theater has the “capacity to adjoin and to assimilate every other art [the written word, music,
dance, costumes, sets, etc.]” (Gertsberger, 2009, p. 70), so it is the most comprehensive medium
with which to engage students. One could explore students’ beliefs about mathematicians and/or
their own mathematical identity, and whether or not this changes after reading any of these plays.
5.4 Theoretical contributions of the study

This study adds to knowledge in the field of mathematics education by examining
questions about whether or not there are meaningful gendered differences in how playwrights

develop and represent mathematician characters. Such variance may help to highlight
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implications about social dynamics and gendered choices (regarding both academics and careers)
within the field of mathematics.

Furthermore, this study is examining an otherwise uninvestigated media that affects the
widely-held image of mathematicians. As exemplified in existing literature, media is an
important factor in influencing mathematics self-concept, which has repercussions in
mathematics education (Mendick et al., 2008; Sheffield, 2017; Ellemers, 2018; Hall &
Suurtamm, 2020). Particularly, the conclusions of this study related to the comparison of male
and female mathematicians may help to illuminate the influence of media on academic or career
choices in STEM fields that underrepresented students (such as females) might make.

This study also provides a theoretical contribution by contextualizing gender roles within
the specific domain of mathematics and its portrayal in plays. I am contributing to social role
theory (Eagly & Wood, 2012) by demonstrating how established societal gender norms are
reinforced and manifested in the portrayal of male and female mathematician characters within
dramatic plays.

This consistent portrayal of female characters with inferior developments and
representations illustrates how broader societal stereotypes are embedded in cultural narratives.
Even in contemporary plays, gender stereotypes are persistent. Though the views of modern
society on the roles of females have changed significantly in the past century, the true
stereotypes in modern society are revealed by plays written by contemporary playwrights,
regardless of the playwright’s gender. While this could possibly be due to the playwrights
attempting to expose current gender stereotypes about female mathematicians, it might also
demonstrate the stereotypes of the playwrights themselves. Therefore, this study has confirmed

another medium that could reinforce stereotype threat theory (Steele, 1997; Sole, 2019).
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In addition to contributing knowledge to the field of mathematics education, this research
also aims to have a methodological contribution. I introduced and adapted dramatic theory as a
lens for analyzing the portrayals of mathematicians in plays, which is a unique methodological
choice in a mathematics education study. This can lead to new understandings of the potential
influence of media on the development of an individual’s mathematics identity. This study could
inspire new research questions, thus opening the door for future studies (perhaps investigating
the effect these plays may have on students’ mathematical performance/disposition in the
classroom). Furthermore, the use of Smiley’s (2005) characterization framework as the basis for
a codebook was a novel use, thus providing a methodological contribution in both mathematics
education and theater research.

I also developed and implemented an extended, sequential mixed methods content
analysis approach. This is an innovative use of a methodology that is typically quantitative,
which may inspire future research questions and studies to use this sequential mixed methods use
of content analysis.

5.5 Conclusions

The societal perceptions of mathematicians can affect young people’s understanding of,
and desire to do, mathematics (Epstein et al., 2010). Prior research has highlighted the
representation of women in plays (John, 1978; McLuskie, 1992; Smith, 1991), and the
representations of mathematicians in other media forms such as books (Fellus et al., 2022;
Darragh, 2018), advertisements (Evans ef al., 2013), television, and movies (Salopek, 2018).
However, little, if any, research has been conducted on the image of mathematicians, particularly
comparing representations of female and male mathematicians, in plays, thus creating a gap in

the existing research.
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The purpose of this study was to explore the representations of mathematicians in plays,
specifically by comparing the representations of female mathematicians to those of their male
counterparts. The study was guided by the following research questions: 1) How do the
developments of female and male mathematician characters compare across individual plays? 2)
How do playwrights develop the characters of female and male mathematicians in contemporary
plays?; and 3) What are the ways in which female and male mathematicians are represented in
contemporary plays? These research questions were addressed through a sequential mixed
methods content analysis methodology. Using the Database of Mathematical Fiction (Kasman,
n.d.), seven plays were selected for analysis. Smiley’s characterization framework (2005) was
used as the basis for the codebook, and every line in each play that pertains to, or references, a
female or male mathematician character (both dialogue and stage directions) was coded.

Results indicated that there are far more codes overall attributed to male mathematicians
than those attributed to female mathematicians, and that dispositional traits comprise the highest
percentage of codes for both genders, with motivational being the next most common for male
mathematicians, and physical being the next most common for female mathematicians. Analysis
also indicated that females are represented as inferior to their male counterparts in the field of
mathematics.

My favorite line in Arcadia reads, “It’s wanting to know that makes us matter” (Stoppard,
1993, p. 80). While this study has expanded the knowledge base in the field of mathematics
education by exploring mathematicians in plays, this “wanting to know” can, no doubt, inspire

further research on the intersection of mathematics and theater.
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Appendix

A brief overview of each play and its production/publication history was given in Chapter
3. In this Appendix, a full summary of each play is provided, to give substantial context for the
analysis.

Arcadia by Tom Stoppard

Arcadia simultaneously tells two intertwined stories: one set in 1809, and one set in the
present day. Both stories take place in the same room at Sidley Park, an English estate. In the
1809 story, Thomasina Coverly, the teenage daughter of the house, has a deep philosophical and
intellectual relationship with her tutor, Septimus Hodge. The two discuss all matters, from
Fermat’s Last Theorem, to “carnal embrace.”

In the present day, author Hannah Jarvis is researching a hermit who she believed to have
lived at Sidley Park in the nineteenth century. Bernard Nightingale, an English professor, is also
conducting research at the estate, particularly to uncover an undiscovered part of the life of the
poet Lord Byron. Valentine Coverly, an heir to Sidley Park and a graduate student in
mathematics, helps the two academics in their search for the true history of Sidley Park and its
residents.

The play ends with Bernard Nightingale’s theories being discredited, Valentine
uncovering Thomasina’s mathematical musings that were revolutionary, and, in the 1809
storyline, Thomasina dying tragically in a fire after a passionate moment with Septimus.

The Five Hysterical Girls Theorem by Rinne Groff

The Five Hysterical Girls Theorem is set at a seaside hotel in England, at which a

mathematical conference is taking place. Mathematicians from a variety of countries are

attending the conference, including Italians (Vittorio Veronese, Claudio Veronese, and Filipio
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Veronese), Dutch (Botte Van Vriesland), Americans (Lady Camilla Goldsworthy Lowes Love),
Russians (three separate men, all named Nikolai Nikolaiovitch), Indians (Ramachandra), French
(Pierre Louis le Blanc de Fontanelle), and Hungarians (Moses Vazsonyi).

Moses Vazsonyi, who is allergic to all materials except silk and is prone to fits of
hysteria, is being recognized at the conference, while simultaneously attempting to find the fifth
(of five) “Hysterical Girl,” that is, prime numbers made up of links of 3s separated by singular 4s
(i.e. 334333). Moses fears that he has lost his mathematical ability and creativity, particularly
when the young Pierre Louis le Blanc de Fontanelle claims to have found the fifth Hysterical
Girl.

Meanwhile, Moses’ twin daughters, Sophie and Hypatia, who have traveled with him to
the conference, write and perform a play about mathematics for the mathematicians at the
conference. It becomes clear that they, particularly the often mute Hypatia, possess deep
mathematical abilities as well.

When Moses (and Hypatia) are wrongfully given credit for Pierre’s notebooks, in which
he details his work finding the fifth Hysterical Girl, Moses and his wife make the decision to
light the notebooks on fire, and leave the Hysterical Girls in the past. The play ends with
Hypatia, as a final act of their mathematical play, retrieving the notebooks from the fire.

Proof by David Auburn

Proofbegins with 25-year-old Catherine talking to her father, Robert, a mathematics
professor, in their home in Chicago. The audience quickly learns that Robert has recently died,
and Catherine is actually alone in the home. Robert struggled with mental illness, which
ultimately killed him, and Catherine worries about her life following a similar path, especially

since she dropped out of school and lost all social ties in order to care for her ailing father in his
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final days. Catherine’s sister, Claire, comes to Chicago for the funeral, and suggests that
Catherine join her in New York City, insinuating that Catherine may need some psychiatric
support and should not live on her own.

A former graduate student of Robert’s, Hal, is working through Robert’s many notebooks
of work in the home, despite Catherine’s protestations that the work is all meaningless, due to
Robert’s graphomania and hallucinations. Catherine and Hal soon form a romantic relationship.
Eventually, Catherine points Hal in the direction of a certain notebook amongst her father’s
otherwise unintelligible work. This notebook contains a revolutionary proof, which Catherine
claims to have written, to the disbelief of Hal and Claire, who think that Robert must have
written in.

The play ends with, after a great lack of faith, Hal conceding that Catherine must have,
indeed, written the proof.

A Disappearing Number by Simon McBurney and Complicité

A Disappearing Number simultaneously explores two stories: the present-day story of
mathematics professor, Ruth, and her husband, Al; and the story of Indian mathematician,
Srinivasa Ramanujan, and his relationship with English mathematician, G.H. Hardy, in the early
twentieth century.

Ruth’s story shows her as an accomplished mathematics professor. When she meets
Indian-American businessman, Al, the two fall in love and get married. Their relationship faces
many struggles (including the loss of their unborn child), much of which Al blames on Ruth’s
fierce commitment (to the point of insatiable obsession) to her job. Ruth is particularly fixated on

the work of Ramanujan, so much so that she travels to India to better understand him, his work,
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and his history. While in India, Ruth dies at age 43 of a brain aneurysm. Al then travels to India
to better understand Ruth, her work, and her passion for Ramanujan.

Ramanujan’s story chronicles his journey to England from India, and his collaborations
with G.H. Hardy. His approach to mathematics is deemed unorthodox to many of his English
colleagues, but G.H. Hardy recognizes his innate abilities. Ramanujan’s struggles with cultural
differences are highlighted, which in turn led to many physical and health difficulties. The play
follows Ramanujan through his battle with tuberculosis, and subsequent death at age 32.
Victoria Martin: Math Team Queen by Kathryn Walat

Victoria Martin: Math Team Queen follows popular high-school sophomore, Victoria
Martin, who is forced to join the school’s math team in order to avoid detention. She joins the
existing team members Peter (a senior who has already been accepted to MIT), Max (a junior
who is struggling to come out as gay), Franklin (a junior who is obsessed with the SATs), and
Jimmy (a freshman who infamously wet his pants at a school basketball game), as they compete
to win the state competition.

Throughout the play, Victoria realizes that all the components of her life previously most
important to her (her basketball-player boyfriend, her cheerleader friends) are less significant
than her enjoyment of mathematics. The rest of the math team is surprised to find that Victoria is
an asset to the team, and she and Peter soon develop a romantic relationship.

Despite her initial attempts to keep her position on the math team a secret, the play ends
with Victoria embracing her new hobby, her new friends, and her new position as math team
captain.

Mathematics of the Heart by Kefi Chadwick
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Mathematics of the Heart follows Dr. Paul MacMillan, who is coping with the recent
death of his father, who, like Paul, was a mathematician. Paul and his girlfriend, Emma, are
working through Paul’s father’s belongings, and Paul finds it difficult to part with anything.

Paul’s wild brother, Chancer, is living in Paul and Emma’s apartment until his band can
get a steady gig. Much to Paul’s dismay, Chancer and Paul’s PhD student, Zainab, begin dating.
Paul has trouble facing his own relationship troubles, as Emma feels slighted by Paul’s
relationship (even after death), with his father.

Amongst his father’s things, Paul finds a disassembled boat that he then puts together,
thinking that it will help him to put his life back together, as well. After finding out that Chancer
and Emma had a brief affair in the past, and helping Zainab to get her dissertation underway,
Paul is left alone.

Ada and the Engine by Lauren Gunderson

Ada and the Engine chronicles the life of Ada Lovelace, daughter of the poet, Lord Byron
(whom she has never met) during her life in nineteenth-century England. Whereas Ada’s mother
is focused on Ada finding a husband, Ada would rather spend her time learning mathematics, or
reading the poetry written by her father.

When Ada meets Charles Babbage, mathematician and inventor, she is immediately
struck by his intellect, and his “Analytical Engine” that he is constructing. The two become close
friends, and, despite their desires, they never explore a romantic relationship. Ada marries Lord
Lovelace, a kind man who is unable to match her intellectually.

Ada continues to help Babbage with his Analytical Engine, providing important insight
and ideas throughout the process. She also translated an important paper detailing the Engine,

including her own supplemental notes that would bolster the reader’s understanding of the
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Engine’s capabilities. The play ends with Ada’s death at age 36, and from somewhere beyond
her life on earth, she is able to see the Engine doing what she always hoped it would do: making

music.
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