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ABSTRACT OF THE DISSERTATION
Mathematics is Art:
The Impact of a Non-traditional Metaphor of Teacher Mindset and Instructional Practices
By
Karise Fink Mace
Kutztown University of PA, 2022
Kutztown, Pennsylvania
Directed by Dr. Michele White

Many teachers hold the belief that one is either a “math person” or not, which impacts their
mathematical mindset and instructional practices, and in turn impacts their students’ mindsets
and learning experiences. Fostering the development of a mathematical mindset in teachers is
critical to dispelling the “math person” myth. As we are metaphorical in nature (Lakoff &
Johnson, 1980), the metaphors that we use to conceptualize mathematics are born out of and
impact our experiences in its study and provide a means for eliminating this myth. In this mixedmethods study I sought to understand the metaphors that in-service elementary teachers use to
conceptualize mathematics; how those metaphors impact their mindset and instructional
practices; and the impact of professional development guided by the metaphor mathematics is art
on their mindset and instructional practices in mathematics. I studied four in-service elementary
teachers in a small rural district and collected data on teacher mathematical mindset, instructional
practices, and metaphorical frameworks both before and after engaging the participants in
professional development guided by the metaphor mathematics is art. The results suggest that
elementary in-service teachers predominantly conceptualize mathematics through eight
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metaphors - mathematics is a destination, a product, a process, a discovery, human, lens, work,
and art. The results also indicate that there may be a relationship between teachers’ metaphorical
frameworks for mathematics and their mindset and instructional practices and that the
combination of mathematics is a process, a discovery, human, and art as dominant metaphors
may positively impact their mathematical mindset instructional practices.

Keywords: mathematical mindset, metaphor, artistic ways of knowing, mathematics is art,
mindset belief, research workbook
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Chapter 1: Introduction
Overview
I have spent my entire career in mathematics education. I have been a high school math
teacher, a writer and editor of mathematics curriculum and textbooks, a university mathematics
professor, an instructional coach and a teacher of students identified as gifted, and in all of these
roles I have worked to improve mathematics instruction in grades K-12. However, it wasn’t until
a few years ago that I began to see myself as a mathematician. While I enjoyed mathematics and
felt competent in my teaching, I did not think I had the right to claim “mathematician'' as part of
my identity. Further, I was discouraged by the number of students who failed mathematics
courses and disappointed that so many students (and faculty in other disciplines) claimed that
they were not “math people.” I wondered if I was a math person.
This notion of being either a math person or not a math person is influenced by the
understanding we hold about the nature of intelligence. Research by Jonsson, Beach, Korp, and
Erlandson (2012) indicated that people seem to have a preference for an entity theory of
intelligence, which generates a fixed mindset, or an incremental theory of intelligence, which
generates a growth mindset. This preference seems to be particularly prevalent in the field of
mathematics. That is, many believe that you are either a math person or not a math person.
Although there is research to counter this belief (Boaler, 2019; Chestnut et al., 2018; Devlin,
2000), it still seems to be deeply rooted in our society, which is evidenced by the mathematics
teaching practices that dominate our current educational system. Research in mathematics
education indicated that students should actively engage in learning mathematics (Boaler, 2002b,
2002a; Boaler & Staples, 2008; Shoenfeld, 2002, as cited in LaMar et al., 2020) and that anyone
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can learn mathematics (Boaler, 2019). Yet, according to LaMar, Leshin, and Boaler (2020), US
schools are stuck in a system of “fixed mathematics pathways” (p. 1) sorting and tracking
students at an early age based on their perceived abilities. I began to wonder what generated this
way of thinking and what I could do to change it.
Then, I read A Mathematician’s Lament: How School Cheats Us Out of Our Most
Fascinating and Imaginative Art Form by Paul Lockhart (2009). Lockhart begins the book by
telling of a musician’s nightmare. In this nightmare, the musician lives in a world where music
education is mandatory for all students, and students must master musical notation before they
are permitted to make music. They must copy notes onto the staff and are penalized if their stems
go the wrong direction. Only after they master the “language” of music through endless
worksheets, and show their mastery through standardized tests, are they allowed to actually sing
or play music. Lockhart (2009) then goes on to recount the nightmare that a painter has in which
painting is mandatory for all students. Similar to the students in the musician’s nightmare, the
students in the painter’s nightmare must master the techniques of painting through worksheets
and standardized tests before they are allowed to create. Both the musician and the painter are
horrified by their nightmares and are relieved when they wake up as the “real” world is not the
same as the world in their dreams.
Lockhart (2009) uses the fictitious and ridiculous nightmares of the musician and the
painter to illuminate what is wrong with mathematics education. He writes,
Sadly, our present system of mathematics education is precisely this kind of nightmare.
In fact, if I had to design a mechanism for the express purpose of destroying a child’s
natural curiosity and love of pattern-making, I couldn’t possibly do as good a job as is
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currently being done— I simply wouldn’t have the imagination to come up with the kind
of senseless, soul-crushing ideas that constitute contemporary mathematics education.
Everyone knows that something is wrong. The politicians say, “we need higher
standards.” The schools say, “we need more money and equipment.” Educators say one
thing, and teachers say another. They are all wrong. The only people who understand
what is going on are the ones most often blamed and least often heard: the students. They
say, “math class is stupid and boring,” and they are right. (pp. 2-3)
As I continued to read, I realized that for years I had subscribed to a mathematics
pedagogy that was cruel and unjust. No wonder so many people hated their math classes and
considered them a necessary evil. Fortunately, Lockhart (2009) did not end the story with the
nightmares. He went on to explain how we could approach the teaching of mathematics
differently, beginning with the understanding that “mathematics is an art” (Lockhart, 2009, p. 3).
He points his readers to A Mathematician’s Apology by G.H. Hardy (1940), which gives further
evidence and explanation of how mathematics is art. Through open-ended problems and dialogue
students of mathematics can “learn their own lesson rather than the one supposed by their teacher
or some other authority about what constitutes beauty or correctness” (Brown, 2007, p. 759),
which allows them to create mathematics in the way an artist creates a painting or a musician
composes a song. In reading these books, I embraced the metaphor mathematics is art, which
enabled me to claim “mathematician” as part of my identity and provided a new way for me to
learn and teach mathematics. This metaphor transformed my teaching and seemed to have a
transformational effect on my students’ learning. Could a shift in metaphor be the answer for
helping everyone think of themselves as a “math person”?
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Statement of Problem
Throughout my years as a mathematician and mathematics educator, I have participated
in a variety of mathematical teaching and learning experiences with children and adults. The
anecdotal evidence gained through these experiences and the evidence provided by the research
surrounding mathematics education and mathematical mindset have awakened me to the
following:
1. There is a disconnect between teacher beliefs in regards to mathematical mindset
and their teaching practices (Sun, 2019).
2. Many confident and competent teachers of mathematics suffer from math anxiety,
which has a negative impact on their pedagogy and the mathematical achievement
of their students (Ramirez et. al, 2018).
3. Most elementary teachers and many secondary teachers do not claim
mathematician as part of their identity.
These observations demonstrate the need for a transformation in teachers’ mathematical
identities in order to bring about a transformation in their students' and our culture’s mindset
about learning mathematics. Mezirow (1997) explained that critical reflection and discourse are
essential for transformative learning. Therefore, teachers’ understanding of their own
mathematical identity and the experiences that shaped it is a critical step in the transformation
process. This includes exploring the metaphor that they use for mathematics teaching and
learning as “metaphor might be a fecund site for critical reflection and transformative action”
(Davis, Towers, Chapman, Drefs, & Friesen, 2020, p. 407) and potentially plays a significant
role in influencing their mathematical identities.
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Lakoff and Johnson (1984) claimed that “the mind works metaphorically; our entire
conceptual systems, our ways of understanding the world, are based on the metaphors through
which we view the world” (as cited in Marshall, 2007, p.30). If this is the case, then the
metaphors that we use for teaching and learning mathematics have a profound impact on the way
we view mathematics and our role in it. Our mathematical identities and metaphors inform how
we engage with mathematics and as a result may foster or hinder our sense of belonging in its
study. Shifting to the metaphor mathematics is art invites belonging and has the potential to
impact a positive mathematical identity in teachers and students alike as the “artistic learning
process allows students to add depth to understanding, creativity, and innovation through
interpretive decision making and refinement to abstract reasoning” (Haroutounian, 2017, p. 44).
Research Questions
The metaphors teachers use for mathematics and mathematics teaching and learning
impact their mathematical identities (Portaankorva-Koivisto & Grevholm, 2019; Latterell &
Wilson, 2016; Kilic & Yelken Yanpar, 2013; Parks, 2010; Reeder, Utley, & Cassel, 2009;
Noyse, 2006). It stands to reason then that teachers’ metaphors for mathematics, as well as
teaching and learning mathematics, would have an impact on their mindsets and likely influence
their instructional practices. The objectives of this research are to explore teachers’ mathematical
metaphors and their impact on teacher mindsets and instructional practices and to investigate
whether using the metaphor mathematics is art can transform teacher mindset and practice. The
hope of this research is to answer the following questions:
1. How do elementary in-service teachers view mathematics through metaphorical
perspectives?
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2. What impact do metaphors have on elementary teacher mindsets and instructional
practices in mathematics?
3. How will professional development focused on embracing the metaphor mathematics is
art transform elementary teacher mindsets and impact their instructional practices in
mathematics?
Background and Context
There is a significant literature about the metaphors that preservice teachers hold about
mathematics and mathematics teaching and learning (Latterell & Wilson, 2016; Kilic & Yelken
Yanpar, 2013; Cassel & Vincent, 2011; Reeder, Utley, & Cassel, 2009; Noyes, 2006) but limited
literature about the metaphors that in-service teachers hold about mathematics and how those
metaphors impact teaching and learning in their classrooms (Davis et al., 2019; Yee, 2017). It
stands to reason then that unless in-service teachers engage in reflection and discourse around the
metaphors that they use for mathematics teaching and learning, they are likely to maintain the
ones that were established prior to entering the classroom, especially if those metaphors are
deeply embedded in the school culture or the greater educational culture. In their research about
metaphors, Lakoff and Johnson (1980) suggested that metaphors are “ways of seeing the world
that become more and more dense as they are re-articulated by multiple speakers” (as cited in
Parks, 2010, p. 83). Therefore, it is important for us to adopt and articulate metaphors for
mathematics that will promote positive student mathematical learning and identities.
Unfortunately, many of the metaphors used for mathematics portray it as “a narrow path,
which can be travelled in only one direction” which “obscures multiple-entry points into
mathematics and makes it difficult for teachers to see student work as varied without also seeing
it as ordered” (Parks, 2010, p. 86). The path metaphor of mathematics also contributes to a belief
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that some students are mathematicians and others are not, which promotes a fixed mindset in
students. Costa and Faria (2018) remind us that whether entity or implicit, the belief of
intelligence held by students affects their academic development. If students are to be successful
in mathematics, they must hold a growth mindset in mathematics, also known as a mathematical
mindset. As the beliefs that teachers hold about their own and their students' intelligence impact
their instructional practices (Seaton, 2018), teachers play a key role in the development of
students’ mathematical mindsets. Therefore, it is important to address the development of a
mathematical mindset in teachers so that they will, in turn, foster a mathematical mindset in their
students.
With the current growth-mindset movement, teachers seem to be embracing some of the
growth mindset language without actually transforming their mindset and practices. Sun (2019)
indicated that “teachers who report having growth mindset beliefs related to mathematics may
not necessarily instruct in ways that communicate the message that mathematics ability can
grow” (p.4). This disconnect between belief and practice makes transformation of teaching
practices particularly challenging and raises the question of how we might connect belief and
practice so that transformation takes place.
Professional development is likely to play a key role in this transformation. Historically,
much of the research around teacher professional development seems to focus on “specific
activities, processes, or programs in isolation from the complex teaching and learning
environments in which teachers live” (Opfer & Peddar, 2011, p.377). Geijse & Meijers (2005)
found that these professional development experiences “are often ineffective because they do not
pay attention to the sense making nature of teaching, and the need to give teachers opportunities
to change their own identities as learners” (as cited in Anderson et. al, 2018, p. 1).
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As teacher identity plays an important role in mindset, a focus on transforming teacher
mathematical identity is critical in bringing about mindset change. I theorize that one way in
which this might be done is through exploration into the metaphors teachers use for mathematics
and prompting the adoption of the metaphor mathematics is art. To take an artistic stance in
learning means that our “learning entails active construction of knowledge through hands-on
exploration and experimentation, which are interwoven with and shaped by creative thinking”
(Marshall, 2010, p. 16). In an often nonlinear fashion, artists observe, reflect on their
observations, creatively interpret their observations, generate a product, and critique their work.
At first glance, this process may appear very similar to Polya’s (1945/2014) problem solving
process (understand the problem, devise a plan, carry out the plan, revise/extend) that is often
employed in teaching and learning mathematics. However, unlike Polya’s process, the artistic
process invites the learner in and honors their experiences, interpretations, and products. In this
way, the artistic stance generates a sense of belonging and gives the learner a voice. By
encouraging teachers to shift their metaphor to mathematics is art we might be able to begin the
evolution of their mathematical identity to one that truly embraces a mathematical mindset that
will impact their instructional practices to ones that invite their students into the mathematical
conversation.
Potential Significance
There is a growing body of research around inequities in mathematics classes and
mathematics-based careers. In their review of the literature about the experiences of female
students in STEM (science, technology, engineering, and mathematics) during middle and high
school, Kim, Sinatra, and Syranian (2018) found that girls had a variety of experiences that
caused them to feel as if they did not belong in their STEM courses including being told that they
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were not as good at mathematics as boys, that science careers are masculine, and that you had to
be a certain kind of woman to be part of the in-group in the STEM classes. Boaler, Altendorff,
and Kent (2011) indicated that in addition to gender, social class and ethnicity also play a role in
participation and performance in mathematics classes and that students from homes with few
financial resources perform lower, as do students in certain ethnic groups. Being told that you do
not belong either directly or indirectly through instructional and assessment measures may
contribute to inequity in both participation and performance in mathematics classes (Boaler,
Altendorff, & Kent, 2011; Kim et al., 2018). Good, Rattan, and Dweck (2012) found that
students’ sense of belonging, that is their “sense of being valued and accepted by fellow
members of the discipline” (p. 700), was a predictor of both their achievement and their
intentions to continue to study in the discipline.
As a sense of belonging has the potential to impact students’ performance and
participation in mathematics, it is important to identify ways in which teachers might create a
learning environment in which their students feel like they belong in the study of mathematics.
Research by Wegner and Nuckles (2015) indicated that metaphors, particularly participation
metaphors, provide a means for students to understand their learning as participation in a
community of practice accepting that knowledge is something that one does and not merely
something that one acquires. Mathematics is art is a participation metaphor and as such may
provide the key to unlocking a growth mindset in students and teachers and may contribute to the
sense of belonging that they need to achieve and continue in the study of the mathematics
discipline.
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Theoretical Framework
The purpose of this research is to gain insight as to whether or not teachers’ mathematical
teaching and learning metaphors can be transformed to include the metaphor mathematics is art
and what impact that might have on their instructional practices. This work will be guided by
Lakoff and Johnson’s Conceptual Metaphor Theory (1980), Mezirow’s Transformative Learning
Theory (1978), and Implicit Theories of Intelligence (1985, 1988) with a focus on Mindset as
articulated by Carol Dweck (2006).
There are many metaphors that are used for describing mathematics and the learning of
mathematics and as with all metaphors, they impact how we act (Lakoff, 2014). Metaphors are
created out of experiences and help make sense of the abstract by connecting it to a familiar
framework that is constructed through those experiences. Conceptual Metaphor Theory (CMT)
posits that we form a “conceptual mapping from a ‘source domain’ frame for sending objects in
containers to a ‘target domain’ frame for communicating ideas via language” (Lakoff, 2014, p.
1). It is the source domain, which arises from our experiences, that helps us make sense of the
abstract concept. For example, in the metaphor “Time is money.” the target domain is “time” and
the source domain is “money” (Lakoff & Johnson, 1980). Because people are often paid for the
amount of time they spend working, we can use the source domain of “money” to help make
sense of the target domain of “time.” Identifying, mapping, and expanding the metaphors that
teachers use for mathematics and mathematical learning has the potential to provide insight to
teachers’ instructional practices by illuminating the experiences that have shaped their own
mathematical learning and now inform their teaching of mathematics and ultimately create the
experiences that will in turn impact their students mathematical learning and the metaphors that
they create for mathematics.
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Bringing about a shift in metaphor about mathematics and the learning of mathematics
will require a transformation in teacher beliefs and practices. According to Mezirow’s
Transformative Learning Theory (TLT), this necessitates a change in their frames of reference,
which are “the structures of assumptions through which we understand our experiences”
(Mezirow, 1997, p. 5). This can happen through “critical reflection on the assumptions upon
which our interpretations, beliefs, and habits of mind or points of view are based” (Mezirow,
1997, p. 7) which moves us from an instrumental way of learning to a communicative way of
learning. In the area of mathematics, the metaphors frequently used for mathematics indicate that
it is taught using an instrumental way of learning - mathematics is a tool, mathematics is a
bridge, mathematics is a language, mathematics is a structure (Latterell & Wilson, 2016). A
communicative way of learning moves the learning from meeting short term objectives toward
meeting their goals (Mezirow, 1997). Metaphors such as mathematics is art are more
communicative in nature and have the potential to bring about the needed transformation in
teacher beliefs and practices.
Another important condition for transformation is bringing teachers’ awareness to their
own theories of intelligence and ensuring that they embrace an incremental theory of intelligence
for both themselves and their students so that they possess a growth mindset and can foster a
growth mindset in their students. People who hold a growth mindset believe “that intelligence
can be developed, for example, through effort, good strategies, and input and mentoring from
others” (Dweck, 2019, p. 21). Unfortunately, many teachers and students hold a fixed mindset
about learning mathematics, which may contribute to lack of participation and
underrepresentation of certain demographics of students in the field (Sun, 2019).
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The relationship between metaphor, transformative learning, and growth mindset is an
interwoven and cyclic relationship. By using these three theories to frame this work, we have the
potential to better understand how to impact mathematics teaching and learning so that it is more
equitable.
Definition of Terms
● Entity theory of intelligence - belief that intelligence is fixed and unchangeable (Jonsson,
Beach, Korp, & Erlandson, 2012).
● Fixed mindset - the mindset held by those who ascribe to an entity theory of intelligence
and “believe that you are either smart or you are not” (Boaler, 2013, p. 143).
● Growth mindset - the mindset held by those who ascribe to an incremental theory of
intelligence and “believe that intelligence and ‘smartness’ can be learned and that the
brain can grow from exercise” (Boaler, 2013, p. 143).
● Incremental theory of intelligence - belief that intelligence is malleable and can change
(Jonsson, Beach, Korp, & Erlandson, 2012).
● Intelligence - smartness.
● Math abuse - “any negative experience related to an individual’s doing mathematics”
(Fiore, 1999, p. 403).
● Math anxiety - “a persistent fear, tension, and apprehension related to situations that
require math” (Ramirez, Hooper, Kersting, Ferguson, & Yeager, 2018, p. 1).
● Mathematical identity - “the dispositions and beliefs regarding an individual’s ability to
participate and perform effectively in mathematical contexts as well as use mathematics
to change the conditions of her/his lifes” (Pipere & Micule, 2014, p. 7).
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● Mathematical mindset - “knowing that math is a subject of growth” and a student’s role
“is to learn and think about new ideas” (Boaler, 2016, p. 34).
● Metaphor - a comparison between two things, of which one is typically abstract and the
other is more concrete, which helps one understand and explain the more abstract thing in
terms of the more concrete thing.
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Chapter 2: Literature Review
Development and Impact of Teacher Mathematical Identity and Mindset
The implicit theories of intelligence that people hold are essentially their beliefs about

their ability to learn. Jonsson, Beach, Korp, and Erlandson (2012) posit that people seem to have
a preference for an entity theory, which generates a fixed mindset, or an incremental theory,
which generates a growth mindset. In her research about mindset and its impacts on success and
failure, Dweck (2019) found that children’s response to failure was influenced by whether or not
they attributed their failure to lack of ability or lack of effort. That is, their response was
impacted by their beliefs about their ability to master a task. Research in neuroscience and
medicine has provided evidence that “brains are in a constant state of growth and change”
(Boaler, 2019, p. 17), which indicates that our past performance and levels of achievement do
not predict our future performance or ability to achieve. This provides powerful evidence to
counter the myth of the “math person” as “with suitable effort and strategies, as well as
appropriate instructional guidance, every school student can become proficient in mathematics”
(Chestnut, Lei, Leslie, & Cimpian, 2018, p.1). Simply put, there is no such thing as a “math
person.”
While evidence of a fixed mindset is found in all disciplines, research suggested that it is
more prevalent in some disciplines, namely mathematics (Jonsson et al., 2013, p. 387). This
indicates that mathematics teachers may be more likely to hold a fixed mindset instead of a
mathematical mindset, a growth mindset in mathematics. It is important then, to understand how
this fixed mindset is developed in teachers and how it impacts their mathematical identities and
instructional practices.
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A person’s mathematical identity is the way the individual “learns, does, thinks about,
retains or chooses to associate with the subject” (Leatham & Hill, 2010, p. 226). For teachers
mathematical identities are developed through their own mathematical experiences as learners
and through their “relationships and experiences with their peers, teachers, family, and
community” (Anderon, 2007 as cited in Pipere & Micule, 2014, p. 8). Heyd-Metzuyanim &
Shabtay (2019) indicated that teacher mathematical identities are also influenced by the
“narratives of what mathematics should be taught, how it should be taught, when certain topics
should be taught and to whom” ( p. 541).
Drawing on the research of Wenger (1998), Gee (2011), and Anderson (2007), Piper and
Micule (2014) identified four faces of teachers’ mathematical identity - engagement,
imagination, alignment, and nature. The engagement face of a teacher’s mathematical identity
centers around their direct mathematical experiences and level of competence as socially
acknowledged (Piper & Micule, 2014). The imagination face is related to how teachers situate
themselves in the mathematics discipline and the connections that they make between
mathematics and other aspects of their lives (Piper & Micule, 2014). The alignment face is
centered around the teacher’s alignment with the teaching and learning of mathematics as
structured and defined by the institutions in which they teach and learn (Piper & Micule, 2014).
While teachers are able to impact the first three faces of their mathematical identity, the nature
face is one that is out of their control as it is centered around their “biological inheritance” (Piper
& Micule, 2014, p. 8), that is their race, gender, etc. It is evident then, that our mathematical
identities result “from the negotiation of our own assertions and the external evaluations of
others” (Martin, 2007, as cited in Piper & Micule, 2014, p. 9). Therefore, in regards to their
mathematical identity formation, teachers are in a constant feedback loop of experiences, cultural
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and institutional expectations, and nature. The narratives that result from this feedback loop
continue to shape teachers’ narratives and impact their instructional practices which in turn
influence their own mindset development as well as that of their students.
In her research around mathematical mindset, Boaler (2013) reminds us of the
importance of teacher mindset in the development of student mindset because “when teachers
believe that everybody’s ability can grow, and they give all students opportunities to achieve at
high levels, students achieve at high levels” (p. 150). Teachers who embody a growth mindset
are better able to help their students develop a growth mindset and support their students’
learning (Rattan, Good, & Dweck, 2011; Seaton, 2018). As teachers “are the bedrock of
education” (Seaton, 2018, p. 41) they are well positioned to “effect systemic change” (Seaton,
2018, p. 41) and create more equitable mathematics learning opportunities for all students.
Therefore, it is critical that steps are taken toward developing a growth mindset in teachers as
there is a “need to change teachers’ and students’ ideas about who can achieve in mathematics,
and…to directly challenge the myth of the math person” (Anderson et al., 2018, p. 2).
There is a growing body of literature reflecting the impact of teacher mindset on
instructional practices (Chapman & Mitchell, 2018; Guerra & Wubbena, 2017; Jonsson, Beach,
Korp, & Erlandson, 2012; Polly, McGee, Wang, Lambert, Pugalee, & Johnson, 2013; Ramirez,
Hooper, Kersting, Ferguson, & Yeager, 2018; Rattan, Good, & Dweck, 2011; Stipek, Givvin,
Salmon, & MacGyvers, 2001; Sun, 2019). While this research is not entirely surprising, recent
research highlights a more surprising challenge as it points to a disconnect between self-reported
mindset and actual practice (Guerra & Wubbena, 2017; Sun, 2019). Sun (2019) found that the
teachers in her study “reported having a growth mindset related to mathematical ability” (p. 6)
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but they tended to send “mixed or fixed mindset messages in their implementations” (p. 7) of
some of their practices. In their research about culturally proficient teaching, Guerra and
Wubbena (2017) found that what teachers believed about their instructional practices did not
actually bear out in observation and that their actual practices aligned more with their deficit
beliefs. Because of the connection between teacher beliefs and practices, “beliefs and
assumptions must be brought to consciousness” (Guerra & Nelson, 2009, p. 354) if there is hope
in making lasting change. Interrogating the language that is used by teachers may yield insight
into teacher beliefs and assumptions as language is one way in which adults unintentionally
communicate mindset messages to children (Chestnut et al., 2018; Smith et al., 2018).
Metaphors for Mathematics and their Impact on Teaching and Learning
People use metaphors to conceptualize their lives and these metaphors impact how they
think and act (Lakoff & Johnson, 1980). In fact, people are so metaphorical in nature, that they
are not always aware of how their metaphors permeate their actions and language. In their work
in Conceptual Metaphor Theory, Lakoff and Johnson (1980) provide evidence for how the
language that is used in everyday life “can give us insight into the metaphorical nature of the
concepts that structure our everyday activities” (p. 7) using the example of the metaphor time is
money. Consider these common statements about time as provided by Lakoff and Johnson
(1980).
You’re wasting my time.
This gadget will save you hours.
I don’t have the time to give to you.
How do you spend your time these days?
That flat tire cost me an hour.
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I’ve invested a lot of time in her. (p. 7-8)
These statements (and many others) point to the fact that our Western culture views time
as a commodity (Lakoff & Johnson, 1980). This conceptualization of time impacts not only how
people understand time but also how they use it. In fact, time is money is a powerful example of
“the way in which metaphorical entailments can characterize a coherent system of metaphorical
concepts and a corresponding coherent system of metaphorical expressions for those concepts”
(Lakoff & Johnson, 1980, p. 9). This begs the questions 1) What are the metaphors that are used
to conceptualize mathematics? and 2) How do these metaphors impact how people speak about
and understand mathematics?
Pre-Service Teacher Metaphors for Mathematics
There is a growing body of research around the metaphors that pre-service teachers use
for mathematics (Cassel & Vincent, 2011; Latterell & Wilson, 2016; Noyes, 2004, 2006; Parks,
2010; Reeder, Utley, & Cassel, 2009). Noyes (2006) found that language, toolkit, journey and
structure were the four common root metaphors used by secondary pre-service teachers.
Latterell and Wilson (2016) supported and built on Noyes’s (2006) work as they identified
additional mathematical metaphors used by pre-service elementary teachers and ultimately
organized these metaphors into the following twelve categories: “Dangerous, Difficult,
Unpleasant, Impossible, Easy, Pleasant, Endless, Expansive, Process, Language, Necessary, and
Puzzle” (p. 287). Strikingly, about a quarter of the metaphors that pre-service elementary
teachers used fell into the negative categories of Dangerous, Difficult, Unpleasant, and
Impossible (Latterell & Wilson, 2016). For example, one pre-service teacher claimed “Learning
math is like walking through a field of bombs I don’t want to set off” (Latterell & Wilson, 2016,
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p. 287). Latterell & Wilson (2016) also found that about 44% of the metaphors used by preservice elementary teachers fell in the Endless, Expansive, and Process categories (p. 288).
In a study of 47 “pre-service elementary education majors” (p. 320), Cassel and Vincent
(2011) collected and analyzed metaphors about teaching science and mathematics and found that
the metaphors could be organized into five categories:“End-Product, End-Product/Process,
Process, Overwhelming, Unclear” (p. 321). Their analysis indicated that 64% of the metaphors
about teaching mathematics used by the participants could be placed in the end-product category
and included words like “complicated, challenging, outcome, solving, confusing, right
ingredients, right outcome, skills, get answers, conquer, laying a foundation, and sequential” (p.
321) while another 20% of the metaphors could be placed in the overwhelming category in
which the metaphors described teaching mathematics as “dark, intimidating, does not make
sense, a lot of work, no understanding, and scary” (p. 322). In another study of pre-service
elementary teachers, Reeder, Utley, and Cassel (2009) indicated that 62% of their participants’
metaphors for mathematics fall into the production category expressing that “students passively
receive knowledge from teachers” (p. 293) and another 19% fall into the journey category and
position “teacher as a guide or leader of an adventure with students actively participating in the
journey” (p. 294). Table 1 shows the relationship between pre-service teachers’ metaphors for
mathematics teaching and learning as indicated by the research of Cassel and Vincent (2011),
Latterell and Wilson (2016), Noyes (2006), and Reeder, Utley, and Cassel (2009).
In-Service Teacher Metaphors for Mathematics
Research around metaphors used by in-service teachers indicates that there are
similarities and differences between pre-service and in-service teachers metaphors for
mathematics and the teaching and learning of mathematics (Davis, et al., 2019; Sterenberg, 2008;
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Yee, 2017). In a study of two in-service secondary teachers and 22 ninth- and tenth-grade
students at a suburban high school, Yee (2017) found that the common metaphors in-service
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Table 1
Pre-Service Teachers Metaphors for Mathematics
Latterell and Wilson (2016)
Pre-service elementary teachers

Cassel and Vincent (2011)
Pre-service elementary teachers

Reeder, Utley and Cassel (2009)
Pre-service elementary teachers

End-Product: “stress the end of the activity in
order to obtain something” (p. 321). “Teaching
math is like a giant jigsaw puzzle because there
are so many different aspects, areas, formulas,
and ways to get to an answer” (p. 321).
“Teaching math is like building a house with
bricks because it takes a lot of patience and
many different components to make it whole”
(p. 321).

Production: indicate passivity of the learner of
mathematics “Mathematics is...a sponge and
water...a box of tools…” (p. 293).

Puzzle: “a process that reaches a conclusion, a
product” (p. 289). “Math is like a puzzle,
somehow everything goes together to form one
big solution” (p. 289).

End-Product/Process: “implied
mathematics...is something unknown and hard
to reach” (p. 322). “Teaching math is like
running cross-country track because each step
is different from the last and each terrain is
different. It is a long, hard journey, but when
you get to the finish line, the sense of
accomplishment is overwhelming” (p. 322).

Endless, Expansive, Process: “is always
changing, and...expands the participant’s
viewpoints” (p. 289). “Math is like an
unknown wonder of the world waiting to be
discovered” (p. 289).

Process: not focused on end result. “Teaching
science is like discovering a new world
because you are always finding something
new” (p. 322).

Dangerous, Difficult, Unpleasant
Impossible: “describe mathematics in a rather
negative fashion” (p. 288). “Math is like a
tangled ball of yarn, the more you try to work
it out, the more complicated it gets and the
more frustrated you get” (p. 288).

Overwhelming: focus on negative and/or
mundane aspects. “Teaching math is like a
merry-go-round of confusion because the
students do NOT always understand and you
go around the same point over and over” (p.
322).

Noyes (2006)
Pre-service secondary teachers
Toolkit: focus on a set of skills and is
instrumental in nature “Mathematics is a
powerful toolkit used to model everyday
problems and natural phenomena” (p. 903).
Structure: “concerned with mathematical
ontology itself…[or] concerned with the
epistemology of coming to know” (p. 905).
“Mathematics is a building block.” (p. 905).
Journey: focus on the sequential nature of
mathematics and how far one goes.
“Mathematics is a journey, understanding one
step leads to another, and each step relies on
the existence of the previous one” (p. 904).

Journey: active participation by learner.
“Mathematics is...a never ending field trip...a
bumpy road...a long hard journey…” (p. 294).
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Table 1 continued
Latterell and Wilson (2016)
Pre-service elementary teachers

Cassel and Vincent (2011)
Pre-service elementary teachers

Necessary: “mathematics is viewed as
important (downright needed), but it is really
not clear beyond that what participants think
mathematics is” (p. 209). “Math is like water,
we need it to survive” (p. 209).

Unclear: “did not portray a clear picture of
what students were thinking” (p. 323).
“Teaching math is like riding a roller coaster
because it is fun” (p. 323).

Easy, Pleasant: “describe mathematics and
mathematics learning as something active” (p.
288). “Math is like a walk through the fall
leaves” (p. 288).
Language: “Math is like a universal language
we all try to learn” (p. 290).

Reeder, Utley and Cassel (2009)
Pre-service elementary teachers

Noyse (2006)
Pre-service secondary teachers

Growth: Teacher gives “something to the
students that they need but can use in their own
way” (p. 294). “Mathematics is...a sunny
garden...a plant...a blooming flower” (p. 294).
Language: “has properties of internal logic
and is useful for describing and
communicating” (p. 902); pre-existing and
universal. “maths is the poetry of everything,
or the language with which everything
communicates with everything and how it
relates to everything” (p. 902).
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teachers used for problem solving in mathematics were “problem solving is a journey” (p. 150),
“problem solving is a race” (p. 151), “problem solving is discovery” (p. 151), “problem solving
is building” (p. 151), and “problem solving is a process” (p. 151). The journey and process
metaphors were also used by pre-service teachers as indicated by the research conducted by
Cassel and Vincent (2011), Lattrell and Wilson (2016), and Noyes (2006).
In her study of four in-service elementary teachers, Sterenberg (2008) used metaphors of
mathematics as a means for “understanding teachers’ experiences of mathematics and how they
might be connected to their images of mathematics” (p. 92). The results of her study indicated
these teachers’ dominant metaphors were “mathematics is a battle, a mountain, and a bridge”
(Sterenberg, 2008, p. 93). While these specific metaphors did not specifically show up in the
studies about pre-service teachers’ metaphors as cited in the previous section (Cassel and
Vincent, 2011; Lattrell and Wilson, 2016; Noyes, 2006), they would fit into the categories
defined by Cassel and Vincent (2011) and/or Lattrell and Wilson (2016). Table 2 shows the
relationship between in-service teachers’ metaphors for mathematics teaching and learning as
indicated by the research of Sterenberg (2008) and Yee (2017).
The research of ten teachers in grades 3 through 12 at school serving “the needs of
students who have been unsuccessful in other school settings” (p. 409) conducted by Davis,
Towers, Chapman, Dregs, and Friesen (2020) differed from the cited research about in-service
teachers’ metaphors as it focused not on categories but rather “on the ecosystems of metaphors
used by teachers to describe mathematics, learning and/or teaching” (p. 410). The results of their
research indicated that the metaphors for mathematics that the teachers used were not “a fully
consistent set of metaphors” (p. 413). However, their metaphors were informed by the
overarching metaphors that they use for knowledge, learning, and teaching (Davis et al., 2020).

24

MATHEMATICS IS ART
For example, one teacher used the metaphor of mathematics as a map as evidenced by her
saying“there are many paths and many destinations along the way…” and “to ‘know’ it
means...that you can prepare yourself to navigate it well…” (Davis et al., 2020, p. 419).
Table 2
In-service Teachers’ Metaphors for Mathematics
Yee (2017)
Secondary in-service teachers

Sterenberg (2008)
Elementary in-service teachers

Journey: emphasis on following a process, distance
from solution, shortcuts, looking back, and destination.
Race: emphasis on pace, obstacles (hurdles), beginning
and end, and competition.

Mountain: emphasis on difficulty, skill acquisition,
and destination.

Process: emphasis on procedure.
Discovery: emphasis on realizations, discovery, action
of learners.
Building: emphasis on construction and action of
making.

Bridge: emphasis on construction, connection, and
human agency.
Battle: emphasis on the struggle and negative
relationship with mathematics.

The metaphors that this teacher used for learning and teaching mathematics indicated that this
metaphor of mathematics is a map informing how she spoke about her students' learning and her
own teaching of mathematics. She said “...so it’s not so much about getting it as getting there…”
and “...as they go through the question, they’re going to encounter places where they need more
instruction” (Davis et al., 2020, p. 419). The researchers used the teachers’ metaphors for
mathematics knowledge, learning, and teaching to define three metaphorical ecosystems:
Traditionalist, Middling, and Reformist (Davis, et al., 2020, p. 423).
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Acquisition and Participation Metaphors
Some of the metaphors used by both pre-service and in-service teachers would be
categorized by Sfard (1998) as acquisition metaphors, while others would be categorized as
participation metaphors. Acquisition metaphors are those that perpetuate “the idea of learning as
gaining possession over some commodity” (Sfard, 1998, p. 6), that is they “ make us think about
the human mind as a container to be filled with certain materials and about the learner as
becoming an owner of these materials” (Sfard, 1998, p. 5). In this way, they have a tendency to
be focused on achievement and end-product. Further, they place the student in the role of
receiver and the teacher in the role of deliverer. In contrast, participation metaphors are those
that perpetuate the notion that learning “is now conceived of as a process of becoming a member
of a certain community” (Sfard, 1998, p. 6). This metaphor shifts “the permanence of having...to
the constant flux of doing” (Sfard, 1998, p. 6) which places the student and teacher in
community where the “learners are newcomers and potential reformers of the practice, [and] the
teachers are the preservers of its continuity” (Sfard, 1998, p. 6).
Sfard (1998) and Lakoff and Johnson (1980) argued that multiple metaphors for a
concept can exist simultaneously, and in fact, their coexistence is integral in the development of
conceptualization. Sfard (1998) argued that both acquisitional and participation metaphors have
strengths and weaknesses and that combining these metaphors “would bring to the fore the
advantages of each of them, while keeping their respective drawbacks at bay” (p. 11). The
metaphorical mapping Sfard (1998) included in her article provided evidence for the necessity of
both types of metaphors in the teaching and learning of mathematics. See Table 3.
Review of the research and participation in the mathematics education community for
over twenty years indicates that acquisition metaphors (mathematics is a language; mathematics
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Table 3
The Metaphorical Mappings
Acquisition metaphor
Individual enrichment

Participation metaphor
Goal of learning

Community building

Acquisition of something

Learning

Becoming a participant

Recipient (consumer), (re)constructor

Student

Peripheral participant,
apprentice

Provider, facilitator, mediator

Teacher

Expert participant, preserver
of practice/discourse

Property, possession,
commodity (individual,
public)
Having, possessing

Knowledge, concept

Aspect of
practice/discourse/activity

Knowing

Belonging, participating,
communicating

Note: Metaphorical mapping of acquisition and participation metaphors. From “On Two
Metaphors for Learning and the Dangers of Choosing Just One,” by Anna Sfard, 1998,
Educational Researcher, 27(2), p. 7. Copyright 1998 by the American Educational Research
Association.
is a structure; mathematics is a toolkit) are dominant in this field of study (see Table 4) and may
be what contribute to mathematics being a subject in which “considerable inequities [that]
prevail, both in terms of achievement and participation” (Boaler, Altendorff, & Kent, 2011, p.
457). Exploring the addition of participation metaphors, like mathematics is art, to the
conceptualization of mathematics may provide “a fecund site for critical reflection and
transformative action” (Davis et al., 2020, p. 409) that will ultimately lead to increasing equity
and inclusion in the field of mathematics. In order to explore how this transformation might be
brought about, it is necessary to compare mathematics and art and the creative processes that
these disciplines employ.
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Table 4
Acquisition and Participation Metaphors for Mathematics Used by Pre-service and In-Service
Teachers
Latterell and
Wilson
(2016)

Cassel and
Vincent
(2011)
End-Product

Puzzle

End-Product/
Process

Endless,
Expansive,
Process

Process

Dangerous,
Difficult,
Unpleasant
Impossible

Overwhelming

Necessary

Unclear

Easy,
Pleasant

Reeder,
Utley and
Cassel (2009)
Production

Noyes
(2006)

Yee
(2017)

Sterenberg
(2008)

Toolkit
Journey

Journey

Sfard
(1998)
Acquisition

Journey,
Race, Process

Mountain

Acquisition

Discovery,
Building

Bridge

Participation

Battle

Acquisition

Acquisition
Growth

Language

Participation
Language

Acquisition

Mathematics, Art, and Creativity
What is mathematics? Mathematicians and philosophers have tried to define mathematics
for many years. While there seems to be no singular definition, those found in dictionaries are
centered around the idea that mathematics is the study of numbers, patterns, shapes, and space
(Cambridge, n.d.; Macmillan, n.d.; Mirriam-Webster, n.d.; Oxford Learner’s, n.d.).
Mathematicians have attempted to provide additional definitions over the years, such as Ian
Stewart’s (2006) definition that mathematics is “the shared social construct created by people
who are aware of certain opportunities, and we call those people mathematicians” (p. 32) and
Eugenia Cheng’s (2015) definition that mathematics is “the study of anything that obeys the
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rules of logic, using the rules of logic” (p. 17). Mathematician Reuben Hersch (1997) defined
mathematics by writing:
A world of ideas exists, created by human beings, existing in their shared
consciousness. These ideas have objective properties, in the same sense that material
objects have objective properties. The construction of proof and counterexample is the
method of discovering the properties of these ideas. This branch of knowledge is called
mathematics (p. 19).
It is arguable as to whether these definitions provide more or less clarity as to what
mathematics is and illuminate just how difficult mathematics is to define. Interestingly, it seems
that mathematics is not the only discipline that is difficult to define as artists and philosophers
seem to have had a similar struggle in their efforts to define art. Like mathematics, there are a
variety of definitions for art. Those found in dictionaries are centered around process and
creation in order to produce something that is beautiful or represents feelings (Cambridge, n.d.;
Macmillan, n.d.; Mirriam-Webster, n.d.; Oxford Learner’s, n.d.). Degas defined art as “not what
you see, but what you make others see” (as cited in Marder, 2019) while Frank Lloyd Wright
defined it as “a discovery and development of elementary principles of nature into beautiful
forms suitable for human use” (as cited in Marder, 2019). Philosopher Stephen Davies (2015)
defined art as something that
(a)...shows excellence of skill and achievement in realizing significant aesthetic
goals, and either doing so is its primary, identifying function or doing so makes a vital
contribution to the realization of its primary, identifying function, or (b) if it falls under
an art genre or art form established and publicly recognized within an art tradition, or (c)
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if it is intended by its maker/presenter to be art and this maker/presenter does what is
necessary and appropriate for realizing that intention (p. 377-378).
The definitions for mathematics and art may not provide a clear understanding of
mathematics and art or the connections between the two disciplines. However, the role of
creativity in these disciplines indicates a strong connection and helps build the case for the
appropriateness of the metaphor mathematics is art. Creativity is a characteristic that is readily
attributed to the arts and as Botella, Glaveanu, Zenasni, Storme, Myszkowski, Wolff, and Lubart
(2013) reminded us “the visual arts have traditionally been treated as a major domain of creative
activity” (p. 161). Some may not realize how important creativity is in mathematics, but
educational researcher Eric L. Mann (2006) and mathematicians Sriraman (2004) and Devlin
(2019) argued for the necessity of creativity in mathematics. Mann (2006) wrote that “[t]he
essence of mathematics is thinking creatively, not simply arriving at the right answer” (p. 239)
and Sriraman (2004) claimed that in fact, “[m]athematical creativity ensures the growth of the
field of mathematics as a whole” (p.19).
It is creativity and the creative process that connect mathematics and art. Botella,
Zanasni, and Lubart (2018) defined the creative process as a “succession of thoughts and actions
leading to original and appropriate productions” (as cited in Daniel, 2020, p. 2). While Botella et
al. (2018) were writing specifically about the creative process in art, this process is prevalent and
necessary in mathematics, as well. Sriraman (2004) described the creative process in
mathematics as “the process that results in unusual and insightful solutions to a given problem,
irrespective of the level of complexity” (p. 20).
The creative process in both mathematics and art often begins with an open or ill-defined
problem (Mann, 2006; Sawyer, 2016). Then, through a non-linear, iterative process the
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mathematician and the artist engage in both divergent and convergent thinking (Mann, 2006), as
well as experimentation and exploration (Sawyer, 2016) in order to problem solve and make
meaning of their worlds. By engaging in the artistic ways of knowing and exploring how these
might be employed in the field of mathematics, teachers might be able to embrace the creative
process that is critical for the “development of mathematical talent” (Mann, 2006, p. 240) in all
learners.
Artistic Ways of Knowing
If the metaphor mathematics is art is to be added to the metaphors used to conceptualize
mathematics, it is important to understand what the literature expresses about what it means to
engage in artistic ways of knowing. Haroutounian (2019) described five phases that comprise the
artistic way of knowing: perceptual awareness and discrimination, metaperception, creative
interpretation, dynamic of behavior and performance/product, and critiquing. In the first phase,
perceptual awareness and discrimination, the artist is attentive to that which surrounds them and
observes details. During the second phase, metaperception, the artist reflects on that which they
perceive and evaluates and reworks their perceptions as they plan for creating a representation of
their interpretation. This phase is followed by the creative interpretation in which the artist
communicates their ideas and understanding through an artform. The fourth phase, dynamic of
behavior and performance/product, is the phase in which the artist engages with the audience
through their product or performance. The artistic process is completed in the critiquing phase
where the artist assesses their own work and receives and reflects on the critical feedback from
their community.
Haroutounian’s (2019) artistic process emphasized the importance of the process, which
Lawrence (2005) emphasized is where the learning actually occurs. Lawrence (2005) writes of
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five themes for the values or benefits of artistic expression, namely: “awareness of self,
awareness of others, community building, social action, and the arts as a context for learning” (p.
76). Analyzing the phases in Haroutounian’s (2019) artistic process illuminates evidence of these
values and benefits and how they provide support for engaging in such a learning process.
During the perceptual awareness and discrimination and metaperception phases, the artist
makes “choices of what to include and what to exclude” (Lawrence, 2005, p. 76) and through
this reflective work they become more aware of both themself and others. In the creative
interpretation phase the artist, through their work, “connects us to our environment and opens
our eyes to expanded perceptions of reality” (Lawrence, 2005, p. 76) and in this way
demonstrates their awareness of others. As the artist engages in the dynamic of behavior and
performance/product and critiquing phases, they are building community as they share their
work with others and generate “a catalyst for dialogue, which leads to collective knowledge”
(Lawrence, 2005, p. 78). These phases also have the potential to lead to social action as they can
provide an opportunity for all to “let their unique knowledge be heard” (Lawrence, 2005, p. 78).
It is the entire artistic process that provides the context for learning through activities that focus
on process and experience (Lawrence, 2005). Although Haroutounian’s (2019) model provides a
powerful framework for the artistic way of knowing, it is not the only way to understand artistic
ways of knowing.
In her research with a high school art teacher, Marshall (2010) explored how Wallas’
(1926) stages of creativity impact creativity and inquiry in the art classroom. The four stages,
preparation, incubation, illumination, and verification, overlap with the phases in
Haroutounian’s (2019) artistic process and can serve as another model for an artistic way of
knowing. The preparation stage is similar to Haroutounian’s (2019) perceptual awareness and
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discrimination phase as the artist gathers information and ideas during that time (Marshall,

2010). The incubation stage is the time in which the artist organizes and plans (Marshall, 2010)
much as they do in Haroutounian’s (2019) metaperception phase. The third stage, illumination, is
the stage in which the artist’s idea emerges (Marshall, 2010), which is a combination of
Haroutounian’s (2019) creative interpretation and dynamic of behavior and
performance/product phase. Finally, the artist enters the verification stage where “an idea is
evaluated and further elaborated into its completed form” (Marshall, 2010, p. 17), which is akin
to Haroutounian’s critiquing phase. Table 5 demonstrates the connection and overlap between
Haroutounian’s model for artistic ways of knowing with Wallas’ (1926) stages of creativity and
includes one way in which Lawrence’s (2005) themes for artistic expression are manifest in the
artistic process.
Table 5
Comparison of Artistic Ways of Knowing, Stages of Creativity, and Themes for Artistic
Expression
Phase 4:
Dynamic of
Behavior and
Performance/
Product

Haroutounian’s
(2019)Artistic
Ways of Knowing

Phase 1:
Perceptual
Awareness and
Discrimination

Phase 2:
Metaperception

Phase 3:
Creative
Interpretation

Wallas’ (1926)
Stages of
Creativity

Stage 1:
Preparation

Stage 2:
Incubation

Stage 3: Illumination

Lawrence’s (2005)
Themes for Artistic
Expression

Phase 5:
Critiquing

Stage 4:
Verification

Theme 1: Awareness of Self

Theme 3: Community Building

Theme 2: Awareness of Others

Theme 4: Social Action

Theme 4: Art as a Context for Learning

MATHEMATICS IS ART

33

The artistic and mathematical ways of knowing have many similarities. Bickley-Green
(1995) argued that artists and mathematicians use the same “[g]eneral methods of reasoning” and
that they both “find ways to represent and explore the qualities of the forms and spaces” (p. 10).
She claimed that students are experiencing the same “stuff” in their education but art and
mathematics give them different languages with which to represent it (Bickley-Green, 1995).
Those who are familiar with Polya’s (1945) problem solving process that is often employed in
teaching and learning mathematics may see similarities to Haroutounian’s (2019) process for
artistic ways of knowing.
Polya (1945) outlined four steps in the problem solving process: understand the problem,
devise a plan, carry out the plan, revise/extend. In step 1, understand the problem, the
mathematician assesses the information they have and the problem they are being asked to solve.
The mathematician also reflects on what information they may need to acquire in order to solve
the problem; that is, they work to define the problem at hand. In this way, Polya’s (1945) step 1
is similar to Haroutounian’s (2019) perceptual awareness and discrimination phase. Polya’s
(1945) step 2, is the step in which the mathematician develops a plan for problem solving. In this
step, the mathematician should reflect on problem solving strategies that might help them in
problem solving, which is similar to Haroutounian’s (2019) metaperception phase. Once the
mathematician has decided on a plan, they move to Polya’s (1945) step 3, carry out the plan. At
this point the mathematician will employ the strategy they decided on in step 2. If they find that
their strategy does not work, the mathematician moves back to step 2 to identify a different
strategy for problem solving. Polya’s (1945) step 3 is similar to Haroutounian’s (2019) creative
interpretation phase. Finally, the mathematician progresses to review/extend which is the fourth
step in Polya’s (1945) problem-solving process. During this part of the process, the
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mathematician reviews and reflects on their work assessing what worked and what did not while
also considering how their work on this problem might be extended to solve other problems. This
step might be likened to Haroutounian’s (2019) critiquing phase, as the mathematician evaluates
their own work. Table 6 shows how Polya’s (1945) model for problem solving aligns with
Haroutounian’s (2019) model for artistic ways of knowing and Wallas’ (1926) stages of
creativity, as well as Lawrence’s (2005) themes for artistic expression.
Table 6
Comparison of Polya’s Problem Solving Process and Artistic Ways of Knowing, Stages of
Creativity, and Themes for Artistic Expression
Phase 4:
Dynamic of
Behavior and
Performance/
Product

Haroutounian’s
(2019)Artistic
Ways of Knowing

Phase 1:
Perceptual
Awareness and
Discrimination

Phase 2:
Metaperception

Phase 3:
Creative
Interpretation

Polya’s (1945)
Problem Solving
Process

Step 1:
Understand the
Problem

Step 2: Devise a
Plan

Step 3: Carry
Out the Plan

Step 4:
Revise/Extend

Wallas’ (1926)
Stages of
Creativity

Stage 1:
Preparation

Stage 2:
Incubation

Stage 3: Illumination

Stage 4:
Verification

Lawrence’s (2005)
Themes for Artistic
Expression

Phase 5:
Critiquing

Theme 1: Awareness of Self

Theme 3: Community Building

Theme 2: Awareness of Others

Theme 4: Social Action

Theme 4: Art as a Context for Learning

While there are similarities between Haroutounian’s (2019) model for artistic ways of
knowing and Polya’s (1945) problem solving process, there are some distinct differences.
Haroutounian’s (2019) model emphasizes creativity and communication and interaction with
others, but Polya’s (1945) model does not. That does not mean that mathematics is an uncreative,
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solitary discipline. On the contrary, the study of mathematics requires creativity and
collaboration (Boaler, 2016; Lockhart, 2009). Further, Table 6 seems to indicate that Polya’s
(1945) model also does not include engagement with the community through performance or
product. However, a visit to some mathematics classrooms will provide evidence to the contrary
as students share their work (Brown, 2007; Civil & Planas, 2004). Unfortunately, creativity and
collaboration, “the performance dimension of mathematics is underemphasised in school
activity” (Brown, 2007, p. 755) and “the demonstrable skills of children are often seen as
subordinate to the mathematical conceptions they seek to engender” (Brown, 2007, p. 764).
There is a need to increase student collaboration and participation in the mathematics community
as “active participation in the reconstruction of a specific kind of discourse” (Civil & Planas,
2004, p. 7) contributes to students' development as mathematical learners and the shaping of
their mathematical identities (Grootenboer & Edwards-Groves, 2018).
Students who engage in artistic ways of knowing “add depth to understanding, creativity
to interpretive decision-making and refinement in abstract reasoning” (Haroutounian, 2019, p.
22). This process impacts the development of the skills, language, dispositions, and beliefs
students need to identify as an artist and participate in the artistic community. If students are to
develop mathematical identities, they must engage in the activities and experiences of the
mathematics community (Grootenbower & Edwards-Groves, 2018). Integrating the artistic ways
of knowing with the process of mathematical problem solving, may be the way to bring about
these experiences and, as a result, inform students’ mathematical identity development. Teachers
may be the linchpin in this integration as there is “empirical support to demonstrate how
students’ academic achievements in mathematics are ‘less about [their] intrinsic abilities and
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more about how [they are] constructed as learners by [their] teacher” (Hogan, 2008, as cited in
Fellus, 2019, p. 449).
Professional Development and Teacher Change
Teacher beliefs about mathematics and mathematics instruction impact their instructional
practices (Lischka, Barlow, Willingham, Hartland, & Stephens, 2015; Polly, McGee, Wang,
Lambert, Pugalee, & Johnson, 2013; Stipek, Givvin, Salmon, & MacGyvers, 2001). Further,
teachers who hold a fixed mindset and/or have math anxiety are likely to engage in mathematical
instruction that focuses on performance instead of process and inhibit student mathematical
growth and achievement (Ramirez, Hooper, Kersting, Ferguson, & Yeager, 2018; Smith,
Brumskill, Johnson, & Zimmer, 2018). Therefore, a change is needed in teacher mathematical
mindset and identity if there is hope of bringing about a change in mathematics instruction as a
means to impact student mathematical mindset and identity development. Chapman and Mitchell
(2018) wrote:
If we want students to see themselves as capable of learning and doing mathematics, then
teachers must possess confidence in their own abilities to understand and use
mathematics.
If we want students to see mathematics as relevant to their lives, as worthy of their time
and interest, then teachers must proclaim the importance of mathematics in their own
lives and have passion for empowering students with mathematical tools and ways of
thinking.
If we want students to recognize the satisfaction that comes from tackling and
persevering through challenging mathematics problems, then teachers must also see
themselves as mathematics learners (p. 60).
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Achieving teacher change is difficult (Anderson, Boaler, & Dieckmann, 2018). However,
there is a plethora of research about the qualities of effective professional development that may
bring about teacher change (Arce, Bodner & Hutchinson, 2014; Desimone, 2009; Garet, Porter,
Desimone, Birman, & Yoon, 2001; Lischka, Barlow, Willingham, Hartland, & Stephens, 2015;
O’Dwyer, 2018; Opfer & Pedder, 2011; Stewart, 2014; Wilkinson, Reznitskaya, Bourdage,
Oyler, Glina, Drewry, Kim, & Nelson, 2017; Yagi & Venenciano, 2017). Some of the features of
effective professional development are “active modeling of the strategies the teachers were
expected to use; the creation of the supportive network for implementation of the reform; and a
PD environment in which teachers beliefs were actively considered” (Arce, Bodner, &
Hutchinson, 2014, p. 86). Anderson, Boaler, and Diekmann (2018) expressed that there is a need
for professional development that will “give teachers opportunities to change their own identities
as learners” (p. 1). Garet et al. (2001) found that effective professional development should
“focus on the duration, collective participation, and the core features (i.e., content, active
learning, and coherence)” (p. 936) and that these characteristics are more important than the type
of professional development. Opfer and Pedder (2011) found that teacher change is cyclic in
nature and that “[c]hanges in beliefs lead to changes in practice that bring changes in student
learning that bring further changes in practice that result in additional changes in belief and so
on” (p. 395). Stewart (2014) posited that “learning in a professional community is considered to
be more effective than traditional professional development methods” (p. 28), and Locke,
Whitehead, and Dix (2013) found that teachers that engaged in the discipline-specific practices
that they wished to have their students engaged in developed greater self-efficacy in the
discipline. O’Dwyer (2018) indicated that good professional development focuses on process and
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is aligned with larger goals, and if it is to be transformative, it must be “structured to have the
capacity to support professional autonomy and situated learning” (p. 360).
Collectively, the research suggests that in order for professional development to be
transformational, it must focus on “effecting change in a frame of reference” (Mezirow, 1997, p.
5). Mezirow (1997) defined a frame of reference as that which “encompasses cognitive,
conative, and emotional components, and is composed of two dimensions: habits of mind and a
point of view” (p. 5). In order to bring about changes in our frames of reference, Mezirow (1997)
expressed that people must become “aware and critically reflective” (p. 7). Christie, Carey,
Robertson, and Grainger (2015) argued that professional development that is “constructivist in
nature can reveal the way in which all knowledge in all fields are social constructs, and offer
participants an opportunity to reconsider their own world view and critique the assumptions that
underlie that view” (p. 22). Professional development that provides the opportunity and structure
for this type of reflection has the potential to impact change in teacher mindset and practice.
Gender, Race and Equity in Mathematics
The myths about those who are able to engage in the study of mathematics that are
perpetuated by teachers’ instructional practices as impacted by their mindsets (Smith et al., 2018)
often serve as barriers to success in school and the professional world (Chestnut et al., 2018).
According to the National Science Foundation (2014), women earned 41.7% of the bachelor’s
degrees in mathematics, and Hispanics and Blacks earned only 4.99% and 5.77% of the
bachelor’s degrees in mathematics, respectively. Further, according to Pew Research Center
(2018), women hold 46%, Hispanics hold 9%, and Blacks hold 6% of the jobs in the field of
mathematics. The average wage in 2013 for jobs in the STEM (Science, Technology,
Engineering and Mathematics) fields was $79, 640, which is “roughly 1.7 times the national and
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annual average wage for all occupations ($46,440)” (Jones, 2014). This is evidence that
mathematics serves as a gatekeeper for “academic and economic opportunity linked especially to
scientific and technological progress” (U.S. Department of Education 2008, as cited in Martin,
2019, p. 459) and as such “plays a key role in reproducing or disrupting race, class, and gender
inequities in school” (Martin, 2019, p. 460).
Teachers’ mathematical mindsets greatly influence the educational opportunities for their
students as “[e]very decision a mathematics teacher makes,...sends powerful messages about
what is valued and whose knowledge and experiences are deemed important” (Yeh & Otis, 2019,
p. 85). Boaler (2019) claimed that “the more prevalent the idea of a gift was in any academic
field, the fewer women and people of color were in that field” (p. 33) and that when teachers
held a fixed mindset about their own mathematical abilities, this could generate anxiety around
the discipline that is detrimental to their students’ learning experiences. Research by Rosenthal
and Jacobson (1992) supported the idea that “teacher beliefs…seem to be taken over by pupils
through feedback connections” (as cited in Jonsson et al., 2013, p. 389), which can, in turn,
impact student performance on learning tasks (Jonsson et al., 2013, p. 389). This can be
particularly detrimental to girls in mathematics, as according to Anderson et al. (2018) the
“negative impact of teachers’ anxiety transferred to female, but not the male students” (p. 2). It is
also harmful to Black children as, the “primary modes of engaging them are through diagnosis of
deficits, intervention, remediation, and repair rather than taken-for-granted assumptions about
their brilliance” (Gholson, Bullock, & Alexander, 2012; Leonard & Martin, 2013, Martin, 2012,
as cited in Martin, 2019, p. 463). Padilla and Tan (2019) emphasize that “[a]ll students are
entitled to and capable of having an active role in broadening our scholarly understanding of
relevant factors that determine and/or stifle what it means to do and be competent in the
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enactment of mathematical concepts and practices within and outside schools” (p. 300).
Therefore, development of a mathematical mindset in teachers is a critical step in evolving
mathematics education to be more equitable in both school and society.
Summary
Inequities in mathematics education and the lack of educational and professional
opportunities for those who experience those inequities generates an urgency for transformation
in the instructional practices used in the mathematics’ classroom. As teachers’ instructional
practices are impacted by their mindsets, there is a need then to help teachers develop
mathematical mindsets which may require a metamorphosis in teachers’ frames of reference.
This type of change is not easy, as frames of reference are constructed from deeply held
assumptions and form the basis for understanding one’s experiences (Mezirow, 1997).
Language impacts one’s interaction with and mindset about mathematics (Smith et al.,
2018) and the metaphors that teachers employ in their conceptualization of mathematics are
evidenced by and influence the language (Lakoff & Johnson, 1980) that they use with their
students in the teaching and learning of mathematics. It stands to reason that the metaphors
teachers use for mathematics play a significant role in their students’ mindsets. Expanding
teachers’ conceptualization of mathematics by introducing the metaphor mathematics is art into
their metaphorical framework of mathematics has the potential to bring about mindset
transformation. Guiding teachers in critical reflection about the metaphors they use while
engaging them in the artistic process in the study of mathematics has the capacity to raise their
awareness of the disconnect between their self-reported mindsets and instructional practices.
Further, it may aid teachers in incorporating mathematics is art into their metaphorical
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frameworks which may lead to the development of teacher mathematical mindsets and positively
impact instructional practices.
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Chapter 3: Methodology
Research Study Design
This was a mixed-method study because this “approach is ideally suited for studying

teaching and teacher-change, as it can take account of the complex and contextualized nature of
teacher learning, considering multiple perspectives and events” (Anderson et al., 2018, p. 5-6).
The methodology was grounded in mathematical discourse (Sfard, 1998) analysis in an effort to
understand the impact of mathematical metaphors on elementary teacher mindset and
instructional practices in mathematics. As this study was sociocommunitive (Rossman & Rollis,
2012) in nature, surveys, observations, transcripts from lessons, and research workbooks were
used to collect both qualitative and quantitative data that was analyzed for mathematical
metaphors and mindset messages. The goal was to understand how the metaphors that in-service
elementary teachers use for mathematics impact their own mindsets and instructional practices in
mathematics and whether or not those metaphors could be influenced by professional
development focused on integrating mathematics is art into their metaphorical frameworks. As
discussed, this study focused on the following research questions:
1. How do elementary in-service teachers view mathematics through metaphorical
perspectives?
2. What impact do metaphors have on elementary in-service teacher mindsets and
instructional practices in mathematics?
3. How will professional development focused on embracing the metaphor mathematics is
art transform elementary in-service teacher mindsets and impact their instructional
practices in mathematics?
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Setting
The study site will be referred to as the Somerville School District (SSD) to protect the
identity of the participants. It is located in rural eastern Pennsylvania and covers approximately
100 square miles, much of which is farmland. There are two elementary schools, one middle
school, and one high school serving approximately 1300 students from kindergarten through
twelfth grade. At the start of the 2019-2020 school year, there were 1371 students enrolled in
SSD schools. Of these students 85.4% were white, 8.8% were Hispanic, and 1.7% were black
(Future Ready PA Index, 2020). Approximately 33.9% of the students were economically
disadvantaged and 2.6% of the students were English language learners (ELL) (Future Ready PA
Index, 2019). The ELL population has grown exponentially over the last five years and is
expected to continue that growth in the coming years. The SSD employs just over 100 teachers,
including special education and elective teachers. Many of the teachers in the district have been
employed by the district for more than 10 years. Both elementary schools and the middle school
have one administrator and one counselor, and the high school has two administrators and two
counselors. Parents and community members are involved in the district by supporting and
leading extra-curricular activities and clubs. The SSD is also supported by an Educational
Foundation, which is a non-profit entity that raises funds to support innovative projects, district
educational initiatives and uphold the district’s mission and vision.
The mission of the SSD is “to inspire learners to grow as contributing members of the
global community”. The district has clearly outlined strategic goals focused on student
achievement and growth, college and career readiness, and parent, staff, and community
engagement to help them achieve their mission. The SSD has invested in programming and
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technology to aid in reaching their goals and meeting their mission and all of the students in the
district receive an iPad, Chromebook, or MacBook Air to use while enrolled in the district.
Researcher Positionality
I have lived in the district in which I conducted my research for 15 years, and I still reside
in the district. All three of my children attended one of the two elementary schools that are a part
of this study, and I served as the Parents’ Club president at one of the elementary schools for
three years while my children were there. I also started and served as the director of the district’s
Odyssey of the Mind program for 10 years. Both of these volunteer positions placed me in one of
the elementary buildings with great frequency and provided opportunities for me to collaborate
with teachers in the building. Only one of the study participants was the teacher of two of my
children and the other three study participants were hired after my children had left the
elementary school. So, I only got to know these participants in the two years that I have worked
for the district.
Prior to being hired by the district, I served as an instructor in the mathematics
department of the local university for six years, where I primarily taught mathematics to
elementary education majors. I have four years experience teaching high school mathematics and
over 10 years of experience as a writer and editor for mathematics educational publishing
companies.
I was originally hired by the district two years ago to serve as the district’s instructional
coach serving all teachers in all buildings. I worked in this role for one year before budget cuts
resulted in the elimination of the position and my reassignment to my current role. As the
instructional coach, I collaborated with teachers throughout the district to grow their teaching
practices in self-selected areas. I served in a non-evaluative role and worked to foster
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relationships of deep trust and vulnerability. During my time as the instructional coach, I
coached only one of the teachers in the grade level from which I recruited my participants.
However, this teacher is not participating in my study.
I currently serve as the support teacher for elementary students who have been identified
as gifted. In this role, I collaborate with teachers throughout the building to plan for the
enrichment needs of students who have been identified as gifted. This includes providing
resources, support, and enrichment while these students are in their regular education classroom,
as well as when they are pulled out to work with me in the resource room. I also push into all of
the classrooms in one of the older primary grades to offer enrichment once a week. I consult with
the teachers of this grade level to decide on the themes for these lessons and then plan the lessons
on my own. I take on the role as the lead teacher when co-teaching these lessons with the regular
education teachers each week. It is from this group of teachers that I recruited the participants for
this study.
The fact that my office is just down the hallway from three of my participants facilitated
the recording of lessons. It also contributed to regular interactions with the participants to answer
their questions about the study and to continually build our relationship so that the participants
felt more comfortable exploring mathematics with me, a subject that two of them expressed great
insecurities about. While the fourth participant is located in the other building, I see her once a
week at school. I also encounter her periodically on the street or at church, as we live in the same
community.
Through my experiences as a mathematics educator for over 20 years, I have come to
believe that most elementary teachers are “afraid” of mathematics and do not identify as
mathematicians. I also believe that everyone can learn mathematics and that teachers work
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incredibly hard to serve their students and support them in their learning. Further, I believe that
my participants, with whom I am friends, are very good teachers. It is with these biases that I
entered this research. I recognized that in addition to my belief in my participants and my desire
to see them meet success, my desire to highlight their teaching strengths had the potential to
color my analysis. Therefore, I endeavored to keep my biases about elementary teachers’
positionalities within mathematics, as well as my biases born of the personal relationships I have
with my participants, from causing me to incorrectly interpret the qualitative data that I collected
as I analyzed it for mathematical mindset and metaphors. Rossman and Rallis (2012) indicate
that the researcher does not need to pretend to be objective but rather they need to “make clear
who they are and what perspective drives the study” (p. 34). Identifying and addressing biases
through documentation of my “intellectual and methodological journey” (Rossman and Rallis,
2012, p. 51) helped me establish protocols to minimize the impact of my biases. Throughout the
data collection and analysis, I continued to anchor my work in the literature, leaning into the
mathematical mindset research (Anderson et al., 2018; Boaler, 2016; Dweck, 2019; Sun, 2019)
and the metaphorical research (Cassel and Vincent, 2011; Davis, et al., 2019; Lakoff & Johnson,
1980; Latterell and Wilson, 2016; Noyes, 2006; Reeder, Utley, and Cassel, 2009; Sfard, 1998;
Sterenberg, 2008; Yee, 2017) . Further, my process of data analysis was “deliberate and
conscious,” as Rossman and Rollis (2012, p. 50) indicate that that is crucial in qualitative
research. I will elaborate on the ways in which I did this later in this chapter as well as in Chapter
4 as I detail the structure and process of my analysis.
The other piece of my positionality that I feel is important to highlight is my nonmathematical artistic identity. I consider myself an amateur musician who sings and plays the
guitar and English handbells. I really enjoy the interpretation and performance aspect of music
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and have dabbled in musical composition. I believe that this part of my identity speaks to the
connections I make between mathematics and art.
Participants
For this study, I recruited five teachers in an upper primary grade by emailing an
invitation to them. I chose to invite all of the teachers from a single-grade level team, as research
indicates that “professional communication among teachers appear[s] to support change in
teacher practice” (Garet et al., 2001, p. 936) and teachers on teams regularly meet and plan
together. Further, I had been working with this team over the course of the 2020-2021 school
year to provide enrichment in mathematics and writing, which has afforded me the opportunity
to form a collaborative relationship with these teachers. Four of the five teachers on this team
agreed to participate in this study. Three of them teach in the building where I spend most of my
time and the fourth teaches in the other elementary building. All four of the participants are
white, female and range in age from 35 to 42. They each have between 10 and 15 years of
teaching experience.
These teachers were already part of a professional learning community that meets
regularly and that has helped them develop relationships with each other in which they are
comfortable being vulnerable. This contributed to them feeling secure in the learning to take
place in this study (Opfer & Pedder, 2011). Further, research by Garet et al. (2001) indicated that
collective participation in professional development “may contribute to a shared professional
culture, in which teachers in a school or teachers who teach the same grade or subject develop a
common understanding of instructional goals, methods, problems, and solutions” (p. 922).
The director of professional development for the SSD permitted me to offer participation
in this study to meet the requirements of 12 hours of district “flex” time. Teachers who
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accumulate flex time by participating in approved professional development opportunities are
permitted to opt out of attending professional development days that are part of the school
calendar. Many teachers in the district prefer to accumulate flex time in the summer months so
my ability to offer it to them was a motivating incentive to participate in my study. The three
participants in my primary building indicated that they were happy to participate as a favor to
me.
Data Collection

This study spanned six months due to the constraints in time provided by my program of
study. It began in April of 2021 and continued until September of 2021. I employed four data
collection methods - observations from recorded mathematics lessons, research workbooks, a
mathematical mindset survey and transcripts from recorded mathematics lessons - that generated
both qualitative and quantitative data. See Table 7 for a timeline of this research study.
Table 7
Timeline for Research Study
Component of study

Timeframe

Recording of 3 mathematics lessons

April 2021

Completion of Mindset Belief Survey (Sun, 2018)

May 2021

Professional development sessions

June, July, and August 2021

Recording of 3 mathematics lessons

August and September 2021

Completion of Mindset Belief Survey (Sun, 2018)

September 2021

I recorded three mathematics lessons in April for each participant and again at the end of
the study in August and September of 2021. This yielded a total of six lesson recordings for each
participant. Recording multiple lessons enabled me to identify patterns (Rossman & Rallis, 2012)
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in teacher language and action as informed by the metaphorical frameworks that undergird their
understanding and teaching of mathematics. The analysis of these lessons yielded both
qualitative and quantitative data to help answer research questions two and three - What impact
do metaphors have on elementary teacher mindsets and instruction practices in mathematics?
How will professional development focused on embracing the metaphor mathematics is art
transform elementary teacher mindsets and impact their instructional practices? The
Mathematical Mindset Observation Tool (Anderson et al., 2018) in Appendix A was used to
assess teacher mathematical mindset and conceptual metaphor theory (Lakoff & Johnson, 1980)
analysis was applied to the language the participants used while teaching to identify the
conceptual metaphor systems that informed their understanding of what mathematics is.
Permission to use the Mathematical Mindset Observation Tool (Anderson et al., 2018) was
granted by a member of the research team that generated the tool.
Sun’s (2018) Mindset Belief Survey, found in Appendix B, is a likert-scale survey of six
mathematical mindset belief statements and was administered to the participants using a Google
Form after the first three lessons were recorded in April of 2021 and prior to responding to the
first Research Workbook Reflective Prompt (RWRP). The participants completed this survey
again in September 2021 after the final three lessons were recorded. The survey provided
participants with the opportunity to reflect on and respond about their mindset beliefs without the
influence of the other participants or me by asking them to rate their level of agreement with
each of these statements with 1 indicating that they extremely disagreed with the statement and 5
indicating that they extremely agreed. Participants' responses to the survey generated quantitative
data that provided insight into their self-reported mindset about mathematics. This data helped
answer research questions two and three - What impact do metaphors have on elementary in-
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service teacher mindsets and instruction practices in mathematics? How will professional
development focused on embracing the metaphor mathematics is art transform elementary inservice teacher mindsets and impact their instructional practices?
After the initial lessons were recorded, the participants completed the Mindset Belief,
Survey (Sun, 2018) and the school year ended, the participants engaged in 12 hours of
professional development sessions, led by me, in which they were immersed in the study of
mathematics using the artistic ways of knowing (Haroutounian, 2019). These sessions were
scheduled in one to three hour increments over the months of June, July, and August of 2021 and
were completed prior to the beginning of the 2021-2022 school year. The scheduling of these
sessions was done to accommodate the scheduling needs of the participants and were spaced out
in fairly regular increments throughout June, July, and August. As duration is an important
consideration in effective professional development, this timeline and the length of the sessions
contributed to the potential for transformation in teachers' instructional practices (Garet et al.,
2001; Stewart, 2014). Each session was recorded. I used mathematics is art as the metaphor to
guide these professional development experiences. A brief outline of the session topics and focus
are provided in Appendix C.
Participants were provided with a blank sketchbook at the beginning of the professional
development portion of the study and it served as their research workbook (Marshall & Donahue,
2014) throughout the duration of the study. The research workbooks were used by the participant
in two ways. First, they aided the participants in exploration of mathematics using artistic ways
of knowing (Haroutounian, 2019). Marshall and Donahue (2014) describe a research workbook
as a place for an artist-researcher to “experiment, record, and reflect on their inquiry each step of
the way” (p. 29). Further, research workbooks were “sites where ideas are hatched and worked
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out, understandings are built and visualized, and the research procedure, with its variety of
thinking and creative strategies, becomes visible and concrete” (Marshall & Donahue, 2014, p.
29). The participants' research workbooks provided the space for them to explore mathematical
concepts and record their findings and new understandings. The plans for the first professional
development session are included in Appendix D.
Secondly, the research workbooks provided a space for the participants to engage in
meaningful reflection about their metaphorical frameworks for mathematics, as well as their
understanding of the mathematical concepts explored during the professional development
sessions. Research indicates that reflection is a critical component in impacting transformation in
practice (Opfer & Peddar, 2011; Stewart, 2014; Wilkinson et al., 2017) and the use of a research
workbook facilitated the process of reflection (Marshall & Donahue, 2014). The reflective
prompts in Appendix E helped the participants engage in the deep reflection and provided data
about participants’ metaphorical frameworks to help answer the research question 1) How do
elementary in-service teachers view mathematics through metaphorical lenses? The participants'
research workbooks were a source of rich qualitative data. Table 8 provides a summary of the
data that was collected in this study.
Data Analysis Overview
I used Haroutounian’s (2019) artistic ways of knowing to analyze and interpret the data
collected in this study and to discuss the results and implications. In the first phase, perceptual
awareness and discrimination, I took an initial look at the recorded lessons, transcripts from the
recorded lessons, and research workbook pages and used coding and scoring to help me identify
patterns and anomalies. During the second phase, metaperception, I reflected on and interpreted
the data as I considered how I might create a representation of the data and the story it was

52

MATHEMATICS IS ART
Table 8
Summary of Collected Data

Prior to Professional
Development

During Professional
Development

After Professional
Development

Data Source

Date(s)
Collected

Data Type

Mindset/
Metaphor

3 Lesson Recordings

April 2021

Mixed

Mindset

3 Lesson Transcripts

April 2021

Qualitative

Metaphor

Mindset Belief
Survey
(Sun, 2018)

May 2021

Quantitative

Mindset

Research workbook

June-August 2021

Qualitative

Metaphor

3 Lesson Recordings

August-September
2021

Mixed

Mindset

3 Lesson Transcripts

August-September
2021

Qualitative

Metaphor

Mindset Belief
Survey
(Sun, 2018)

September 2021

Quantitative

Mindset

telling. I combined the next two phases - creative interpretation and dynamic of behavior and
performance/product - as I communicated my interpretation of the data through words and
figures. As the analysis process is so deeply intertwined with the data, I will briefly describe my
analysis protocols in this section and then expound in more detail in Chapters 4 and 5, where I
apply Haroutounian’s (2019) artistic ways of knowing to generate and discuss my results.
Lesson transcripts were generated by uploading the audio files from the lessons to a
secure transcription service that used artificial intelligence to transcribe them. These transcripts
were then reviewed and edited by an undergraduate student to ensure their accuracy. The student
listened to the audio while reading the transcripts and edited them as necessary for accuracy to
prepare them for the coding process. I reviewed the transcripts, replaced all names with
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pseudonyms, and removed or edited any identifying information. These transcripts and
participants’ research workbooks were coded for language that indicated the mathematical
metaphors that the participants used for mathematics and analyzed using conceptual metaphor
theory (Lakoff & Johnson, 1980) to characterize the participants “domain of thought” (Lakoff,
2014). Using Sfard’s (1998) metaphorical mappings I identified the metaphors as either
acquisition or participation metaphors. I looked for the dominant metaphors that were evident in
the participants' teaching and reflection with special attention toward the development of the use
of the metaphor mathematics is art throughout the professional development sessions and the
lessons recorded at the end of the study. I kept a detailed codebook and made multiple passes at
the transcripts, including a pass in which I compared codes across participants. I also kept a
research journal in which I made many analytic memos (Rossman & Rallis, 2012) about the
coding process and the insights and discoveries it yielded, as recommended by Saldaña (2021)
for the solo coder. Finally, I employed a critical friend (Rossman and Rallis, 2012) to increase
the reliability of my coding. Details of my coding process and examples are provided in Chapter
4.
Recorded lessons were also analyzed for mindset messages conveyed by the participants
in their instructional practices. The Mathematical Mindset Observation Tool (Anderson et al.,
2018) was used for this analysis. The ratings on the tool were converted to numerical scores (0 =
Not Observed, Emerging = 1, Accelerating = 2, and Expanding = 3) and the sub-scores of the
categories in each Mathematical Mindset Practice. I then averaged the sub-scores on each
measure to determine a mean score for the practice (Anderson et al., 2018). I compared this data
with the mathematical belief measure as obtained through the Mindset Belief Survey (Sun,
2018). To determine the participants’ mindset belief score, I calculated the average of their
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responses on the six items (Sun, 2018). The mindset and belief data was analyzed to see if there
was any change between the beginning and end of the study as a measure of the impact of the
professional development experience and matched pairs t-tests were conducted to test for
statistical significance in the changes. The images and problem solving in the participants’
research workbooks also provided rich data about the participants' problem solving and
mathematical thinking. This data helped me better understand the participants’ mathematical
mindset and any changes in their mindset over the course of the study.
To complete my data analysis process, I used the fifth phase described in Haroutounian’s
(2019) artist ways of knowing, critiquing. During this I assessed my work through the
presentation of my findings and limitations and shared how my research impacts future research
and practice. A detailed discussion of this process is provided in Chapter 5.
Validity and Reliability
The Mathematical Mindset Observation Tool was developed by Anderson, Boaler, and
Diekmann (2018) and their research team in partnership with the “county office mathematics
leadership” (p. 6) of the schools in which the team conducted their research. While at the time of
they study they had not completed “validation studies or reliability estimates” (Anderson et al.,
2018, p. 6) for the tool, the research team “did iterate this instrument in close communication
with network leaders and teachers who gave substantive feedback about each of the indicators”
(p. 6). The use of the Mathematical Mindset Observation Tool (Anderson et al., 2018) and the
data that it generated speaks to the validity and reliability of this tool.
The Mathematical Belief Survey was developed by Sun (2018) and used in her study
aimed at determining the role that mathematics teaching plays in the development of student
growth mindset. It is grounded in the growth mindset literature with a Cronbach’s alpha of 0.76
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for an n of 40 (Sun, 2018). As such, it is deemed a statistically reliable tool for self-reporting of
mindset (UCLA Advanced Research Computing, n.d.).
The research workbook was introduced by Marshall and Donahue (2014) as a means for
engaging in the “art research process” (p. 29). They write
The research workbook with its sequential series of imagery, commentary, explanations,
and plans is the backbone of the research and the chronicle of the process. It gives
structure to process and also acts as the spinal cord of the inquiry -- an extended nerve
center or conduit along which ideas flow, link up, and ignite. As a result, research
workbooks are sites where ideas are hatched and worked out, understandings are built
and visualized, and the research procedure, with its variety of thinking and creative
strategies, becomes visible and concrete. (Marshall & Donahue, 2014, p. 29)
I have used research workbooks in teaching mathematics to my own students and have
found the structure of the research workbook invaluable in moving students to more artistic ways
of knowing (Haroutounian, 2019) in the mathematics classroom. This, in turn, has generated
agency in my students and contributed to their mathematical mindset development.
The proposed methodology is triangulating, which will increase validity and reliability of
the results (Noble & Heale, 2019). Methodological triangulation will occur as a result of the
collection of data from multiple sources - observation of recorded lessons, survey, research
workbooks, and transcripts of recorded lessons - and data triangulation will occur as a result of
collecting data over time and about a number of participants (Noble & Heale, 2019).
Security
Recordings of mathematics lessons and professional development sessions were done
using SWIVL cameras and were stored online in a password protected account. As the principal
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researcher, I am the only one who has access to this account. The Mathematical Belief Survey
(Sun, 2018) was conducted using a Google form and the data was stored online in an account to
which only I have access. Images from the research notebooks were stored in the same account
as the recorded lessons, professional development recordings, and survey results. All of the
participants were provided with pseudonyms which were used in place of their actual names on
all data that was collected. The data will be stored in the secure online account for seven years
and then it will be destroyed. None of the data will be shared with anyone in the Sommerville
School District in a manner that identifies the participants. In reporting of the data, every effort
was made to remove characteristics of the participants that may identify them and the
participants had the opportunity to review the data to be reported prior to publication to ensure
that they were comfortable with the information that was being shared.
Assumptions
I embarked on this research with the assumption that there is a relationship between inservice elementary teachers’ metaphors and their mindsets about mathematics and instructional
practices in mathematics. Because we conceptualize our world through metaphors and these
metaphors impact how we think and act (Lakoff & Johnson, 1980), it stands to reason that our
metaphorical frameworks for mathematics will impact our mindsets about mathematics. Further,
research by Anderson et al. (2018) and Sun (2019) indicates that our mindset about mathematics
impacts our instructional practices. Further, I assumed that mathematics is art was not a
metaphor that was part of teachers’ metaphorical frameworks and that the metaphors they used
for mathematics would be acquisition metaphors. This assumption is born out of the research
around in-service teachers’ metaphors for mathematics ((Davis, et al., 2019; Sfard, 1998;
Sterenberg, 2008; Yee, 2017).
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Chapter 4: Analysis and Results
The ability to “know” as an artist is not limited to the dance class, art studio,
practice room, or stage. Learning to realize the “art” in a dance, a painting, a musical

score, an event in history, or even the process of understanding mathematical or scientific
concepts requires the ability to think like an artist (Haroutounian, 2017, p. 44).
In the next two chapters, I will do as Haroutounian (2017) suggested in this quote and
“think like an artist” (p. 44) as I provide more details about my analysis process, present the
results of the analysis, and the implications of this study. In order to do that, I will engage in the
artistic ways of knowing as they “mirror the artistic process and provide the opportunity for
every student in every classroom to think like an artist” (Haroutounian, 2017, p. 44). As
previously stated in Chapter 3, the data and analysis process are deeply intertwined and
Haroutounain’s (2019) artistic ways of knowing provide a means for data analysis that will
articulate and support the results of this study. Through this process, I will answer the research
questions that were the focus of this study:
1. How do elementary in-service teachers view mathematics through metaphorical
perspectives?
2. What impact do metaphors have on elementary teacher mindsets and instructional
practices in mathematics?
3. How will professional development focused on embracing the metaphor mathematics is
art transform elementary teacher mindsets and impact their instructional practices in
mathematics?
A significant amount of qualitative and quantitative data was collected using four data
collection methods - recordings of mathematics lessons, research workbooks, a mathematical
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mindset belief survey and transcripts of recorded lessons. See Table 8 for a summary of the
collected data. Some of the data was concentrated on understanding the participants’
mathematical mindsets while other data focused on understanding their metaphorical frameworks
for mathematics.
I will begin my analysis process by presenting the raw data and then discuss the ways in
which I organized and analyzed the data. This will be followed by an interpretation and the
answers this interpretation generates for the research questions that were the focus of the study.
Perceptual Awareness and Discrimination: An Initial Look at the Data
The process outlined in the artistic ways of knowing (Haroutounian, 2017) begins with
the perceptual awareness and discrimination phase. It is during this phase that “[t]he artist pays
attention to what surrounds him or her and enjoys delineating intriguing details” (Haroutounian,
2019, p. 23). In this section, I will share an initial look at the data I collected - observations of
recorded lessons, survey data, research workbooks and transcripts from recorded lessons - and
how I organized that data through coding and statistics so that I could identify patterns and
anomalies that would generate the answers to my research questions.
Metaphor Data
Two forms of data were generated to provide insight to the metaphors that the
participants used for mathematics - transcripts from recorded lessons (lesson transcripts) and
research workbooks. Prior to coding the lesson transcripts for metaphors, I reviewed the initial
spread in the participants’ research workbooks where they identified their metaphor for
mathematics by responding to the prompt “Complete the statement ‘Mathematics is
_____________ because ____________.’ Then, provide an illustration to elaborate on and
support your statement (Cassel, 2011).” Figure 1 shows how each of the participants responded
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to this prompt. For each of the participants’ metaphors, I identified a word to use as a code,

defined the code and provided their words as an example that I could use to guide the coding of
the lesson transcripts. Later in the coding process, I changed the example to words from lesson
transcripts.
Figure 1
Initial Research Workbook Spreads of Participants’ Metaphors for Mathematics

Alex’s Initial Metaphor for Mathematics

Karen’s Initial Metaphor for Mathematics

Sally’s Initial Metaphor for Mathematics

Tara’s Initial Metaphor for Mathematics

In order to determine the metaphors for mathematics that the participants used during
their lessons, I used both provisional and inductive coding. With provisional coding a researcher
establishes codes prior to the beginning of the research (Saldaña, 2021). The three provisional
codes that I used were participation and acquisition as defined by Sfard (1998) and art for the
metaphor mathematics is art as I defined it using Haroutounian’s (2017) artistic ways of
knowing.
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The other metaphors that I coded were determined through inductive coding. Saldaña
(2021) described this type of coding process as one in which the researcher takes “a ‘learn as you
go’ approach that spontaneously creates original codes the first time data are reviewed” (p. 41). I
chose to use this approach to reduce my bias as to the metaphors I thought the participants might
use and instead make myself open to the metaphors that “appeared” in their language. As all of
my codes were for metaphors, I used Lakoff and Johnson’s (1980) Conceptual Metaphor Theory
to guide my coding process.
Lakoff and Johnson (1980) argued that “metaphor is not just a matter of language, that is,
of mere words,” in fact “human thought processes are largely metaphorical. This is what we
mean when we say that the human conceptual system is metaphorically structured and defined.
Metaphors are possible precisely because there are metaphors in a person’s conceptual system”
(p. 6). In identifying and defining metaphor codes, my goal was to identify metaphorical
entailments that helped me understand the conceptual system the participants were using for
mathematics (Lakoff and Johnson, 1980). This means that I looked for language that implied that
particular metaphors were impacting the participants’ language during their lessons. Table 9
provides a sample from my code book. Definitions, examples, and a discussion of my codes will
follow later in this section and my complete codebook can be found in Appendix F.
I began with Sally’s first lesson and during my first review of the transcript of that lesson,
I noted places where her language indicated that her self-described metaphor from her research
workbook, mathematics is a map, was impacting her instruction. For example, early in her first
lesson, Sally said “So, we’re going to start off by reviewing” (Lesson 1, p. 1). The words “start
off” indicate that there is a certain route one takes in learning mathematics and one must start at
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Table 9
Excerpt from Code Book
Acquisition or
Participation

Metaphor
Mathematics
is a…

Definition

A

Map

Math is a process that tells us
how to get from one concept to
another.

You don't have to go that way anymore. What can
you do from here to here?

Karen, Lesson
1, page 30

here, there, start, end,
getting closer

Math is something that is
unenjoyable and must be
completed.

That might be a little bit easier. Gavin, how did you
find it so quickly? Is there any easier way friends,
knowing what you know about arrays? What would
be easier?

Tara, Lesson 2,
page 17

easier, task, job, hard

Math is something you practice
to get "stronger."

Alright, we are going to warm up by counting by
halves and fourths.

Tara, Lesson 1,
page 1

warm-up, one more time,
try again, work, practice

Math is a trick that
mathematicians can figure out.

I have to tell you that I found this to be a little bit
tricky. And I had to look it up. Some places it seems
like they were saying that a trapezoid can only have
one set, and some said two. So I could very well be
wrong. But I do think that it can be both.

Alex, Lesson
3, page 4

tricky, confusing, victim,
fool you

A

Chore

P

Exercise

P

Trick

Example

Source

Notes
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the correct place in order to reach their destination. So, I coded this as map as it demonstrated
that this metaphor was part of Sally’s conceptual system for mathematics.
In addition to coding for the metaphor mathematics is a map, I noted other language that
might imply that additional metaphors were at play. For example, at one point in her first lesson,
Sally said “...we have to be really, really careful” (Lesson 1, p. 6) which suggested that
mathematics is dangerous. Sally also often described the steps the students should take in their
problem solving, emphasizing the procedural nature of mathematics. The following excerpt from
Lesson 1 provides an example of the process language Sally used.
And we're going to record each others' data that we collect with our measurement.
Because what we're going to do, if you look in your book, looking at this table, it says use
the ruler to make, to measure different classmate straws to the nearest inch, half
inch and quarter inch. You're going to record the measurements in the chart below. (p.
35).
After I made the initial pass through Sally’s first lesson, I reviewed what I had marked
and looked for patterns in her language. I used this to generate additional metaphor codes that I
would look for in her subsequent lessons as well as the other participants' lessons. After I
completed this initial coding pass on Sally’s first lesson, I proceeded in a similar manner through
the first lesson of each of the other participants and continued to add codes to my codebook.
Each time I encountered a new metaphor, I would add it to my codebook and then go back to
lessons I had already coded to look for evidence of that new metaphor. Throughout the coding
process, I kept my codebook in front of me and updated it as evidence for new metaphors
appeared. Prior to each coding session, I reviewed this codebook and the last coded lesson to
help ensure reliability in coding.
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Upon completing the first coding pass of a lesson, I entered the metaphors and the
evidence for them in a spreadsheet. I noted the lesson and page reference and coded the
metaphor as an acquisition or participation metaphor. I then tallied the number of times there was
evidence of each metaphor and how many cases of acquisition and participation metaphors were
recorded. This data entry afforded me the opportunity to make a second pass at the coding of the
lesson transcripts to ensure that I was coding consistently. After I coded and compiled the
metaphor data from the first three lessons of each participant, I reviewed the codes that I had
defined in my codebook to look for themes. I organized the acquisition metaphors into three
different themes - mathematics is a destination, mathematics is a process, and mathematics is a
product. I organized the participation metaphors into four different themes - mathematics is art,
mathematics is a discovery, mathematics is a guy, and mathematics is work. I will discuss these
themes, as well as two additional themes that were identified in the participants’ research
workbooks, later in this section.
As I indicated in my methodology, I led the participants in 12 hours of professional
development (PD), in which they engaged with mathematics using artistic ways of knowing
(Haroutounian, 2019). These sessions, which were recorded, were scheduled in two to three
hours increments over the months of June, July, and August of 2021, well after the first three
lessons of each of the participants had been recorded. The metaphor mathematics is art guided
these PD experiences and the participants used a research workbook (Marshall & Donahue,
2014) to explore mathematical concepts and record their findings and new understandings.
At the beginning of each session, I asked the participants to review the initial spread of
their metaphor for mathematics and to make any changes they would like to based on their
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current understanding of mathematics. Each of the participants made some sort of change at the
beginning of the second session. Sally was the only participant who also made changes in
sessions 3 and 4. Figure 2 shows how their metaphor research workbook spreads changed over
the course of the first four PD sessions.
Figure 2
Research Workbook Metaphor Spread Evolution by Participant

Alex

Karen

Sally

Tara

During the final PD session, I asked the participants to respond to the following prompt,
“Create a two-page spread completing and illustrating one of the following sentences: If your
metaphor for mathematics has changed, complete the statement ‘I used to think mathematics
was_________ because _________. Now I think mathematics is _________because

65

MATHEMATICS IS ART

_________.’ Provide an illustration to show how your metaphor for mathematics has changed. If
your metaphor for mathematics has not changed, complete the statement, ‘Mathematics is
_______ because _______.’ Provide an illustration to show how our work this summer has
supported/solidified your metaphor. If you now have multiple metaphors for mathematics,
complete the statement ‘Mathematics is_________ and _________ and_________ because
________ and ________ and _______.’ Provide an illustration to elaborate on and support your
statement.” Figure 3 shows the participants’ responses to this prompt. I used the final spread of
the participants' research workbooks to add additional metaphors to my codebook.
Figure 3
Final Research Workbook Spreads of Participants’ Metaphors for Mathematics

Alex’s Final Metaphor for Mathematics

Karen’s Final Metaphor for Mathematics

Sally’s Final Metaphor for Mathematics

Tara’s Final Metaphor for Mathematics

Using the codes from the participants’ first three lessons and the metaphor spreads in
their research workbooks, I identified and coded metaphors in the other pages of the participants’
research workbooks using provisional coding. I also used inductive coding when I saw images
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and language that suggested the presence of other metaphors in the participants' conceptual
systems for mathematics and then added these codes to my codebook. The coding of the research
workbook pages not only generated additional codes but also two new participation metaphor
themes - mathematics is a lens and mathematics is human. I made another pass at the lesson
transcripts from the first three lessons of each participant to look for evidence of these new
metaphors and then moved on to coding the last three lessons of each participant. To code these
final lessons, I used my codebook to engage in provisional coding. Then, I compiled the
metaphor codes from the research workbooks and the last three lessons of each of the
participants in a spreadsheet in the same manner in which I had compiled the metaphors from the
first three lessons.
The final step in the metaphor coding process was to aggregate the metaphors by theme
across all participants and lessons. I did this in order to ensure I was coding consistently across
participants, lessons, and research workbooks to increase the reliability of my coding. This
process helped me catch and correct discrepancies in my metaphor coding and further understand
and organize my themes, which I will discuss in the next sections. First, I will discuss the
metaphors that I categorized as acquisition metaphors and how I organized them into themes.
This will be followed by a discussion of the participation metaphors and themes. Table 10
provides an overview of the organization and categorization of these metaphors.
Acquisition Metaphors. Sfard (1998) defined acquisition metaphors as those that are
focused on the learning as a means for procuring some sort of product. Further, they position the
student as the recipient of the knowledge and the teacher as the provider. See Sfard’s (1998)
Metaphorical Mappings in Table 3 . Using Sfard (1998) as my guide, I identified 13 acquisition
metaphors in my participants' lessons and research workbooks, and I organized them into three
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Table 10
Categories, Themes, and Metaphors
Category

Acquisition

Theme

Metaphors

Destination

beauty, chore,
correct answers,
exact

Process

Definition
Mathematics is something that can be
obtained from your teacher and has a
universal definition.

computation, map,
Mathematics is a process of acquiring
network, path,
specific skills and completing tasks.
process, race

Product

formulae,
language, tool

Mathematics is a collection of products
and skills one can acquire.

Club

group of guys

Mathematics is a community of males.

Discovery

code, experiment,
mystery, pattern,
puzzle, secret,
trick

Mathematics can be learned and
understood by the community of
mathematicians and with a mentor
anyone can immediately participate in
this community.

Human

community,
nature, personal

Mathematics is a community that
everyone can and does participate in.

Lens

kaleidoscope,
window

Mathematics is what mathematicians
use to see, understand, and
communicate about the world in a
variety of ways.

Work

exercise, mental
calculations,
mental processes,
tight rope

Art

Art, creation,
performance

Participation

Mathematics is an activity one can
engage in.
Mathematics is creative interpretations
of the world by those in the
mathematics community.

different themes - mathematics is a destination, mathematics is a process, and mathematics is a
product. I will discuss these themes here in alphabetical order.
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The metaphors included in the mathematics is a destination theme were mathematics is

beauty, a chore, correct answers, and exact and focused on obtaining something that the teacher
has indicated has a universal definition. They also contributed to the idea that mathematics is
fixed and therefore, must merely be acquired. Definitions for and examples of each are provided
in Table 11.
Table 11
Destination Metaphors: Definitions and Examples
Metaphor

Beauty

Definition

Mathematics is a combination
of qualities that is universally
aesthetic.

Examples
Doesn't look like it has any, does it? So this one has no right angles. Is this
a trapezoid? Oh, think about it. Is that a trapezoid? It doesn't look like your
typical trapezoid that you think about, like we saw in the last slide but this
is a trapezoid. (Alex, Lesson 2, p. 5)
Do you see where those are, Renee? Right there and right there. Those
perfect corners. (Karen, Lesson 1, p. 14)
You must work on it for the next 10 minutes. (Sally, Lesson 5, p. 11)

Chore

Correct
Answers

Exact

Mathematics is unenjoyable
and routine tasks that must be
completed.

Mathematics is a collection of
correct answers that you can get
from a teacher.

Mathematics is a precise
subject and the goal is to get the
exact correct answer.

I just think that, that it's easier instead of keep searching searching
searching that you just keep on, checking off, plot, check off, plot, check
off, plot. So you're saving all of that searching time, okay? (Tara, Lesson 2,
p. 22)
There are two shapes out of all of these that have four right angles and four
equal sides. You know if something has four equal sides, what shape does
it have to be? It has to be a square. So, which two are your squares? F and
C. (Alex, Lesson 1, p. 19)
So, what's the answer? Five? You got it. (Sally, Lesson 4, p. 21)
Alright, so the other thing I want you to take a look at, is I asked you to
take your ruler out and I want to be as precise as possible. Precise means
exact. So do you think it would make sense to use inches? Half inch.
Quarter inch. Or centimeters, if I want to be precise. Some of you think
centimeters. Curt. Why would I not want to use an inch? Why would I not
want to use an inch? It's too big, right? And when you want to be precise,
you want to get as close as...possible. (Alex, Lesson 2, p. 8)
If you're feeling like oh, I kind of want to make sure that I'm doing this the
right way. You can come join me on the carpet. (Tara, Lesson 5, p. 10)
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The metaphors that I included in the mathematics is a process theme were mathematics is
computations, a map, a network, a path, a process, and a race. These metaphors focused on
acquiring specific skills and completing tasks. In addition, they are teacher-centered and rooted
in the idea that mathematics is something that exists outside of humans and must simply be
acquired. Definitions for and examples of each are provided in Table 12.
Table 12
Process Metaphors: Definitions and Examples
Metaphor

Definition

Examples

Computation

Mathematics is
something to be
calculated.

Okay, buddy. Three twos plus two more twos. How many total twos is or how many
fours is that? (Alex, Lesson 5, p. 15)
I was trying to critically think what computation I could use to solve for the answer.
(Sally, Research Workbook, p. 3)

Map

Mathematics tells us
how to get from one
concept to another.

How do we know where to start on our number line and where to end? (Sally, Lesson
3, p. 13)
So 33 and a half and then you're going to continue that way until you get to 37. (Tara,
Lesson 2, p. 5)
How might this relate to the array that we already drew? (Karen, Lesson 4, p. 11)

Network

Mathematics is a
system of
interconnected
things.
(Tara, Research Workbook, p. 1)

Path

Mathematics is a
clearly defined
course.

You're not done. Keep going. (Alex, Lesson 6, p. 12)
Alright, go ahead Avery walk us through your thinking here. (Tara, Lesson 6, p. 5)

Process

Mathematics is a
series of steps that
gets you to an
answer.

The bottom number is bigger, so you have to go to this three...and take a 10 from
that...cross that out. And this becomes two. (Alex, Lesson 1, p. 4)
Our triangle here and I want you to find the perimeter. Measure. Do your adding. Find
your perimeter and then pause….Measure it to your nearest, centimeter. Label all your
sides. Find your perimeter. (Karen, Lesson 2, p. 9)

Race

Mathematics is a
competition to be
completed quickly.

When I say go, and then I want you to do 15 circles using that. (Sally, Lesson 4, p. 12)
And yes, if you skip count by the larger number, you'll find it faster, you only need to
skip out by sixes three times. Right when you try to do it from a song. Ready, Set,
Sing. Let's do the fast way. (Tara, Lesson 5, p. 4)
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The final acquisition theme is mathematics is a product, and I included the metaphors
mathematics is formulae, a language, and a tool in this theme. These metaphors emphasize the
products that one will amass in learning mathematics and they contribute to the notion that

mathematics is simply a collection of skills. Definitions for and examples of each are provided in
Table 13.
Table 13
Product Metaphors: Definitions and Examples
Metaphor

Formulae

Definition

Examples

Mathematics is a collection of rules
that are written with symbols.

(Sally, Research Workbook, p. 8)

Language

Mathematics is a system of
communication that can be used to
understand the world.

So, a polygon is a closed shape that has no gaps or overlaps
between straight lines, right? And a polygon that has four sides
is called a quadrilateral. A quadrilateral has…? Four sides.
Turn and tell your partner how many sides a quadrilateral has.
(Alex, Lesson 1, p. 11)
And if you want to really speak mathematically, you can say
because two and two quarters are equivalent or is equivalent,
right? (Tara, Lesson 1, p. 22)

Tool

Mathematics is something you use to
“make” or understand something.

I need someone to tell me how can we make this into an array?
(Karen, Lesson 5, p. 12)
What would you use to figure this out? (Sally, Lesson 2, p. 9)

Participation Metaphors. In contrast to acquisition metaphors, Sfard (1998) defined
participation metaphors as those that are focused on the learning as being engaged with a
community and doing. They position both the teacher and the student as active participants, with
the students assuming the role of apprentice while the teacher serves as the expert and mentor.
See Sfard’s (1998) Metaphorical Mappings in Table 3. Using Sfard (1998) as my guide, I
identified 20 participation metaphors in my participants' lessons and research workbooks, and I
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organized them into six different themes - mathematics is a club, mathematics is a discovery,
mathematics is human, mathematics is a lens, mathematics is work, and mathematics is art. I
discuss these themes here in alphabetical work with the exception of mathematics is art, which I
will discuss last, as it is the focus of this study.
There was only one metaphor included in the club theme, which was mathematics is a
group of guys. While the idea of community is central to this metaphor, the implication is that
the community is limited to males. This was not a very prevalent metaphor and only used a few
times by two of the participants. So, I ultimately did not include it in the participants’
metaphorical frameworks.
The metaphors that I included in the discovery theme were mathematics is a code, an
experiment, a mystery, a pattern, a puzzle, a trick, and a secret. These metaphors focus on the
fact that mathematics can be learned and understood by the community of mathematicians and
that with a mentor students can immediately participate in this community. Definitions for and
examples of each are provided in Table 14.
I included three metaphors in the mathematics is human theme. They were mathematics
is a community, nature, and personal. Similarly to the other participation metaphors, these focus
on mathematics as a community. In addition to that, they emphasize the aspect of belonging as
they indicate that mathematics is a community that everyone can and does participate in. It is not
exclusionary but inclusionary. Definitions for and examples of each are provided in Table 15.
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Table 14
Discovery Metaphors: Definitions and Examples
Metaphor

Definitions

Examples

Mathematics is a
system of numbers,
symbols, words, and
figures that
mathematicians use.

Remember anytime it's telling you to make an array, think rows and columns. That's
what it's telling you, rows and columns. (Karen, Lesson 4, p. 9)

Mathematics is
something that we
make theories about
and then test in order
to learn.

Do you think that we should add those together? It says that they earn, they raise
$68 less. So why don't we subtract them and see what we get? (Alex, Lesson 1, p. 3)

This should have been a clue that it looks kind of silly. (Karen, Lesson 5, p. 17)

Mystery

Mathematics is
something that is
difficult to understand
but mathematicians
will clue you in.

Pattern

Mathematics is a
logical design.

Code

Experiment

...and we see those keywords, "many more." When we see those keywords, "many
more," we're going to assume that we need to do what? (Sally, Lesson 2, p. 19)

Let's test it with our song. (Tara, Lesson 4, p. 8)

Tomorrow it might be that we're... it might be for looking for groups, it might be
that we're looking for size, we have to figure it out. (Sally, Lesson 5, p. 3)

(Sally, Research Workbook, p. 2)

Puzzle

Mathematics is a
collection of problems
designed to test your
ingenuity and
knowledge.

Secret

Mathematics is
something you have to
figure out on your
own and then you will
be a mathematician.

Trick

Mathematics is a trick
that mathematicians
use to outwit others.

It has to have one right angle, has to be a trapezoid. But it can't have any parallel
lines. Why can't you do that? (Alex, Lesson 3, p. 18)
So he's saying you can draw polygons that has two sides and that has two angles.
Meaning only two sides, and only two angles. Can you do that? Explain why.
(Karen, Lesson 1, p. 30)
Okay, we're going to try to figure it out on our own. (Sally, Lesson 4, p. 8)
I would like you to work on your own and if you need help, you can help each other.
But I'd like for you to do as much independently as you can. (Tara, Lesson 3, p. 16)
J is tricky, if you look at it, they would eventually these two lines are kind of coming
down towards each other and they would intersect. (Alex, Lesson 1, p. 18)
That tricked you, three is our size. A lot of you got tricked on that. (Sally, Lesson 5,
p. 4)
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Table 15
Human Metaphors: Definitions and Examples
Metaphor

Definition

Examples
Now normally, we would stand up and we would find a partner and we would share
our thinking but today, let's just talk about it as a whole class, I think it's helpful we
all hear our thinking. (Alex, Lesson 4, p. 9)

Community

Mathematics is
something we do
with others.

Mathematics is
something everyone
can do. It is natural
and organic.

Nature

Personal

Mathematics is
something that
everyone has a voice
in.

But you're going to work as a team for this. So I want to hear you talking about it.
Okay? When I say work as a team, you don't need to just sit and stare at each other.
Don't be shy, you're working together, put your ideas together, one of you may have
an idea, and somebody else may go, oh yeah, and they can add to your idea. So don't
be shy about working together. (Karen, Lesson 4, p. 13)
Using a material in our classroom, I'm going to have you go around the room. And
you're going to model this equation. (Alex, Lesson 4, p. 6)
Yes, the Ways of Knowing was very helpful because it allowed me to step back and
act more like a facilitator. I was able to draw on student discoveries and enrich and
extend the lesson. It made the process of learning feel natural. (Tara, Research
Workbook, p. 15)
Preston is that what you chose to use? Alright, let's stand up at your spot. Preston
chose to use what? Chips and you used blocks and Harrison used colored pencil box,
colored pencil boxes... Who did the markers? Jenna did markers. Roselyn did
folders. Derek did noodles, Isabella did workbooks, Evan did markers, Cooper did
dice, Daysha did notebooks, Demarcus did skittles, Karly and Ashlyn did paper clips
and glue sticks. (Alex, Lesson 4, p. 7-8)
If Beth wants to draw and Camden wants to use the chips, that's fine. That's up to
you. (Karen, Lesson 4, p. 2)

The metaphors that I included in the mathematics is a lens theme were mathematics is a
kaleidoscope and a window. These metaphors focus on communication and engagement of those
in the mathematics community. That is, mathematicians learn to see the world in a variety of
ways. Definitions for and examples of each are provided in Table 16.
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Table 16
Lens Metaphors: Definitions and Examples
Metaphor

Kaleidoscope

Window

Definition

Mathematics is a bunch of ideas
and concepts that we can
assemble in a variety of ways to
make something new.

Mathematics is something we
create to “look” through to
“see” the world in a new way.

Examples
Are there many different ways to solve that? Did we see everybody
solve it in a little bit of a different way? Like somebody used
number bonds? Somebody did. I know Parker did repeated
addition. He did five plus five plus five. Didn't you Parker? That
was awesome. There's many different ways we could solve that. So
just because your friend had a different way. (Sally, Lesson 4, p. 7)
If you need to do a picture to go with it. Go ahead, do whatever
strategy works for you. If you want to do repeated addition. Go
ahead. If you want to do a number bond, whatever works for you,
there's all different ways to figure it out. (Tara, Lesson 6, p. 6)
But. So, we're talking about attributes, like do things that ways that
we could describe the shape traits that it has. So what are some
ways we could describe it? Katie? Could we classify these by the
number of sides they have? Absolutely! What's another way?
Oooo, by the way, that the angles are slanted. We could classify
them by their angles. So far, the number of sides, and their angles.
Violet? [Student provided answer.] Okay. By the place where you
find the angle. Angel? Okay? (Alex, Lesson 1, p. 10)
There's many different ways to make a trapezoid on here. There's
no one right way. (Karen, Lesson 3, p. 20)

The metaphors that I included in the mathematics is work theme were mathematics is
exercise, mental calculations, a mental process and a tightrope. These metaphors focus on the
fact that mathematics is an activity to engage in. Definitions for and examples of each are
provided in Table 17.
The final participation metaphors are included in the mathematics is art theme and focus
on the creative nature of mathematics by those in the mathematics community. They are rooted
in belonging and communicating in one’s own voice. These metaphors are mathematics is art, a
creation, and a performance. Definitions for and examples of each are provided in Table 18.
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Table 17
Work Metaphors: Definitions and Examples
Metaphor

Definition

Examples

Exercise

Mathematics is something you
practice to get “stronger.”

So we're going to practice this with something else a little bit. (Alex,
Lesson 4, p. 13)
Okay, now, we're going to start working with the distributive property.
(Tara, Lesson 5, p. 5)

Mental Calculations

Mathematics is something
mathematicians engage in
mentally.

Do six plus 10 in your head. (Alex, Lesson 6, p. 9)
Good. So pretty much in your heads...what you guys were doing was you
were doing that division mentally inside your heads. Right, Zane? (Sally,
Lesson 1, p. 2)

Mental Process

Mathematics is a process that
mathematicians can do in their
minds.

Think about it. Frank, where could you go? Nope, we're not having a
group up there only three groups. So you're joining one of those groups
to make the group's equal. Think about where you could go. (Karen,
Lesson 4, p. 6)
You don't even have to make the X but in your head, that's what you're
thinking, right? Yeah. In your head, that's what you're thinking....You
don't have to draw it. You don't even have to draw it. Just think about it
in your head. You don't have to draw the boxes. Think about it in your
head. (Sally, Lesson 3, p. 10-11)

Tightrope

Mathematics is dangerous, so we
must be careful not to make
mistakes and “fall.”

Measure your sides carefully. (Karen, Lesson 2, p. 13)
Read the directions very carefully. (Tara, Lesson 3, p. 21)

Table 18
Art Metaphors: Definitions and Examples
Metaphor

Definition

Examples

Art

Mathematics is
something we
observe, interpret,
and create
representations of
using our creativity
and imagination.

Let's look at what we're going to have to draw, because remember, our objective for today is
that you're going to be able to draw polygons, based on special attributes. So this is what you
have to do, you're going to have to draw a shape that has at least one angle that's greater than
a right angle. It has to be a quadrilateral. And it has to have all equal side lengths. (Alex,
Lesson 3, p. 12)
Draw a quadrilateral with four right angles and sides that are all 2 inches long. Well, they, all
the sides have to be 2 inches. So think about what that, what you would do. Use that to help
you. Draw a quadrilateral with at least one set of parallel sides. (Karen, Lesson 1, p. 31)

Creation

Mathematics is
something we make.

Create an angle that's greater than a right angle. (Karen, Lesson 1, p. 7)
Today, we are actually going to start creating our own. (Tara, Lesson 1, p. 1)

Mathematics is
something that we
can present.

I need for you to show me with your body right now, a right angle. A right angle. What
would a right angle look like? Either arm, one of them has to be facing the ceiling and the
other one has to be facing the wall. Now pinch those arms together and show me an acute
angle. It can be anywhere from where you were to very close together. Now put them back
to the starting spot at 90 degrees and show me obtuse which would mean like you stretch it
out. And the last thing I need you to show me a straight line is 90 degrees. (Alex, Lesson 3,
p. 28)
Can you show me how they got five? (Sally, Lesson 4, p. 21)

Performance
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Mindset Data
According to Dweck and Yeager (2019), a “growth mindset is the belief that human
capacities are not fixed but can be developed over time” (p. 481). A mathematical mindset is a
growth mindset about mathematics (Boaler, 2016). In this study, I collected two types of data in
an effort to discern the participants' mathematical mindset. One type of data was the participants’
self-reporting of their mathematical mindset, while the other was my observation of their
mathematical mindset in action. It was important to collect both types of data for a more
complete picture of the participants’ mathematical mindsets, as “many teachers have talked to
students about the importance of having a growth mindset, and the importance of trying hard,
without changing the nature of their teaching” (Anderson et al., 2018, p. 98). That is, teachers
may claim a mathematical mindset without actually teaching with one. In this section, I will
explore the mathematical mindset data collected to identify the connections between their
mathematical mindset instructional practices and their self-reported mathematical mindsets and
(Anderson et al., 2018).
As previously stated, each participant recorded a total of six lessons - three before the
professional development (PD) and three after. I reviewed the recordings and scored them for the
mathematical mindset practices employed by the participants during instruction using the
Mathematical Mindset Observation Tool (Anderson et al., 2018) found in Appendix A. In order
to prepare for consistent scoring of each lesson, I reviewed the rubric and examples provided in
research by Anderson et al. (2018). Once I had scored the first lesson, I was able to review it to
inform my scoring of subsequent lessons thus increasing the reliability of this scoring. Each time
I scored a lesson I documented qualitative evidence to support my scoring decisions.
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Additionally, I asked a critical friend (Rossman and Rallis, 2012), who is a former mathematics
educator, to score one of Sally’s lessons. Her results were similar to mine, which increased my
level of confidence that my scoring was reliable. I scored the first lesson of each participant
before moving on to the second and third lessons, as this helped me score more reliably across
participants.
After I rated a lesson using the tool, I converted the ratings to numerical scores (Not
Observed = 0, Emerging = 1, Accelerating = 2, and Expanding = 3). Each mathematical mindset
practice had two or three sub-categories, which were scored 1, 2, or 3, and then averaged to
determine the score for the mathematical mindset practice. Table 19 shows a sample of how
Alex’s mean score was determined for Mathematical Mindset Practice 1 in her first lesson
recording and some of the evidence that led to the rating decisions.
Table 19
Sample of Mathematical Mindset Rating for Alex
Mathematical Mindset Practice 1: Teacher fosters culture where all students can learn at high levels.
Rating

Description

Evidence

Score

Mindset
Message

Accelerating

Teacher attempts to give belief
messages but too broad, too generic,
mechanical disconnected

“Come on, Alejandro. You can
do it.”

2

Praising
Effort

Accelerating

Teacher praises effort at times, but
may focus on praising individuals at
other times.

“I like what Katie did. She’s
going to put it all the way
across the top.”

2

Expanding

Most students vocalize/show selfbelief and confidence

Teacher called on almost all of
the students during class and
students answered confidently,
even when incorrect.

3

Students’
Mindsets

Mean Score for MMP1, Lesson 1

2.33
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After I scored and calculated the means for each mathematical practice for each

participant in each of their lessons, I separately calculated the mean of each practice for all three
lessons prior to the PD sessions, as well as all three lessons after the PD sessions. Table 20
shows all of these scores for each participant.
Table 20
Mathematical Mindset Instructional Practices Observed
Alex

Karen

Sally

Tara

Mathematical Mindset
Instructional Practice
Before

After

Before

After

Before

After

Before

After

MMP1: Teacher fosters culture where all
students can learn at high levels.

1.94

1.89

2.39

2.89

2.78

1.83

2.67

2.78

MMP2: Teacher provides and facilitates
open mathematics.

1.67

1.44

1.89

2.78

1.5

1.89

1.67

3

MMP3: Teacher maintains high challenge
and cognitive demand.

1.61

1.44

2.11

2.94

1.78

1.56

1.89

2.5

MMP4: Mistakes are seen as valuable,
risk-taking is encouraged.

2.17

2

2.33

2.83

2.08

2

2.42

2.67

MMP5: Teacher maximizes studentstudent interactions.

2.11

1.72

1.94

3.00

2.06

2.17

2.56

2.89

Karen and Tara displayed a growth in all of the mathematical mindset practices, while
Sally showed growth in some practices but not others. Interestingly, Alex did not show growth in
any of the practices and, in fact, her post-PD scores were lower for all practices than her pre-PD
scores.
The second data source that generated data about the participants’ mathematical mindsets
was Sun’s (2018) Mindset Belief Survey. Table 21 shows how the participants scored each
statement and their mean mathematical mindset belief scores both before and after PD. Because
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the statements were written in the negative, a lower score indicates that the participant claimed
more of a mathematical mindset as they strongly disagreed with the negative statements.
Table 21
Teacher Mindset Belief Survey Results
Alex

Karen

Sally

Tara

Mindset Belief Statement
Before

After

Before

After

Before

After

Before

After

There are limits to how much people can
improve their basic math ability.

1

1

1

1

1

1

1

2

You have a certain amount of math intelligence,
and you can’t really do much to change it.

1

1

1

1

1

1

1

1

In math class there will always be some
students who simply won’t “get it.”

1

1

2

2

1

1

1

1

Some students have a knack for mathematics
and some just don’t.

2

2

4

4

1

1

2

3

Some students are not going to make a lot of
progress this year, no matter what I do.

1

1

2

1

1

1

1

1

In my class(es), students who start the year low
performing tend to stay relatively low
performing.

2

1

3

3

2

2

2

1

1.33

1.17

2.17

2.00

1.17

1.17

1.33

1.50

MEANS

It is notable that all of the participants' mean scores, both before and after PD, are
relatively low indicating that the participants claimed a mathematical mindset. Further, while
Alex’s and Karen’s mindset belief scores decreased after the PD, Sally’s remained the same and
Tara’s increased slightly.
With the coding and data compilation and organization completed, I moved on to the
second phase in the artistic ways of knowing - metaperception (Haroutounian, 2019). During this
phase, I reflected on and made sense of the data in light of the research questions as I prepared to
create and present my interpretation of the data.
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Metaperception: Making Sense of the Data
Haroutounian (2017) used the term metaperception “to describe the inner manipulation
and monitoring of senses and emotions that takes place through the artistic interpretive process”
(p. 50) and likened it to the term metacognition. In this phase of the artistic ways of knowing, the
artist filters and manipulates “sensory perceptions combined with cognitive and expressive
decision making in order to create artistic solutions” (Haroutounian, 2017, p. 50). In this section,
I will share my process of metaperception about the metaphor and mindset data I collected and
how the process helped me decide how to create a representation of the data in a manner that
would provide answers to my research questions.
Metaphorical Perspectives
The first question that I sought to answer with this study is: How do elementary inservice teachers view mathematics through metaphorical perspectives? As I reflected on the data
I collected, I knew that the counts I collected about the different metaphorical themes evident in
the lesson transcripts would provide some insight to the answer to this question. I aggregated the
counts across lessons and research workbook pages for each participant and then determined the
percent each of those counts represented in the participants’ metaphorical framework. Those
results are shown in Table 22.
From the data in Table 22 it is clear that the participants’ metaphorical frameworks were
almost equally split between acquisition and participation metaphors. According to Sfard (1998),
it is important that our metaphorical frameworks are a combination of both acquisition and
participation metaphors as an “adequate combination of the acquisition and participation
metaphors would bring to the fore the advantages of each of them, while keeping their respective
drawbacks at bay” (p. 11). The data in the table also highlight the dominant acquisition and
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participation metaphors in each participants’ framework. I looked back at the specific ways in

which these metaphors presented themselves in the participants’ lesson transcripts and research
workbooks so that I might better understand the role they played in the participants’
understanding and teaching of mathematics.
Table 22
Percent of Metaphorical Themes of Participants

Acquisition

Metaphorical
Theme

Alex

Karen

Sally

Tara

Destination

17.7%

12.8%

8.2%

6.7%

Process

11.8%

20.9%

17.8%

22.5%

Product

15.7%

11.0%

17.2%

20.0%

45.2%

44.7%

43.3%

49.2%

Discovery

20.9%

17.2%

17.2%

8.5%

Human

8.6%

6.9%

17.2%

20.9%

Lens

3.8%

3.8%

4.5%

4.0%

Work

3.6%

7.5%

8.5%

2.2%

Art

18.0%

19.9%

9.1%

15.2%

54.8%

55.3%

56.7%

50.8%

Total
Acquisition

Participation

Total
Participation
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Alex. Alex’s dominant acquisition metaphor was mathematics is a destination. As I
reviewed the transcripts of her lessons, I repeatedly found language that showed that
mathematics is a commodity that someone can obtain and is universally identifiable. That is, it is
something that we can “get” or “get to.” Here are several lesson excerpts that provide evidence
of the metaphor mathematics is a destination.
It doesn’t look like your typical trapezoid that you think about, like we saw in the last
slide, but this is a trapezoid. (Lesson 2, p. 5)
Let me just find exactly what I wanted to share with you…You are right. It will be a
square. If it has four right angles, it would be a square. (Lesson 2, p. 6)
Make sure your rows are straight. And even. Make them straight, please. (Lesson 4, p.
12)
There is also plenty of data to indicate that mathematics can be learned by those in the
community of mathematicians. That is, mathematics is a discovery.
Could it be like this? But could it be like that? Could it be like this? Yeah? Is there only
one right answer? Did you, were you able to find any that just don’t work? (Lesson 3, p.
17)
How can we figure that out everyone? What could we do to figure out 10 plus 15?
(Lesson 5, p. 10)
I have to tell you that I found this to be a little bit tricky. And I had to look it up. Some
places it seems like they were saying that a trapezoid can only have one set, and some
said two. (Lesson 3, p. 4)
While the metaphor mathematics is a discovery was also dominant in Alex’s research
workbook, the metaphor mathematics is a destination was not. Rather, the acquisition metaphor
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mathematics is a product is more prevalent in her research workbook. See Figure 4 for evidence
of the prevailing metaphors in Alex’s research workbook.
Karen. I noticed that Karen’s dominant participation metaphor appeared to be
mathematics is art. She regularly used language that indicated that students could participate and
create as members of the mathematics community. These excerpts from her lesson transcripts are
examples of the ways in which mathematics is art was part of Karen’s metaphorical framework
for mathematics.
Figure 4
Pages from Alex’s Research Workbook

Mathematics is a discovery. (Research Workbook, p. 2)

Mathematics is a discovery. (Research Workbook, p. 12)

Mathematics is a product. (Research Workbook, p. 4)
Mathematics is a product. (Research Workbook, p. 14)

So we are starting with something I want you to observe. So your markers can be closed
right now. Okay, I have two equations up here, one here. And one here. I want you to
observe, meaning again, that you're just looking at it. And thinking, what do you notice
about these two equations? (Lesson 5, p. 2)
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And I would like somebody to come up and draw what the array should look like, you
can just bring your own marker right up and draw up here, what your array looks like.
(Lesson 4, p. 16)
The metaphors mathematics is a process and mathematics is art also seemed to be
prominent metaphors in Karen’s research workbook pages as seen in Figure 5.
Sally. While the other three participants seemed to have one principal acquisition and
participation metaphor in their lesson transcripts, Sally seemed to have two of each. It was
Figure 5
Pages from Karen’s Research Workbook

Mathematics is a process. (Research Workbook, p. 12)

Mathematics is a process. (Research Workbook, p. 15)

Mathematics is art. (Research Workbook, p. 2)

Mathematics is art. (Research Workbook, p. 10)

evident in her lesson transcripts that the acquisition metaphors mathematics is a process and
mathematics is a product and the participation metaphors mathematics is a discovery and
mathematics is human were primary metaphors in her metaphorical framework. The first two

85

MATHEMATICS IS ART
excerpts that follow exemplify her leading acquisition metaphors and the last two her leading
participation metaphors.
We're almost at our new learning. I know it's taken a while. (Lesson 2, p. 21)
So here's what we're going to do. What I want you guys to do is think about the process

that we did to create this line plot. Right, Ethan? Think about the steps we did. (Lesson 3,
p. 11)
So, we’re not going to know something. It’s going to be a mystery. (Lesson 4, p. 2)
Did you ask three before me? Did you ask three friends before me? (Lesson 5, p. 14)
As I reviewed the pages of Sally’s research workbooks, I found that mathematics is a
process and mathematics is a discovery seemed to be her most prevalent acquisition and
participation metaphors. This is illustrated in the pages from her research workbook shown in
Figure 6.
Figure 6
Pages from Sally’s Research Workbook

Mathematics is a process. (Research Workbook, p. 3)
Mathematics is a process. (Research Workbook, p. 2)

Mathematics is a discovery. (Research Workbook, p. 2)

Mathematics is a discovery. (Research Workbook, p. 6)
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Tara. Like Karen and Sally, Tara’s prevailing acquisition metaphor was mathematics is a
process. The notion that there is a particular order and manner in which mathematics should be
done was repeatedly evident in her language as seen in the following excerpts from her lesson
transcript.
You got it. Awesome. You are on the right track here. (Lesson 1, p. 21)
So put your first numbers. You don't want to get those tick marks confused. Arrow.
Arrow. Okay. Now write your first number. Write your first number. Okay, your last
number and then you're going to count by halves. So, tick mark. Tick mark. And then
what would be your next tick mark? (Lesson 2, p. 4)
Tara’s metaphorical framework was balanced by her main participation metaphor mathematics is human. She repeatedly used language that fostered the understanding that
mathematics is a community in which the members are actively engaged in work together. The
following excerpts from her lesson transcripts exemplify the presence of this metaphor in Tara’s
teaching.
We have each other here to help. I’m right here to help. (Lesson 4, p. 13)
Group B is going to pick a group B partner to work on the Lesson 10 problems. (Lesson
5, p. 10)
While mathematics is a process was a prevalent acquisition metaphor in Tara’s research
workbook pages, it was not the only one. There was repeated evidence in Tara’s work of the
metaphor mathematics is a product. And, although I did not find much evidence in her research
workbook that mathematics is human, I did find recurrent evidence of the metaphor mathematics
is art. Examples of these metaphors in Tara’s research workbook can be seen in Figure 7.
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Summary. After reviewing and examining the aggregate metaphor data for each of my
participants’ lesson transcripts and research workbooks, I reflected on what representation I
could create that would accurately express how these teachers view mathematics through
metaphorical perspectives. I experimented with a variety of representations and finally decided
on one that will be presented and discussed later in this chapter.
Mindset and Instructional Practices
In order for me to answer research questions 2 and 3 about the relationship between
mindset, instructional practices, PD, and metaphors, I needed to understand the story my data
was telling me about teacher mindset and instructional practices. I looked back through the
Figure 7
Pages from Tara’s Research Workbook

Mathematics is a process. (Research Workbook, p.14)

Mathematics is a product. (Research Workbook, p. 4)

Mathematics is art. (Research Workbook, p. 5)
Mathematics is art. (Research Workbook, p. 11)
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mindset data that I collected through scoring the mathematical mindset practices the participants
used in their lessons and their responses to the Mindset Belief Survey (Sun, 2018). In the spirit of
metaperception, I reflected on what this data could tell me about the participants’ mindsets and
instructional practices and how they might be connected to the participants’ metaphors for
mathematics. I calculated the mean mindset belief score and mean mathematical mindset
practices score for each participant. I aggregated the mathematical mindset practices scores
across the mathematical practices but separately calculated the means of the scores on the
Mathematical Mindset Observation Tool (Anderson et al., 2018) and the Mindset Belief Survey
(Sun, 2018) prior to and after the PD sessions. These means are displayed in Table 23.
Table 23
Mean Mindset Belief Scores and Mathematical Mindset Practices Scores by Participant
Alex

Karen

Sally

Tara

Before

After

Before

After

Before

After

Before

After

Mindset Belief Mean Score

1.33

1.17

2.17

2.00

1.17

1.17

1.33

1.50

Mathematical Mindset
Practices Mean Score

1.91

1.70

2.13

2.89

1.94

1.89

2.24

2.77

Because the statements on the Mindset Belief Survey (Sun, 2018) were negatively
written, the lower the score, the more of a self-proclaimed mathematical mindset the participant
had, with the lowest possible mean being a score of 1. In contrast, the higher the scores on the
Mathematical Mindset Observation Tool (Anderson et al., 2018), the stronger the evidence that
the participant engaged in mathematical mindset instructional practices, with the highest possible
mean being 3.
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Looking at this data, I noticed that Alex and Sally both had low mindset belief scores
indicating that they claimed a mathematical mindset. However, they also had mathematical
mindset practices scores that were in the middle of the range (Not Observed = 0, Emerging = 1,
Accelerating = 2, and Expanding = 3) indicating that they were Accelerating in their practices
but not yet Expanding (Anderson et al., 2018). So, while they claimed a mathematical mindset,
their practices were not yet in tandem with their beliefs. Research indicates that this disconnect
between belief and practice is relatively common (Garet et al., 2001; Sun, 2019), as teachers give
voice to the importance of growth mindset development in students without actually changing
their instructional practices (Anderson et al., 2018; Guerra & Wubbena, 2017; Sun, 2019).
Further, Garet et al. (2001) posit that the reason for this disconnect may be a result of teachers’
lack of knowledge about how students learn mathematics and how to actually instruct it in a
manner that fosters deep conceptual understanding.
Karen’s mindset belief scores were a little higher than the other participants but were still
relatively low indicating that she held a mathematical mindset belief. Her mathematical mindset
practices scores were Accelerating and her post-PD score was very close to Expanding. Of the
four participants, Tara’s scores on both mindset metrics seemed to be the most in sync. She had
low mindset belief scores and relatively high mathematical mindset practices scores implying
that she both held a mathematical mindset belief and engaged in mathematical mindset
instructional practices.
Focusing on the participants’ scores on the Mathematical Mindset Observation Tool
(Anderson et al., 2018) alone, I noticed that there were changes in the participants’ scores from
the lessons prior to the PD to those after. The scores for Karen and Tara increased over the
course of the study, while the scores for Alex and Sally decreased. To test for statistically
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significant change, I performed a matched-pairs t-test for each participant across the practices.

The results indicated that both Karen (t-score = 5.44, p-value = 0.0004) and Tara (t-score = 3.43,
p-value = 0.002) grew significantly in their mathematical mindset practices, while Alex (t-score
= -1.69, p-value = 0.057) and Sally (t-score = -0.35, p-value = 0.363) did not.
To determine whether or not these results indicated a significant shift in any particular
mathematical mindset practice, I performed a matched-pairs t-test for each practice across all
participants, the results of which are shown in Table 24. According to these statistics, it appears
that the only mathematical mindset practice in which the teachers showed significant
improvement was Mathematical Mindset Practice 2: Teacher provides and facilitates open
mathematics (t-score = 2.721, p-value = 0.010). I will explore the potential reasons for this result
in Chapter 5.
Table 24
Results of t-tests for Each Mathematical Mindset Practice Across Participants
Mathematical Mindset Instructional Practice

t-score

p-value

MMP1: Teacher fosters culture where all students can learn at high levels.

0.204

0.421

MMP2: Teacher provides and facilitates open mathematics.

2.721

0.010

MMP3: Teacher maintains high challenge and cognitive demand.

1.47

0.085

MMP4: Mistakes are seen as valuable, risk-taking is encouraged.

0.856

0.205

MMP5: Teacher maximizes student-student interactions.

1.177

0.132

Metaphor, Mindset and Instruction
Although the review of the mindset and metaphor data began to paint a picture of my
participants’ mathematical mindsets and metaphorical frameworks, it had not yet provided the
answers to research questions 2 and 3. What impact do metaphors have on elementary teacher
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mindsets and instructional practices in mathematics? How will professional development focused
on embracing the metaphor mathematics is art transform elementary teacher mindsets and
impact their instructional practices in mathematics? To identify the connections between the
metaphor and mindset data and plan for a representation of those connections, I organized the
mindset and metaphor data into one table. See Table 25.
Although collecting the participants’ mindset data and metaphor data in one table helped
me see how they might be connected for each participant, a deeper dive into the relationship
between mathematical mindset practices and metaphors for mathematics was necessary. I looked
closely at the language in the Mathematical Mindset Observation Tool (Anderson et al., 2018)
and saw connections with the language used in each of the eight prevalent metaphorical themes
Table 25
Mindset and Metaphor Data for All Participants Before and After PD
Alex

Karen

Sally

Tara

Before

After

Before

After

Before

After

Before

After

Mindset Belief Mean Score

1.33

1.17

2.17

2.00

1.17

1.17

1.33

1.50

Mathematical Mindset Practices Mean Score

1.91

1.70

2.13

2.89

1.94

1.89

2.24

2.77

23.9%

10.1%

16.8%

8.6%

6.1%

10.8%

7.0%

7.4%

Mathematics is a process.

8.3%

17.3%

21.1%

21.9%

11.6%

24.4%

20.6%

28.2%

Mathematics is a product.

16.9%

13.9%

10.8%

11.8%

23.6%

11.4%

19.4%

20.8%

Mathematics is a discovery.

16.2%

25.5%

16.0%

19.3%

12.8%

21.2%

6.8%

13.4%

Mathematics is human.

7.0%

11.1%

3.3%

11.0%

26.9%

8.8%

24.6%

13.4%

Mathematics is a lens.

4.5%

3.4%

5.5%

1.9%

4.3%

2.9%

4.8%

1.3%

Mathematics is work.

2.6%

5.8%

5.1%

11.2%

8.9%

9.1%

2.0%

3.4%

20.7%

5.8%

21.5%

14.4%

5.8%

8.8%

14.8%

12.1%

Mathematics is a destination.

Mathematics is art.
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used by the participants. I recorded the connections between the Mathematical Mindset
Observation Tool (Anderson et al., 2018) and the metaphor themes in my codebook. Table 26
shows how the Emerging, Accelerating and Expanding ratings aligned to the metaphors. Looking
at the table, it was evident that the Expanding rating corresponded exclusively to participation
metaphors with mathematics is a discovery, mathematics is human, and mathematics is art being
most frequently correlated with the Expanding rating. Further, mathematics is art corresponded
with four of the five Mathematical Mindset Practices (Anderson et al., 2018).
Using these relationships, I mapped the participants’ metaphorical frameworks before
and after professional development with their ratings on the Mathematical Mindset Observation
Tool (Anderson et al., 2018). In order to do that I determined a range of scores on the Mindset

93

MATHEMATICS IS ART
Table 26
Relationship between Mindset Observation Tool (Anderson et al., 2018) and In-service Teachers’ Metaphors for Mathematics
Destination

Process

Product

Discovery

Human

Emerging

Expanding

Lens

Work

Art

MMP1:
●
●

●

Mindset Message
Praising Effort
Students’ Mindset

Emerging

MMP2:
●
●
●

Open Tasks
Reasoning and
multiple perspectives
Depth over speed

Emerging

MMP3:
●
●
●

Struggle
Tasks
Questioning

MMP4:
●
●

Sharing Mistakes
Persistence

MMP5:
●
●
●

Groupings
Student Discussions
Teacher Facilitation

Emerging/
Accelerating

Emerging/
Accelerating

Expanding

Expanding

Emerging/
Accelerating

Emerging

Accelerating

Emerging

Expanding

Expanding

Emerging/
Accelerating

Emerging

Emerging

Accelerating/
Expanding

Expanding

Expanding

Expanding

Expanding

Expanding

Expanding
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Observation Tool (Anderson et al., 2018) that I would categorize as Emerging (up to 1.25),
Emerging/Accelerating (1.25 to 1.75), Accelerating (1.75 to 2.25), Accelerating/Expanding (2.25
to 2.75), and Expanding (2.75 or more). I then compared these ratings to the percentages of times
the participants used the metaphorical themes in their lessons. The results are shown in Table 27.
Looking at these mappings, I determined the relationship between the participants’
metaphorical frameworks and their mindsets as exhibited in their instructional practices. Prior to
PD, the acquisition metaphor mathematics is a destination was prevalent in both Alex’s and
Karen’s metaphorical frameworks along with mathematics is a product and mathematics is a
process for Alex and Karen, respectively. After PD, there was a shift and mathematics is a
process became the dominant acquisition metaphor for both of them. The participation
metaphors mathematics is a discovery and mathematics is art were the leading participating
metaphors in Alex’s and Karen’s metaphorical frameworks both before and after PD while the
metaphors mathematics is human and mathematics is work became more prevalent in both of
their metaphorical frameworks after PD. However, Karen seemed to show more growth in her
mathematical mindset practices than Alex.
For Sally, mathematics is a destination, mathematics is a product, mathematics is a
discovery and mathematics is art increased in prevalence after PD but the metaphor mathematics
is human decreased, as did Sally’s mathematical mindset practices. For Tara, mathematics is a
process and mathematics is a product were dominant in her frameworks both before and after
PD, while mathematics is human and mathematics is art were more prevalent prior to PD. After
PD, mathematics is a discovery, mathematics is human, and mathematics is art were more

95

MATHEMATICS IS ART

Table 27
Mapping of Metaphorical Themes and Mindset Ratings Before and After PD
Before

After

Acquisition
Metaphors

Participation
Metaphors

Mindset Rating

Acquisition
Metaphors

Participation
Metaphors

Mindset Rating

Alex

Destination (23.9%)
Process (8.3%)
Product (16.9%)

Discovery (16.2%)
Human (7.0%)
Lens (4.5%)
Work (2.6%)
Art (20.7%)

MMP1 - Accelerating
MMP2 - Emerging/Accelerating
MMP3 - Emerging/Accelerating
MMP4 - Accelerating
MMP5 - Accelerating

Destination (10.1%)
Process (17.3%)
Product (13.9%)

Discovery (25.5%)
Human (11.1%)
Lens (3.4%)
Work (5.8%)
Art (13.0%)

MMP1 - Accelerating
MMP2 - Emerging/Accelerating
MMP3 - Emerging/Accelerating
MMP4 - Accelerating
MMP5 - Emerging/Accelerating

Karen

Destination (16.8%)
Process (21.1%)
Product (10.8%)

Discovery (16.0%)
Human (3.3%)
Lens (5.5%)
Work (5.1%)
Art (21.5%)

MMP1 - Accelerating/Expanding
MMP2 - Accelerating
MMP3 - Accelerating
MMP4 - Accelerating/Expanding
MMP5 - Accelerating

Destination (8.6%)
Process (21.9%)
Product (11.8%)

Discovery (19.3%)
Human (11.0%)
Lens (1.9%)
Work (11.2%)
Art (14.4%)

MMP1 - Expanding
MMP2 - Expanding
MMP3 - Expanding
MMP4 - Expanding
MMP5 - Expanding

Sally

Destination (6.1%)
Process (11.6%)
Product (23.6%)

Discovery (12.8%)
Human (26.9%)
Lens (4.3%)
Work (8.9%)
Art (5.8%)

MMP1 - Accelerating/Expanding
MMP2 - Emerging/Accelerating
MMP3 - Accelerating
MMP4 - Accelerating
MMP5 - Accelerating

Destination (10.8%)
Process (24.4%)
Product (11.4%)

Discovery (21.2%)
Human (8.8%)
Lens (2.9%)
Work (9.1%)
Art (11.4%)

MMP1 - Accelerating
MMP2 - Accelerating
MMP3 - Emerging/Accelerating
MMP4 - Accelerating
MMP5 - Accelerating

Tara

Destination (7.0%)
Process (20.6%)
Product (19.4%)

Discovery (6.8%)
Human (24.6%)
Lens (4.8%)
Work (2.0%)
Art (14.8%)

MMP1 - Accelerating/Expanding
MMP2 - Emerging/Accelerating
MMP3 - Accelerating
MMP5 - Accelerating/Expanding
MMP4 - Accelerating/Expanding

Destination (7.4%)
Process (28.2%)
Product (20.8%)

Discovery (13.4%)
Human (13.4%)
Lens (1.3%)
Work (3.4%)
Art (12.1%)

MMP1 - Expanding
MMP2 - Expanding
MMP3 - Accelerating/Expanding
MMP4 - Accelerating/Expanding
MMP5 - Expanding
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equally distributed in Tara’s metaphorical framework, and she showed growth in all of the
mathematical mindset practices.
These mappings helped me understand the connections between my participants’
mathematical mindsets and their metaphorical framework and inspired ideas for representing
these connections. I was ready to move on to the next phases in Haroutounain’s (2017) artistic
ways of knowing - creative interpretation and dynamic of performance. I combine these phases
in the next section as I present my representations of the data I collected in a manner in which
will help me discuss my answers to my research questions.
Creative Interpretation and Dynamic of Performance/Product
The next two phases in Haroutounian’s (2017) artistic ways of knowing are creative
interpretation and dynamic of behavior and performance/product. Haroutounian (2019)
described the creative interpretation phase as “the process of communicating personal ideas to
others through a particular arts medium” (p. 24) and indicated that it is an iterative process in
which “the expressive reworking of ideas grows into an artistic interpretive process that results in
a unique interpretation” (p. 24). I shared some of the iterative process of my data analysis in the
prior section and will build on that in this section as I work toward presenting my interpretation
of the data in the form of answers to my research questions. Therefore, I am combining this
interpretive phase with the fourth phase of Haroutounian’s (2017) artistic ways of knowing dynamic of behavior and performance/product - as it is during this phase that the artist shares
their interpretation with their audience and invites them to engage in the interpretive process (p.
24).
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Metaphorical Perspectives for Mathematics of In-Service Elementary Teachers
As previously stated, the first question that I sought to answer with this study is: How do
elementary in-service teachers view mathematics through metaphorical perspectives? While my
participants used a variety of metaphors in their instruction of mathematics, I found that those
could be categorized into eight major metaphorical themes - mathematics is a destination, a
process, a product, a discovery, human, a lens, work and art - three of which were acquisition
metaphors and five of which were participation. The acquisition metaphors were used by the
participants about 43% to 49% of the time, while the participation metaphors were used about
51% to 57% of the time. I experimented with a variety of ways to visually represent this finding
and ultimately decided to use the percentages that each participant used each metaphorical theme
as shown in Table 26 to build a metaphorical framework bar. I used cool colors (blues and grays)
for the acquisition metaphors and warm colors (yellows and oranges) for the participation
metaphors, highlighting mathematics is art in green, as it is a focus of this study. I delineated
acquisition and participation metaphors with a bold black line. The participants' metaphorical
framework bars are stacked in Figure 8 to show how they compare to one another.
Looking at the aggregated data across participants and all lessons, the three acquisition
metaphors - mathematics is a destination, a process and a product - were relatively evenly
distributed with them being used about 27%, 36%, and 37% of the time, respectively. Although
there were five participation metaphors, - mathematics is a discovery, human, a lens, work, and
art - it is clear that the metaphors mathematics is a discovery, human, and art were more
pervasive than the other two and those three were relatively evenly distributed with mathematics
is a discovery and mathematics is human being used about 30% and 23% of the time,
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Figure 8
Metaphorical Framework Bars by Participant

respectively, and mathematics is art being used about 29% of the time. I used this combined data
to create a metaphorical framework bar for the study and included a representative quote from
the lesson transcripts for the six dominant metaphors in each of those bars. This bar, as seen in
Figure 9, highlights the relatively even distribution of the three acquisition metaphors and of the
three major participation metaphors.
Summary. The analysis of the metaphor data demonstrates that elementary in-service
teachers use a collection of metaphors to conceptualize mathematics. And, although there were
differences among my participants, there were obvious similarities in both the metaphors that
they used and the prominence of those metaphors in their metaphorical frameworks. The data
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Figure 9
Metaphorical Framework Bar Across Participants

clearly suggest that the four in-service elementary teachers who participated in my study view
mathematics predominantly through the metaphors mathematics is a destination, mathematics is
a process, mathematics is a product, mathematics is a discovery, mathematics is human, and
mathematics is art.
Impact of Metaphors on Teacher Mindsets and Instructional Practices
The second question I sought to answer with this study was: What impact do metaphors
have on elementary teacher mindsets and instructional practices in mathematics? Using the data
presented in Table 27, I discerned that metaphors did indeed impact these teachers’ mindsets and
instructional practices. In this section, I will begin by examining each of the participants
individually and then summarize my findings across all of the participants.
Alex. Prior to PD, Alex’s lessons mostly showed evidence of the acquisition metaphors
mathematics is a destination (23.9%) and mathematics is a product (16.9%) and participation
metaphors mathematics is a discovery (16.2%) and mathematics is art (20.7%). Her selfdescribed mathematical mindset belief score was 1.33 indicating that she held a mathematical
mindset while her scores on the Mathematical Mindset Observation Tool (Anderson et al., 2018)
ranged from 1.64 to 2.17 with a mean of 1.91. Using the ranges that I established for the mean
scores on the tool, this score indicates that Alex was Accelerating in her use of mathematical
mindset instructional practices prior to PD.
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After PD, Alex’s lessons mostly showed evidence of the acquisition metaphors
mathematics is a process (17.3%) and mathematics is a product (13.9%) and participation
metaphors mathematics is discovery (25.5%) and mathematics is art (13.0%). In addition, there
was increased evidence of the participation metaphor mathematics is human (11.1%) after PD.
Her self-described mindset belief score was 1.17 indicating that she continued to hold a
mathematical mindset while scores on the Mathematical Mindset Observation Tool (Anderson et
al., 2018) ranged from 1.44 to 2 with a mean 1.70, implying that she was Emerging/Accelerating
in her use of mathematical mindset instructional practices after PD.
To show the relationship between Alex’s metaphorical frameworks and her mindset
instructional practices both before and after PD, I added a bar above her metaphorical framework
bars. To construct this, I used her mean scores on each of the mathematical mindset practices of
the Mathematical Mindset Observation Tool (Anderson et al., 2018) to calculate their percentage
of the total possible score (15) for that tool. I used those percentages to determine the height of
each portion of the bar and shaded those parts in accordance with the scale I created. The white
bar at the top shows the difference between the sum of Alex’s means on each mathematical
mindset practice and the total possible score she could have earned on the Mathematical Mindset
Observation Tool (Anderson et al., 2018). Figure 10 shows the impact of Alex’s metaphorical
frameworks on her mindset instructional practices both before and after professional
development.
Karen. Unlike Alex, Karen’s pre-PD and post-PD lessons mostly showed evidence of the
acquisition metaphor mathematics is a process with it being used 21.1% of the time prior to PD
and 21.9% of the time after the PD. And while mathematics is a destination was used about
16.8% of the time before PD, it was not used as frequently (8.6%) after PD. It was also evident

101

MATHEMATICS IS ART
Figure 10
Impact of Alex’s Metaphorical Frameworks on Her Mathematical Mindset Practices (MMP)
Before PD

After PD

both before and after PD that the participation metaphors mathematics is a discovery and
mathematics is art were leading metaphors in Karen’s metaphorical frameworks with her using
mathematics is a discovery 16.0% of the time pre-PD and 19.3% of the time post-PD and
mathematics is art 21.5% of the time pre-PD and 14.4% of the time post-PD. Karen’s use of the
participation metaphors mathematics is human and mathematics is work increased after PD with
evidence that they were used 11.0% and 11.2%, respectively.
Prior to the PD, Karen’s self-reported mathematical mindset belief score was 2.17
indicating that she mostly held a mathematical mindset while her scores on the Mathematical
Mindset Observation Tool (Anderson et al., 2018) ranged from 1.89 to 2.39 with a mean of 2.13
indicating that Karen was Accelerating in her use of mathematical mindset instructional practices
prior to PD. After PD, Karen’s self-reported mindset belief score was 2 indicating that she
continued to mostly hold a mathematical mindset while scores on the Mathematical Mindset
Observation Tool (Anderson et al., 2018) ranged from 2.78 to 3 with a mean 2.89, indicating that
she was Expanding in her use of mathematical mindset instructional practices after PD.
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Following the same process I used for Alex, I added a bar above Karen’s metaphorical
frameworks to show the relationship between her metaphorical frameworks and her mindset
instructional practices both before and after PD, which can be seen in Figure 11.
Figure 11
Impact of Karen’s Metaphorical Frameworks on Her Mathematical Mindset Practices (MMP)
Before PD

After PD

Sally. In the lessons that Sally taught prior to PD, there was clear evidence that she used
the acquisition metaphors mathematics is a process (11.6%) and mathematics is a product
(23.6%) and the participation metaphors mathematics is a discovery (12.8%) and mathematics is
human (26.9%). Her self-described mathematical mindset belief score was 1.17 indicating that
she held a mathematical mindset while her scores on the Mathematical Mindset Observation
Tool (Anderson et al., 2018) ranged from 1.5 to 2.28 with a mean of 1.94, indicating that Sally
was Accelerating in her use of mathematical mindset instructional practices prior to PD.
After PD Sally’s lessons predominantly showed evidence of the acquisition metaphor
mathematics is a process (24.4%) and participation metaphors mathematics is discovery (21.2%)
and mathematics is art (11.4%). Her use of the metaphor mathematics is human dropped to
8.8%. Sally’s self-reported mindset belief score of 1.17 showed no change from that prior to PD,
which indicates that she continued to hold a mathematical mindset. However, her scores on the
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Mathematical Mindset Observation Tool (Anderson et al., 2018) showed a slight decrease

overall, ranging from 1.54 to 2.17 with a mean 1.89. This mean score implies that Sally was still
Accelerating in her use of mathematical mindset instructional practices after PD. The influence
of Sally’s metaphorical frameworks on her mindset instructional practices both before and after
professional development can be seen in Figure 12.
Figure 12
Impact of Sally’s Metaphorical Frameworks on Her Mathematical Mindset Practices (MMP)
Before PD

After PD

Tara. The impact of metaphorical frameworks in Tara’s case showed a slight shift in her
use of the acquisition metaphors but a greater shift in her use of the participation metaphors
before and after PD. Both before and after PD, the acquisition metaphors mathematics is a
process and mathematics is a product were used frequently and almost equally, with one
exception. Prior to PD, Tara used mathematics is a process 20.6% of the time and mathematics is
a product 19% of the time, while after PD, she used mathematics is a process and mathematics is
a product 28.2% and 20.8 % of the time, respectively.
Tara’s shift in her use of participation metaphors was quite different. Prior to PD, Tara
mostly used mathematics is human (24.6%) and mathematics is art (14.8%). However, after PD,
most of Tara’s use of participation metaphors was distributed relatively equally between the
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metaphors mathematics is a discovery (13.4%), mathematics is human (13.4%), and mathematics
is art (12.1%).
Before PD, Tara’s self-reported mathematical mindset belief score was 1.33 implying
that she held a mathematical mindset while her scores on the Mathematical Mindset Observation
Tool (Anderson et al., 2018) ranged from 1.67 to 2.77 with a mean of 2.24, which indicates that
she was Accelerating in her use of mathematical mindset instructional practices prior to PD.
After PD, Tara’s self-reported mindset belief score was 1.50 indicating that she continued
to hold a mathematical mindset while scores on the Mathematical Mindset Observation Tool
(Anderson et al., 2018) ranged from 2.5 to 3 with a mean 2.77, suggesting that she was
Expanding in her use of mathematical mindset instructional practices after PD. Figure 13 shows
the influence of Tara’s metaphorical frameworks on her mindset instructional practices both
before and after professional development.
Figure 13
Impact of Tara’s Metaphorical Frameworks on Her Mathematical Mindset Practices (MMP)
Before PD

After PD
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Summary. The analysis and interpretation of the mindset and metaphor data I collected
during this study demonstrate that there is a relationship between metaphorical frameworks
and teacher mindset and instructional practices in mathematics. However, the impact of a
teacher’s metaphorical framework on their instructional practices varies by the teacher. Based on
the data I collected in this study, I cannot claim that increasing the integration of any particular
metaphor into one’s metaphorical framework for mathematics will have a particular impact on
that teacher’s instructional practices. The results do suggest, however, that the inclusion of the
acquisition metaphor mathematics is a process and participation metaphors mathematics is a
discovery, mathematics is human, and mathematics is art may play an important role in teachers’
mathematical mindset practices.
Impact of Professional Development on Teacher Mindsets and Instructional Practices
The third research question that I attempted to answer with this study is: How will
professional development focused on embracing the metaphor mathematics is art transform
elementary teacher mindsets and impact their instructional practices in mathematics? While a
partial answer to this question was revealed in the answer to the second research question, I will
focus on answering this question specifically in this section.
As I stated in a previous section, all of the participants self-reported a mathematical
mindset both before and after PD through the completion of the Sun’s (2018) Mindset Belief
Survey. For all of the participants, the scores on this survey were relatively low, indicating that
they held mathematical mindsets. These scores showed little to no change over the course of the
study, ranging from 1.17 to 2.17 before PD and 1.17 to 2.0 after PD. See Table 20.
The data collected through the participants’ scores on the Mathematical Mindset
Observation Tool (Anderson et al., 2018) provides more detail about the impact of the PD on the
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participants’ mindset as is evidenced in their instructional practices. The results of a matchedpairs t-test for each participant across the mathematical mindset practices indicated that both
Karen (t-score = 5.44, p-value = 0.0004) and Tara (t-score = 3.43, p-value = 0.002) grew
significantly in their mathematical mindset practices, while Alex (t-score = -1.69, p-value =
0.057) and Sally (t-score = -0.35, p-value = 0.363) did not. These findings are visually evident in
Figures 10 through 13 in the previous section. Further, the results of a matched-pairs t-test for
each practice across all participants indicated that the participants showed significant
improvement (t-score = 2.721, p-value = 0.010) in Mathematical Mindset Practice 2: Teacher
provides and facilitates open mathematics (Anderson et al., 2018).
Summary. Based on the analysis discussed above, I can conclude that while PD focused
on embracing mathematics is art had little impact on the participants’ self-reported mindset, it
had a significant impact on Karen’s and Tara’s mathematical mindset practices and all of
participants' practice of providing and facilitating open mathematics (Anderson et al., 2018) with
the mean of their scores increasing from 1.68 to 2.28 and moving them from
Emerging/Accelerating to Accelerating/Expanding. Figure 14 shows the impact of the PD on
mathematical mindset instructional practices across all participants.
Figure 14
Impact of PD on Mathematical Mindset Instructional Practices Across Participants
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Conclusion
In this chapter, I have provided a detailed description of the data collected in this study
and the processes I used to analyze and interpret the data within the framework of
Haroutounian’s (2019) artistic ways of knowing. The final phase in this process is the critiquing
phase in which the artist assesses, examines, and reflects on their work. I will do this in Chapter
5, as I discuss the findings of this study and the implications for future research and practice.

108

MATHEMATICS IS ART
Chapter 5: Findings and Discussion

“The artistic process is not complete without the self-assessment of one’s work as well as
the ability to critique others, showing understanding of the art form. This critique involves
examination beyond performance through perception and reflection to add depth to the artistic
process” (Haroutounian, 2019, p. 26). I will engage in this final phase of the Haroutounian’s
(2019) artistic ways of knowing in this chapter as I critique the data collection and analysis of
this study and reflect on my findings. I will also examine the implications of this research for
future research and practice.
Critiquing: Assessing the Results
The data collected and analyzed in this study generated four particularly compelling
findings, as detailed in Chapter 4. I will briefly review those findings here as a prelude to the
discussion of the limitations and factors that might have contributed to those results. This will be
followed by the implications of these findings on future research and practice. The theories that
have undergirded this research, especially Mezirow’s Transformative Learning Theory (1978)
will support this discussion.
Compelling Finding 1: Combination and Distribution of Prevalent Metaphors
The metaphorical frameworks for mathematics that the elementary in-service teachers in
this study used to conceptualize mathematics were fairly balanced between both acquisition and
participation metaphors with a relatively equal distribution across three acquisition metaphors mathematics is a destination, mathematics is a process, and mathematics is a product - and three
participation metaphors - mathematics is a discovery, mathematics is human, and mathematics is
art. This is apparent in the analysis of the language the participants used in their mathematics
instruction as they used acquisition metaphors about 43% to about 49% and participation
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metaphors about 51% to about 57% of the time. Figure 15 shows their combined metaphorical
framework and includes the percentage of time they used each of the dominant metaphors.
Figure 15
Combined Metaphorical Framework for Mathematics for Participants

Compelling Finding 2: Metaphors that Impact Mathematical Mindset Practices
The metaphors that comprised this study’s in-service elementary teachers' metaphorical
frameworks for mathematics appeared to have had more of an impact on their mathematical
instructional practices than on their self-proclaimed mindsets. Data collected through Sun’s
(2018) Mindset Belief Survey showed that all four participants claimed a mathematical mindset,
with scores ranging from 1.17 to 2.17 before PD and 1.17 to 2.0 after PD, indicating limited
variation in the participants' self-described mathematical mindsets even though their
metaphorical frameworks showed some changes. However, the analysis of their instructional
practices using ratings on Anderson et al.’s (2018) Mathematical Mindset Observational Tool
indicated that their metaphorical frameworks did impact their instructional practices. In fact, for
Karen and Tara, the combination of mathematics is a process as the dominant acquisition
metaphor and a relatively equal distribution of the participation metaphors mathematics is a
discovery, mathematics is human, and mathematics is art seemed to correspond to
Accelerating/Expanding and Expanding ratings on each of the mathematical mindset practices of
the Mathematical Mindset Observation Tool (Anderson et al., 2018) as seen in Figures 11 and
13. For Alex the fact that the metaphors mathematics is a destination and mathematics is a
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product were more dominant acquisition metaphors seemed to correspond to
Emerging/Accelerating and Accelerating ratings as seen in Figure 10. The relationship between
Sally’s metaphorical framework and mathematical practices prior to PD was similar to Alex’s.
However, after PD Sally showed an increase in the use of mathematics is a process acquisition
metaphor and the participation metaphors mathematics is a discovery and mathematics is art but
a marked decrease in the use of the participation metaphor mathematics is human. This change in
her metaphorical framework seemed to result in lower ratings in the Mathematical Mindset
Observation Tool (Anderson et al., 2018) as seen in Figure 12.
Compelling Finding 3: Impact of PD on Mathematical Mindset Practice 2
Professional development focused on embracing the metaphor mathematics is art did
appear to impact in-service elementary teachers instructional practices, particularly Mathematical
Mindset Practice 2: “Teacher Provides and Facilitates Open Mathematics” (Anderson et al.,
2018, p. 6). Three of the four participants saw a positive change in this mathematical practice as
was evidenced by their ratings on the Mathematical Mindset Observation Tool (Anderson et al.,
2018) both before and after PD as shown in Figures 11 through 13. While Alex showed no real
change in her ratings on this practice, she did show a shift in her metaphorical framework to
include the combination of mathematics is a process as the dominant acquisition metaphor and a
move toward a more equal distribution of the participation metaphors mathematics is a
discovery, mathematics is human, and mathematics is art as shown in Figure 10. Because this
combination seemed to correspond to Accelerating/Expanding and Expanding ratings on each of
the mathematical mindset practices of the Mathematical Mindset Observation Tool (Anderson et
al., 2018) for Karen and Tara, it is possible that it would have shown a similar relationship in
Alex’s future lessons.
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Compelling Finding 4: Relationship between Metaphorical Frameworks and Mathematical
Mindset Observation Tool (Anderson et al., 2018)
As discussed in Chapter 4, I mapped the connection between language in the ratings on
the Mathematical Mindset Observation Tool (Anderson et al., 2018) and the eight metaphorical
themes used by the participants, see Table 25. This mapping indicated that mathematics is a
process corresponded to Emerging/Accelerating and Accelerating ratings and mathematics is art,
mathematics is a discovery, and mathematics is human corresponded to Expanding ratings on the
five mathematical mindset practices. Through this mapping and subsequent analysis of the data
collected in this study, there is some indication that metaphorical frameworks that contain
mathematics is a process as the dominant acquisition metaphor in combination with a relatively
equal distribution of the participation metaphors mathematics is art, mathematics is a discovery,
and mathematics is human have the potential to improve mathematical mindset instructional
practices. While these metaphors were a part of all of the participants’ frameworks, this
particular dominance and distribution was only seen in Karen’s and Tara’s metaphorical
frameworks, and they were the two participants who showed the most growth in mathematical
mindset practices.
Limitations
There were several limitations that may have impacted the results of this study. First, this
study was conducted with a small number of participants in a non-diverse setting. All four
participants were white, cisgender, middle-aged women with 10 to 15 years of teaching
experience teaching who, at the time of the study, were teaching in a small rural district with a
predominantly white student body (Future Ready PA Index, 2020). Although the findings of this
study add to the discourse of effective mathematics instruction, the combination of the small
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sample size and mixed-methods nature of the study prevent me from generalizing the findings
(Rossman & Rallis, 2012).
Another limitation of the study was in the analysis process. I was the solo coder for
metaphors, and although I kept a detailed codebook and made multiple passes at the transcripts,
including a pass in which I compared codes across participants, having other researchers code
the transcripts would have provided additional perspectives and potentially increased the
transferability of these results to other settings. In spite of this limitation, the process that I
engaged in for coding gives me confidence that the results are reliable and consistent between
participants, as I not only made multiple coding passes, but I also kept a research journal in
which I made many analytic memos about the coding process and the insights and discoveries it
yielded (Saldaña, 2021) for the solo coder.
Finally, the length of this study as constrained by my own program of study may have
limited the impact of the PD, thus influencing the results of the study. According to Mezirow’s
Transformative Learning Theory (1978), “We change our point of view by trying on another’s
point of view. We are unable to do this with a habit of mind” (Mezirow and Associates, 2000, p.
23). It is possible that these participants were at the beginning of the transformational process
and as such were just “trying on” my point of view about mathematics but had not yet fully
changed their habits of mind. In reviewing the notes in my own research journal, I repeatedly
found evidence that the participants had begun the transformation process. For example, in my
reflections dated June 11, 2021 about the first PD session, I paraphrased a conversation I had had
with Alex about speed in mathematics that indicated that she was experiencing a disorienting
dilemma (Mezirow, 2000).
Alex: So, is speed important?
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Karise: No.
Alex: Then, why do we do that to kids?
I also noted that all of the participants had later engaged in a conversation about the
negative impacts of speed on the learning of mathematics and how we often conflate speed and
fluency when we teach mathematics. This conversation indicated that all of the participants were
experiencing a disorienting dilemma and beginning to examine their assumptions about
mathematics instruction, which Mezirow (2000) describes as part of the transformation process.
In fact, this reflection on assumptions is a critical part of transforming a habit of mind. The
“trying on” of my point of view without the transformation in the participants’ habit of mind may
help explain the disconnect between several of the participants' self-described mathematical
mindset and their use of mathematical mindset practices in their instruction. The brief timeline of
this study did not provide much opportunity for the participants to explore “options for new
roles, relationships, and actions [or to plan] a course of action” (Mezirow and Associates, 2000,
p. 22) which may have resulted in a greater shift in the participants metaphorical framework and
mathematical mindset practices. Further, research indicated that “activities that effectively
support teachers’ professional learning need to be sustained and intensive” (Opfer & Pedder,
2011, p. 384). Although the PD was intensive, it was only sustained over 3 months, which may
not have provided sufficient time for transformation to more fully occur at the time of the
recording of the post-PD lessons.
While these limitations do not undermine the results of this study, they certainly point to
the need for further research and changes in practice. In the next section, I will discuss the
implications of this research beginning with the research that will continue the work of this study
followed by the research that might be born out of this study.
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Implications for Research
The results of this study suggest that the mathematical experiences we facilitate for
students that will lead to their mathematical mindset development might be further affected by
the metaphorical language we use during mathematics instruction. These findings highlight
several areas in which further research is needed, which I will discuss in this section.
Continuing the Work of the Current Study
After reflecting on the compelling findings of this study, I identified three future studies
that might build on and extend from this particular study. One way in which to continue this
research would be to record and score future lessons of the four study participants for both
mindset and metaphor. According to Mezirow (2000), transformations in habits of mind “may
be epochal, a sudden, dramatic, reorienting insight, or incremental, involving a progressive
series of transformations in related points of view that culminate in a transformation in habit of
mind” (Mezirow, p. 21). Analysis of the data collected in this study seems to suggest that the
participants were experiencing more of an incremental transformation. And, as I discuss later,
they continue to show evidence of transformation in their mathematical mindset and instructional
practices, indicating that they are still engaged in the transformation process. Therefore,
continued analysis of metaphor and instructional practices of these participants may reveal more
about the metaphorical frameworks elementary in-service teachers use for mathematics and the
impact of those frameworks on their instructional practices.
Another way to continue this research would be to engage the participants in scoring,
coding, and reflecting on their own lessons. Researchers (Guerra & Nelson, 2009; Mezirow,
2000) indicate that reflection is a critical part of transformation. Enlisting the participants in the
research process through scoring and coding may help them interrogate their own instructional
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practices and afford them the opportunity for subjective reframing in order to bring about a
transformation of these practices to practices that have been shown to generate mathematical
mindsets in students (Anderson et al., 2018; Boaler et al., 2021). Further, analyzing their own
lessons for metaphors would provide the opportunity for them to reflect on the metaphorical
language they use for mathematics and how it might impact their instruction.
Finally, there is a corpus of data that was collected in this study but that has not yet been
analyzed and provides a third area for continued research. As mentioned in the methodology, the
PD sessions conducted as a part of this study were recorded. Analysis of the transcripts of these
sessions might offer a window into why the PD impacted the teachers’ instructional practices in
the ways in which it did. It would also provide understanding about the other metaphors at play
in my instruction of the teachers and identify how they impacted my own instructional practices.
This analysis, in turn, might facilitate the development of a plan for transferring this research to
other participants and settings.
Research Growing Out of the Current Study
In addition to ideas for continuing the work of the current study, I propose four
suggestions for research that could be born out of this study. One area for future research would
be conducting another study with teachers in other grades and schools using the methodology of
this study. Data collected in this study suggested that the metaphorical frameworks for
mathematics that the elementary in-service teachers used to conceptualize mathematics were
fairly balanced between both acquisition and participation metaphors with a relatively equal
distribution across three acquisition metaphors - mathematics is a destination, mathematics is a
process, and mathematics is a product - and three participation metaphors - mathematics is a
discovery, mathematics is human, and mathematics is art. Because the sample size for this study
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was so small, I cannot generalize this finding. Additional research would provide further
evidence about the metaphorical frameworks other elementary in-service teachers use for
mathematics and whether or not they are similar to those identified in this study.
Another area for future research would be to conduct a study with an extended timeline in
which the participants receive both intensive and sustained PD over the course of the study.
Research around effective professional development for teachers indicates that sustained,
intensive PD is most effective in bringing about transformative change in teaching practices
(Arce, Bodner & Hutchinson, 2014; Desimone, 2009; Garet, Porter, Desimone, Birman, & Yoon,
2001; Lischka, Barlow, Willingham, Hartland, & Stephens, 2015; O’Dwyer, 2018; Opfer &
Pedder, 2011; Stewart, 2014). As stated before, the PD in this study was intensive but was only
delivered over a short period of time due to the constraints of my program of study. Conducting a
similar investigation over a longer duration would provide the time needed for the participants to
“[a]cquire knowledge and skills” and “[b]uild competence and self-confidence” (Mezirow &
Associates, 2000, p. 22), two stages that are necessary for true transformational change.
In addition to doing a study as described above, adding interviews to the methodology
has the potential to deepen the reflective process of the participants which might facilitate critical
reflection on the assumptions that are impacting their mathematics instruction. Mezirow (1997)
indicates that critical reflection is necessary for transforming our frames of reference which
ultimately contributes to changes in our practices. Such interviews have the potential to generate
data that will further illuminate the participants' awareness of their own metaphorical
frameworks for mathematics and the impact of those frameworks on their mindsets and
instructional practices which may help eliminate the disconnect between espoused and enacted
mindset beliefs.
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Finally, as mentioned in the section on limitations, this study was conducted in a
relatively non-diverse setting. An important area in which to expand the work of this study
would be to conduct a similar study in a more diverse setting. Research by Martin (2019)
indicated that because mathematics serves as a gatekeeper, it has the power to either perpetuate
or dismantle the race, gender, and class inequities in school. Conducting a similar study in a
more diverse setting would potentially illuminate what metaphorical frameworks for
mathematics are at play in those settings and how they impact mindset and instructional practices
as well as how they facilitate or dismantle inequitable practices.
Implications for Practice
The findings of this study have implications for the teaching practices of elementary inservice classroom teachers as well as the teachers who support them. As I identify as a teacher
who supports the work of elementary in-service classroom teachers, I will begin with a
discussion of the impacts of this study on my practices. Then, I will discuss how this study may
impact the practices of elementary in-service classroom teachers at the study site.
Impact on My Practices
As previously discussed, Mezirow (2000) indicated that transformation often follows
clarification of a variation of 10 phases and ultimately leads to transformation in frames of
reference. It is this metamorphosis in frame of reference that sustains the change. This research
experience has revealed to me that there are three phases in the process my participants seemed
to be engaged in upon the conclusion of the study and in which I can facilitate clarification
through my own practices, namely, “[p]lanning a course of action,” “[a]cquiring knowledge and
skills for implementing one’s plans,” and “[b]uilding competence and self-confidence in new
roles and relationships” (Mezirow & Associates, 2000, p. 22).
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Through the post-PD work that I’ve engaged in with Alex, Sally, and Tara, they have
shared with me that they want to teach mathematics to their students like I taught it to them and
to make their students feel the same positive way about mathematics that I made them feel
through my PD. As I have reflected on our conversations and the transformations in their
mathematical mindset instructional practices as indicated by the data, I have identified two
reasons that the PD sessions guided by the metaphor mathematics is art may have had the most
impact on Mathematical Mindset Practice 2: “Teacher Provides and Facilitates Open
Mathematics” (Anderson et al., 2018, p. 6). This reflection has led to ideas for how I may change
my practice to support their continued transformation.
First, I used open mathematics tasks with my participants during each PD session. These
tasks were “mathematically rich in reasoning opportunities” (Anderson et al., 2018, p. 28), and I
repeatedly invited the participants “to see math in a different, more expansive away” (Anderson
et al., 2018, p. 28). Further, we often spent most of an entire PD session (2 to 3 hours) on one or
two tasks, allowing the participants to explore deeply instead of trying to complete the tasks
quickly. Engaging the participants in these open tasks, may have provided the experience they
needed to re-think the mathematics tasks in which they engaged their students and offered ideas
for how to open those tasks up to provide opportunity for deeper understanding. According to
Lischka et al. (2015), PD experiences that are “focused on worthwhile tasks, and provide
immersion experiences in productive teaching practices can challenge teachers to transform their
practice” (p. 732). In their research, Opfer and Pedder (2011) found that there are a variety of
conditions in which teachers learn most effectively, one of them being “when the pedagogy of
professional development is active and requires teachers to learn in ways that reflect how they
should teach pupils” (p. 385). By modeling how to teach with open mathematics tasks, my PD
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may have facilitated the participants ability to envision how they might engage in this type of
instruction in their own classrooms.
The second way in which the PD may have impacted the participants’ growth in
Mathematical Practice 2 (Anderson et al., 2018), is through the use of the artistic ways of
knowing (Haroutounian, 2018). The first three phases of this process invite the learner to make
observations, reflect on and interpret what they see, and then create. By asking the participants
“What do you notice?” and “How can you represent what you see and understand?”, and inviting
them to “Create a representation that will communicate your understanding.” I gave them
ownership over the work and invited them to “share different ideas, methods, and perspectives”
(Anderson et al., 2018, p. 28), which is all part of facilitating open mathematics.
This reveals to me that the teachers have an idea about how to grow one of their
mathematical mindset instructional practices, but they are not sure how to grow the others. That
is, they are uncertain about what their course of action should be or how to acquire and build the
knowledge, skills, competence and confidence they need to teach mathematics differently. This
is consistent with what the research indicated about the disconnect between beliefs and
instructional practices in that it is born out of teachers’ lack of knowledge about how students
learn mathematics and how to instruct them in a manner that builds their conceptual
understanding (Garet et al., 2001). Teachers need additional PD in which they can increase their
own knowledge about how students learn mathematics and ways in which they can instruct their
students to foster deep learning in order to truly transform their frames of reference for the
teaching and learning of mathematics. I have decided on two courses of action that I plan to take
to promote their transformation, as well as the transformation of other teachers who are
interested in engaging in this process.
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First, I plan to offer professional development sessions in the form of an activity-centered
book club. Through this PD teachers will learn more about mathematical mindset and
instructional practices that facilitate its development in students and engage in mathematical
experiences that they can integrate into their own instruction. We will read and discuss
Mathematical Mindsets: Unleashing Students’ Potential Through Creative Math, Inspiring
Messages, and Innovative Teaching by Jo Boaler (2016) because it provides a means for learning
about mathematical mindset and its development and impact on student learning. We will also
read and engage in activities from the books in the series Mindset Mathematics: Visualizing and
Investigating Big Ideas by Jo Boaler, Jen Munson, and Cathy Williams (2018). Dweck and
Yeager (2019) argue that experiences inform beliefs which then guide motivation and behavior.
This implies that it is critical for teachers to engage in mathematical learning experiences that
develop mathematical mindset if they hope to shift their own beliefs and behavior. Additionally,
Garet et al. (2001) found “some indication that professional development that focuses on specific
mathematics…content and the ways students learn that content is especially helpful” (p. 917).
Thus, by partnering these texts, participants will finish this book club with knowledge, skills, and
pedagogical ideas for how to teach in a manner that helps their students develop mathematical
mindsets.
I will use mathematics is art to guide my planning and facilitation of these PD sessions
and invite participants to reflect on their own metaphors for mathematics and how they may
impact their instructional practices. See Appendix H for a proposed outline of this PD and the
reflective prompts that might be used to promote participant reflection and transformation. While
I initially intend to conduct this PD within my district, I will create it such that I can offer it to
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teachers in other districts who are interested in transforming their mathematical teaching
practices to facilitate mathematical mindset development in their students.
Second, I plan to petition my administration for a change in my job description and
responsibilities. As I have repeatedly stated, research indicated that intensive and sustained PD is
the most effective in bringing about teacher change (Arce, Bodner & Hutchinson, 2014;
Desimone, 2009; Garet, Porter, Desimone, Birman, & Yoon, 2001; Lischka, Barlow,
Willingham, Hartland, & Stephens, 2015; O’Dwyer, 2018; Opfer & Pedder, 2011; Stewart,
2014). One model for ensuring sustained PD is instructional coaching (Knight, 2019). While my
current role as the support teacher for elementary students identified as gifted provides some
opportunity for collaboration, it does not provide sufficient opportunity for coaching. Therefore,
I plan to propose that my administration re-assign at least 50% of my contracted time to
mathematics instructional coaching. Working with classroom teachers as an instructional coach
will facilitate their ability to explore and try new roles in their mathematics instruction with a
partner to support and engage them in reflection on those practices as they work to transform
their frames of reference for mathematics teaching and learning (Mezirow & Associates, 2000).
Through a dialogical approach to PD (Wilkinson et al., 2017), the coaching partnership will also
offer a means of reflecting on the metaphorical language teachers use for mathematics and how
that may impact their mindset and instructional practices.
Impact on Practices of Elementary In-service Classroom Teachers
Earlier in this chapter, I mentioned ways in which the teachers who participated in this
study have been and continue to be transformed. Fullan, as cited in O’Dwyer (2018), reminds us
that PD is “a journey, a process rather than a product, in which the teachers are the agents of
change” (p. 354). The teachers that began this journey with me have expressed interest in
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continuing it to better meet the needs of their students. To that end, we plan to continue our
collaboration for the integration of open mathematics tasks into the mathematics curriculum and
to explore the use of a numeracy continuum to facilitate and document student mathematical
development in an effort to better understand and meet their needs. See Appendix I for an outline
of an action plan that will promote this work.
As these participants continue along this journey and other teachers embark on it, I am
hopeful that their metamorphosis will progress through further dialogue and reflection and that
they will eliminate the disconnect between self-described mathematical mindset and their
instructional practices. I believe that the impact of this study on my participants will ripple out to
colleagues in our buildings and district and promote a real shift in the mathematics instructional
practices of elementary in-service teachers. To aid in its impact, I will work with my participants
and administration to facilitate opportunities for the participants to share their experiences and
collaborate with their colleagues. I also plan to present my findings to the greater mathematics
community through conferences and journals.
Conclusion
For far too long, mathematics education has been “removing the creative process and
leaving only the results of that process” and “virtually guarantee[ing] that no one will have any
real engagement with the subject” (Lockhart, 2009 p. 5). This practice has helped perpetuate the
myth that one is either born a math person or not, which continues to produce inequities both in
and out of the classroom (Boaler, 2019; Chestnut et al., 2018; Martin, 2019). The results of this
study suggest that supporting teacher mathematical identity growth through exploration of their
metaphorical frameworks for mathematics and its impact on mathematical mindset and teaching
practices and including the metaphor mathematics is art in our conceptual frameworks for
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mathematics has the potential to make everyone feel like they belong in the creative world of
mathematics. This, in turn, may shift the mathematics educational landscape.
We are metaphorical in nature (Lakoff & Johnson, 1980) and the metaphors we use for
mathematics are born out of and influence our experiences in its study. So, instead of speaking
about mathematics as simply some product to acquire or work to be done, let’s approach it as
artists and use their language. Mathematics is art.
Figure 16
Mathematics is Art: Researcher’s Research Workbook Spread

Epilogue
It is important to note that after the study concluded, all of the participants interacted with
and sought instructional input from me that indicated that they were still engaged in the
transformation process. Karen requested a copy of the artistic ways of knowing template, found
in Appendix G, that I used with the participants during PD sessions. In observing her post-PD
lessons, it was evident that she was using this process with her students as seen in the following
excerpt from Lesson 5.
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So we are starting with something I want you to observe. So your markers can be closed
right now. Okay, I have two equations up here. One here and one here. I want you to
observe, meaning again, that you're just looking at it. And thinking, what do you notice
about these two equations? Talk to your neighbors? What are some things that you
notice? Go ahead, what do you notice? (p. 2)
Alex, Sally, and Tara also regularly sought me out to discuss ways to improve their
mathematics instruction and decided to focus their own professional goal for the year around
engaging students in open mathematics tasks and employing research workbooks as a means for
student explorations of the mathematics in one of their units. To prepare for this work, I
identified three open mathematics tasks in Mindset Mathematics: Visualizing and Investigating
Big Ideas, Grade 3 (Boaler, Munson, & Williams, 2018) that were aligned to their curricular
unit. We then met three times to discuss the activities and make preparations for engaging
students in these tasks. Alex, Sally, and Tara reported that the students really enjoyed working on
these open tasks and that they felt the tasks advanced the students’ understanding of the
mathematical concepts being taught in the unit. At the time of this writing, we continue to be in
discussion about how to integrate more open tasks into the curriculum next year. These
continued collaborations and conversations with the participants of this study indicate to me that
they are fully in the transformation process, as they are “[p]lanning a course of action,”
“[a]cquiring knowledge and skills for implementing one’s plans,” and “[b]uilding competence
and self-confidence in new roles and relationships” (Mezirow & Associates, 2000, p. 22), which
will lead to the development of mathematical experiences that will grow the mathematical
mindsets of the children in our schools.
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Appendix A. Mathematical Mindset Classroom Observation Tool
Mathematical Mindset Practice 1: Teacher fosters culture where all students can learn at high levels

Emerging
●
Mindset
Message

●

●
Praising Effort

●
Student’s
Mindset

Teacher communicates
higher and lower
expectations to different
students
Teacher communicates
that some are “math
people” and some are not
Teacher does not
acknowledge student effort
or progress in thinking
(may focus only on
answer)
Students communicate
lack of confidence in their
ability to do math, and
those messages go
unchallenged by the
teacher

Accelerating
●

Teacher attempts to
give belief messages
but too broad, too
generic, mechanical,
disconnected

●

Teacher praises
effort at times, but
may focus on
praising individuals
at other times

●

Students convey a
mix of confidence
and doubt in
themselves

Expanding
●

Teacher gives belief
messages in a
meaningful way. “I
know you can do
this”, “I believe in
you”

●

Teacher praises effort,
ideas and specific
strategies

●

Most students
vocalize/show selfbelief and confidence
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Mathematical Mindset Practice 2: Teacher provides and facilitates open mathematics
Emerging

Accelerating

Expanding
●

●
Open Tasks

Tasks are relatively
closed, emphasizing
routine procedures with
little reasoning

●

Tasks are
mathematically rich
in reasoning
opportunities but not
fully mined

●

●
●
●
Reasoning and
multiple
perspectives

Depth over
speed

●

●

All or most of the student
work looks the same
The teacher does not point
out variability in student
thinking

Strong emphasis on
speed, memorization or
performance

●

●

Only one or two
methods are elicited
or explored
The teacher asks for
students to think of
their own ideas but
different ideas are
not shared
Teacher occasionally
emphasizes speed,
memorization or
performance

●
●

●

Tasks are
mathematically rich in
reasoning
opportunities, allowing
for different
approaches.
Students’ creative
work in math is
displayed in the room
Students use ownership
words - “my method”,
“my idea”
Students are invited to
see math in a different,
more expansive way
Students use and share
different ideas,
methods, and
perspectives
In tasks, teacher
emphasizes depth over
speed, memorization or
performance
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Mathematical Mindset Practice 3: Teacher maintains high challenge and cognitive demand
Emerging

Accelerating

Expanding
●
●

●
Struggle

●

Tasks

●
●

●
Questioning

Teacher does the thinking
for students or helps the
students too much when
they are finding work
difficult

Teacher offers no
opportunity to explore the
task
Teacher has low-challenge
or closed questions
Teacher reduces cognitive
demand in interaction with
students or with task

Teacher tells instead of
asking questions to
encourage students to
think deeply

●
●

In development
●

●
●

Teacher scaffolds
tasks into discrete
parts by giving hints
too early

●

Teacher attempts to
question but
structures too much,
or questions are too
leading

●

●

Teacher encourages
and validates when
students struggle
Teachers provide
sufficient wait time
Teacher connects
struggle to brain
growth, synapse-firing
from brain research
Teacher listens closely
to how students
approach the task on
their own before
deciding on forms of
assistance
Tasks are cognitively
challenging through
content
Tasks are cognitively
challenging through
openness of the
problem and
encouragement of
math practices
Teacher asks open,
conceptual questions
celebrating multiple
methods, ways of
seeing, ways of
thinking
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Mathematical Mindset Practice 4: Mistakes are seen as valuable, risk-taking is encouraged
Emerging
●
●
●
Sharing
Mistakes

Teacher emphasizes
complete and correct work
Mistakes are dealt with
negatively
Mistakes are marked on a
paper with no or limited
feedback (if applicable)

Accelerating
●

●
●
●

●
Persistence

Students give up when
they are stuck or wrong

●

Expanding

Teacher ends
eliciting ideas upon
hearing the correct
answer
Students share mostly
correct answers
Students don’t share
when they are unsure
or incorrect
Mistakes are
acknowledged but
not explored by class

●

Students ask teacher
for help, but the
teacher rescues rather
than encouraging
persistence

●

●
●
●

●

Teacher encourages
different approaches;
doesn’t stop with the
correct answer
Students share ideas,
both correct and
incorrect
Teacher celebrates
when learning occurs
from mistakes
Students disagree with
each other’s reasoning
and with the teacher
Students persist when
they are stuck or
wrong
Teachers and students
work together when
they are stuck
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Mathematical Mindset Practice 5: Teacher maximizes student-student interactions
Emerging

Accelerating
●

●
●
Groupings
●

Arrangement of desks does
not allow for collaboration
No group work or
collaboration is available to
students
Working together on class
assignments may be
viewed as cheating

●

●
●
Student
Discussions

●

Students direct questions or
present ideas to teachers,
rather than to peers
Same few students
contribute ideas, teacher
does not actively elicit
ideas from others

●

●
●
Teacher
Facilitation

Teacher dominates
classroom talk, discussion
or IRE (initiate, respond,
evaluate)

student’s [sic] desks
are in groups, but no
collaboration is
observed
Some students
choose to collaborate
but the teacher
doesn’t prompt or
encourage all to do
so.
Some students
present ideas to peers
but only when
prompted by the
teacher
Teacher encourage
[sic] sharing from
different students but
students are
reluctant.
Teacher interacts
with individual
students, rather than
students interacting
with each other,
students contribute
ideas but teachers
finish their sentences,
or insert their ideas

Expanding

●

Students work in
groups to solve
problems, sharing
ideas and visuals

●

Students ask questions
to each other to
understand peer’s
ideas
In class discussions,
peers interact directly
with peers
Students build off of
each other’s ideas

●
●

●

●

Teacher facilitates
student-student
interaction: “Does
anyone want to
respond to X’s idea?”
Students talk with
each other in class
discussion without
going through the
teacher

Note: Mathematical Mindset Observation Tool. From “Achieving Elusive Teacher Change
through Challenging Myths about Learning: A Blended Approach,” by Robin Keturah Anderson,
Jo Boaler, and Jack A. Dieckmann, 2018, Education Sciences, 8(98), p. 28-30. Copyright 2018
by MDPI.
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Appendix B. Mindset Belief Survey Items: 1 (Strongly Disagree) to (Strongly Agree)
● There are limits to how much people can improve their basic math ability. (Rattan et al.,
2012)
● You have a certain amount of math intelligence, and you can’t really do much to change
it. (Rattan et al., 2012)
● In math class there will always be some students who simply won’t “get it.” (Stipek, et
al., 2001)
● Some students have a knack for mathematics and some just don’t. (Stipek et al., 2001)
● Some students are not going to make a lot of progress this year, no matter what I do.
● In my class(es), students who start the year low performing tend to stay relatively low
performing.
Note: Mindset Belief Survey. From “The Role of Mathematics Teaching in Fostering Student
Growth Mindset,” by Kathy Liu Sun, 2018, Journal for Research in Mathematics Education,
49(3), p. 354. Copyright 2018 by National Council of Teachers of Mathematics.
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Appendix C. Professional Development Timeline and Focus
PD Session

Duration

Focus

Workshop 1

2 hours

● Research Workbook Reflective Prompt 1
● Explorations in Patterning and Algebra
● Research Workbook Reflective Prompt 2

Workshop 2

2 hours

● Explorations in Number Theory
● Research Workbook Reflective Prompt 3

Workshop 3

2 hours

● Explorations in Geometry
● Research Workbook Reflective Prompt 3

Workshop 4

2 hours

● Creating Mathematical Representations of the RealWorld
● Research Workbook Reflective Prompt 4

Workshop 5

3 hours

● Teaching mathematics using artistic ways of knowing
(Haroutounian, 2019)
● Research Workbook Reflective Prompt 5

Workshop 6

1 hour

● Research Workbook Reflective Prompt 6
● Discussion
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Appendix D. Plans for Professional Development Session 1

Week 1 (2 hours)
Purpose: The purpose of this PD session is to explore the participants’ existing metaphors for
mathematics and to help them reconnect to humans' natural desire for patterning using picture
patterns.
Materials
● Unifix cubes
● Research workbooks
● Markers

● Grid paper
● Glue sticks
● Tape

Activity 1: Exploring Metaphors for Mathematics
Procedure
Participants will
● create a two-page spread completing and illustrating the following sentence: Mathematics
is...because…
● share their metaphors.
Questions for Discussion
● Has this always been your metaphor for mathematics?
● Can you describe the experiences that have helped shape this metaphor?
● How do you think this metaphor impacts your instructional practices?
● Think of someone you know who feels differently than you do about mathematics. What
do you think their metaphor is and why?
● Would you like to develop a different metaphor for mathematics? If so, what would it be?
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Activity 2: Exploring and Representing Picture Patterns

Procedure
Participants will explore two picture patterns, one at a time, using Haroutounian’s artistic ways
of knowing to understand, describe and represent those patterns through pictures, words, and
numbers.
Artistic Ways of
Knowing

Mathematics

Questions/Prompts for
Discussion

Perceptual Awareness
and Discrimination

● Build pattern using cubes.
● Describe how the pattern is
growing.
● Add on to the pattern.

● How do you see the pattern
growing?

Metaperception

● What do you wonder?

● How could you model the
growth of the pattern?

Creative Interpretation

● Explore different ways to
describe how the pattern is
growing through drawings,
numbers, tables, and words.
● Describe how one might go
about determining the
number of cubes in the
100th figure without
actually building.

● How can you illustrate what
you see?
● Sketch how you visualize the
pattern growing.
● How else can you illustrate
how the pattern is growing?
● What kind of template could
you provide to help someone
else understand the pattern
growth and generate figures in
the pattern?

Dynamic of Behavior
and
Performance/Product

● Identify which
representation best describes
the pattern and share.

Critiquing

● Critique other shared
representations.
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How Do You See the Shapes Growing?
(adapted from Shapes Task in Mathematical Mindsets (Boaler, 2016)
Pattern 1

Pattern 2

Activity 3: Reflection
After completing the patterning activity, participants will reflect on and respond to the following
prompts:
1. Write about your problem-solving process.
2. How did you feel like your metaphor impacted your problem solving?
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Appendix E. Research Workbook Reflective Prompts (RWRP)
RWRP 1

Complete the statement “Mathematics is _____________ because
____________.” Then, provide an illustration to elaborate on and support your
statement (Cassel, 2011).

RWRP 2

Write about your problem solving process. How did your metaphor impact your
problem solving?

RWRP 3

Reflect on the explorations we have completed so far. How have these
experiences influenced your thoughts about mathematics?

RWRP 4

How did your metaphor for mathematics impact your work today? If it didn’t,
was there a different metaphor for mathematics that did?

RWRP5

Reflect on your colleagues teaching demonstrations. How have their teaching
demonstrations influenced your thoughts about mathematics?

RWRP 6

Create a two-page spread completing and illustrating one of the following
sentences:
● If your metaphor for mathematics has changed, complete the statement “I
used to think mathematics was_____________ because ___________.
Now I think mathematics is ________________because ___________.”
Provide an illustration to show how your metaphor for mathematics has
changed.
● If your metaphor for mathematics has not changed, complete the
statement “Mathematics is____________ because.” Provide an
illustration to show how our work this summer has supported/solidified
your metaphor.
● If you now have multiple metaphors for mathematics, complete the
statement “Mathematics is_____________ and ____________
and_____________ because _______________ and ______________
and _____________.” Provide an illustration to elaborate on and support
your statement.
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Appendix F. Metaphor Codebook
Acquisition Metaphor Codes
Theme: Mathematics is a destination.
Metaphor Code

Definition

Example

Beauty

Mathematics is a
combination of qualities that
is universally aesthetic.

I love...I love what I see. I see multiple problems on your...This is not a onestep problem, so I should see lots of things happening on your board. And I
do. (Alex, Lesson 1, p. 5)

look, see, perfect angle, perfect corner,
beautiful, picture

Chore

Mathematics is unenjoyable
and routine tasks that must be
completed.

That might be a little bit easier. Gavin, how did you find it so quickly? Is
there any easier way friends, knowing what you know about arrays? What
would be easier? (Tara, Lesson 2, p. 17)

easier, work, task, job, hard

Mathematics is a collection
of correct answers that you
can get from a teacher.

Yeah, you're gonna do this part of it, but do it on the lines for all of the other
ones. I want to see your work because as we've said before, what is Ms.
Jones unable to do? Read your mind. So if I come over and you have the
wrong perimeter, but I don't see any of your work there. Am I gonna be able
to help you figure out what you did wrong? No, cuz I can't see what you did.
I can't read your mind. So your work has to be there so that I can see exactly
what you were adding. Okay? (Karen, Lesson 2, p. 15-16)

Mathematics is a precise
subject and the goal is to get
the exact correct answer.

Alright, so the other thing I want you to take a look at, is I asked you to take
your ruler out and I want to be as precise as possible. Precise means exact. So
do you think it would make sense to use inches? Half inch. Quarter inch. Or
centimeters, if I want to be precise. Some of you think centimeters. Curt.
Why would I not want to use an inch? Why would I not want to use an inch?
It's too big, right? And when you want to be precise, you want to get as close
as...possible. (Alex, Lesson 2, p. 8)

Correct Answers

Exact

Notes
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Acquisition Metaphor Codes continued
Theme: Mathematics is a process.
Metaphor Code

Definition

Computation

Mathematics is something to
be calculated.

Example

Notes

(Sally, Research Workbook, p. 3)
Map

Mathematics tells us how to
get from one concept to
another.

Network

Mathematics is a system of
interconnected things.

You don't have to go that way anymore. What can you do from here to here?
(Karen, Lesson 1, p. 30)

here, there, start, end, getting closer

(Tara, Research Workbook, p. 1)
Path

Mathematics is a clearly
defined course.

Yeah, keep going until you figure out so you divide them all out. (Sally,
Lesson 5, p. 5)

go ahead, take the next step
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Acquisition Metaphor Codes continued
Theme: Mathematics is a process.
Metaphor Code

Definition

Example

Process

Mathematics is a series of
steps that gets you to an
answer.

So now I'm going to say this number sentence and you're going to complete the
equation. (Sally, Lesson 1, p. 3)

Mathematics is a
competition to be
completed quickly.

You guys are gonna get 10 minutes to do as much of your problem set as you
can. (Sally, Lesson 4, p. 16)

Race

Notes

then, next, you will

Theme: Mathematics is a product.
Metaphor Code

Definition

Formulae

Mathematics is a
collection of rules that
are written with symbols.

Example

(Sally, Research Workbook, p. 8)

Notes
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Acquisition Metaphor Codes continued
Theme: Mathematics is a product.
Metaphor Code

Language

Tool

Definition

Example

Notes

Mathematics is a system
of communication that
can be used to understand
the world.

And if you want to really speak mathematically, you can say because two and
two quarters are equivalent or is equivalent, right? (Tara, Lesson 1, p. 22)

talk about..., defining words, emphasis on
mathematical language, "what do we call
this?", turn and talk, "it says", "talk",
naming things, sentence, emphasis on
words and writing, word, number
sentence, write an equation,
addition/subtraction/multiplication/divisi
on sentence, "math language", "what
could we say?", "read it like a book"

Mathematics is
something you use to
“make” or understand
something.

This is yet another strategy to help us to multiply. We have a fair share. We
have the array. Now we have tape diagrams. (Tara, Lesson 6, p.7)

"if you want to..., you can...", strategy,
use, useful, fit, "help", use something to
"make" something else, "fix",
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Participation Metaphors
Theme: Mathematics is a club.
Metaphor Code
Guy

Definition
Mathematics is a masculine
discipline.

Example

Notes

So we're going to split this guy, and we're going to split this guy. And
we're going to split this guy and this guy, and this guy and this guy,
right? (Sally, Lesson 3, p. 4)

guy

Example

Notes

Theme: Mathematics is a discovery.
Metaphor Code

Definition

Code

Mathematics is a system of
numbers, symbols, words, and
figures that mathematicians use.

...and we see those keywords, "many more." When we see those
keywords, "many more," we're going to assume that we need to do
what? (Sally, Lesson 2, p. 19)

Experiment

Mathematics is something that
we make theories about and then
test in order to learn.

Because now we're going to write down Kai's measurements. He's
our guinea pig. (Sally, Lesson 1, p. 19)

see what happens, try it, analyze it, chance,
test it, guinea pig

Mystery

Mathematics is something that is
difficult to understand but
mathematicians will clue you in.

So if you don't have the same number in both circles, that should be a
clue that something's not right. (Karen, Lesson 4, p. 23)

imagine, pretend, clue, this time, rules,
complicated, what do we know?, detectives,
hint

Pattern

Mathematics is a logical design.

(Sally, Research Workbook, p. 2)

153

MATHEMATICS IS ART
Participation Metaphors continued
Theme: Mathematics is a discovery.
Metaphor Code

Definition

Example

Notes

Puzzle

Mathematics is a collection of
problems designed to test your
ingenuity and knowledge.

Has to have at least two sets of parallel lines.
Alright, hold on. It has to have at least two equal sides. It has to have
one angle less than a right angle and has to be a parallelogram. So
which one do we want to start with? We know it has some two
parallel lines. They have to be equal sides. So let's do two parallel
lines that are equal. Right? Are those our parallel lines? Are they
equal? And it has to have at least two equal sides. So what can we do
to connect those to make this polygon? Okay, so could it just be
straight? (Alex, Lesson 3, p. 16)

figure it out, matches, broke apart and put
back together, does it make sense?, is it
possible?, missing parts, why can/can't I do
this?, solve, it depends,

Secret

Mathematics is something you
have to figure out on your own
and then you will be a
mathematician.

Show me with your fingers, show me with your fingers. But you
know what I'd love for you to do? Don't hold your fingers up high for
everyone to see. Hold your fingers right in front of your chest so only
I can see it. (Alex, Lesson 2, p. 3)

independent, so others can't see

Trick

Mathematics is a trick that
mathematicians use to outwit
others.

I have to tell you that I found this to be a little bit tricky. And I had to
look it up. Some places it seems like they were saying that a
trapezoid can only have one set, and some said two. So I could very
well be wrong. But I do think that it can be both. And maybe I'll have
to ask Mrs. Mace about that. (Alex, Lesson 3, p. 4)

tricky, confusing, victim, fool you
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Participation Metaphors continued
Theme: Mathematics is human.
Metaphor Code

Definition

Community

Mathematics is something we do
with others.

Nature

Mathematics is something
everyone can do. It is natural and
organic.

Example
Now normally, we would stand up and we would find a partner and
we would share our thinking but today, let's just talk about it as a
whole class, I think it's helpful we all hear our thinking. (Alex,
Lesson 4, p. 9)

Notes

talk, share, help out, ask a friend, together,
neighbors, group, team, whole class, friends,
turn and talk, turn and tell, partner

(Tara, Research Workbook, p. 15)
Personal

Mathematics is something that
everyone has a voice in.

If Beth wants to draw and Camden wants to use the chips, that's fine.
That's up to you. (Karen, Lesson 4, p. 2)

choice, any way you want
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Participation Metaphors continued
Theme: Mathematics is a lens.
Metaphor Code

Definition

Example

Notes

Kaleidoscope

Mathematics is a bunch of ideas
and concepts that we can
assemble in a variety of ways to
make something new.

Today, we took all of our knowledge about polygons and parallel
lines, and quadrilaterals and trapezoids and equal sides and angles,
acute and obtuse. We put all that knowledge together so that we were
able to draw polygons based on specific attributes and you did a
really nice job. (Alex, Lesson 3, p. 28)

put together

Window

Mathematics is something we
create to “look” through to “see”
the world in a new way.

It's just a different way of saying it. Ten quarter inches is equivalent
to two half inches. (Sally, Lesson 2, p. 25)

different, depending on how you look at it,
another way

Theme: Mathematics is work.
Metaphor Code
Exercise
Mental
Calculations

Mental Process

Tightrope

Definition

Example

Notes

Mathematics is something you
practice to get stronger.

Alright, we are going to warm up by counting by halves and fourths.
(Tara, Lesson 1, p. 1)

warm-up, one more time, try this again,
practice, work

Mathematics is something
mathematicians engage in
mentally.

Good. So pretty much in your heads...what you guys were doing was
you were doing that division mentally inside your heads. Right,
Zane? (Sally, Lesson 1, p. 2)

in your head

Mathematics is a process that
mathematicians can do in their
minds.

So really quick, take a mental minute and think about what we are,
some similarities to the paper ruler and the wood ruler in inches, and
what are the differences? Don't share yet. Go ahead and just mentally
think. (Sally, Lesson 1, p. 4)

think, mental, in your brain

Mathematics is dangerous, so we
must be careful not to make
mistakes and “fall.”

One thing I want you to notice that when we measure we have to be
really, really careful. (Sally, Lesson 1, p. 6)

double check, brave, careful, tripped you up,
hard lesson, miss things, take your time,
accident, testing, challenge, don't panic
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Participation Metaphors continued
Theme: Mathematics is art.
Metaphor Code

Definition

Example

Notes

Art

Mathematics is something we
observe, interpret, and create
representations of using our
creativity and imagination.

I want you to think about what material you could use... Look around the
room with your eyes. Look around the room with your eyes and think to
yourself, what would I use to model that? (Alex, Lesson 4, p. 6)

draw, gallery walk, model, observe,
notice, what are you thinking, what do
you mean?, play around, try something,
create when connect with observations,
sharing and critique

Creation

Mathematics is something we
make.

This time, I want you to create a quadrilateral but I want it to be a
quadrilateral that is a regular quadrilateral. (Karen, Lesson 3, p. 8)

create, make, be creative, make

Performance

Mathematics is something that
we can present.

Show them what you've come up with. And then we're going to take a
second to share it out. (Alex, Lesson 3, p. 9)

show, hold it up, sing, share
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Appendix G. Artistic Ways of Knowing Template (Haroutonian, 2019)
Artistic Ways of
Knowing

Definition/Description

Questions/Prompts

Perceptual Awareness
and Discrimination

Pay attention and observe
details.

● What do you notice?
● Jot down your observations.
● What is the
object/numbers/picture/graph
trying to tell you?

Metaperception

Reflection on your
observations. Evaluate and
rework your perceptions.
Plan for creating a
representation of your
interpretation.

● What connections or themes
do you notice in your
observations?
● How can you represent what
you see and understand?

Creative Interpretation

Communicate your ideas
through a mathematical
representation.

● Create a representation that
will communicate your
understanding.

Dynamic of Behavior
and
Performance/Product

Share your creation with
others.

● Present/Display/Enact your
creation.

Critiquing

Assess your work and
receive and reflect on the
critical feedback from your
community.

● What changes (if any) would
you make to your
representation so that it more
accurately represents your
interpretation of what you
observed?
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Appendix H. Mathematical Mindset Book Club
Outline for Book Club Meetings
Session

1

2

Length

2 hours

2 hours

Mathematical
Mindsets

Activities

Facilitator

Chapters 1, 2, 3, and 4

1. Norm Setting
2. Defining Mathematical
Mindset Webbing Activity
3. Top 10 List for each chapter
4. Share-Out

Karise

Chapters 5 and 6

1. Silent Webbing on Six
Suggestions to Open Math
Tasks (p. 90).
2. Discussion
3. Round Robin discussion of
Chapter 6

Karise

1. Being Flexible with Numbers
from Grade 3
2. Picking Paintings Apart from
Grade 5
3. Reflection and Debrief

Karise

Discussion

Karise

3

2 hours

4

2 hours

5

2 hours

1. Team 1 Activity
2. Team 2 Activity
3. Reflection and Debrief

Teams 1 & 2

6

2 hours

1. Team 3 Activity
2. Team 4 Activity
3. Reflection and Debrief

Teams 3 & 4

Chapters 7, 8 and 9
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Questions and Prompts by Chapter
Chapter
1: The Brain and
Mathematics Learning
2: The Power of Mistakes and
Struggle

Questions and Prompts
1.
2.
1.
2.
3.

What is a mathematical mindset?
Do you feel like you have a mathematical mindset? Why or why not?
How do you feel when you struggle and/or make mistakes in mathematics?
How might you handle your own mistakes, as well as your students, to
facilitate mathematical mindset development?
What (if anything) keeps you from providing time for struggle? How might
you eliminate that hurdle?

3: The Creativity and Beauty
in Mathematics

1.
2.

Is mathematics created or discovered?
On page 27 of Mathematical Mindsets, Boaler (2016) outlines four stages
of working on mathematics as described by Conrad Wolfram (2010).
Which stages would you like to spend more time on with your students?
Why?

4: Creating Mathematical
Mindsets: The Importance of
Flexibility with Numbers

1.

What kind of mathematical practices do your students currently engage in
that deepens their mathematical understanding?
What kind of mathematical practices could you engage your students in to
deepen their mathematical understanding?
What practices could you eliminate?

2.
3.

5: Rich Mathematical Tasks

1.
2.

On page 57, Boaler (2016) describes the 5 C’s of mathematics engagement.
She also provides 6 cases of different mathematical tasks. Choose one case
and describe how it meets the 5 C’s.
Computation is not listed as one of the 5 C’s. Do you think it should be
added to the list? Why or why not?

6: Mathematics and the Path
to Equity

1.

Boaler (2016) outlines 6 strategies for making the teaching and learning of
mathematics more equitable. Choose one strategy. Explain why you agree
or disagree with that strategy. If you agree with it, explain how you plan to
incorporate it into your mathematics instruction.

7: From Tracking to Growth
Mindset Grouping

1.

Tracking is a hot topic. How do you feel about it? Is it possible to
differentiate without tracking?

8: Assessment for a Growth
Mindset

1.

How can you envision using student self-assessment in your mathematics
classroom?

9: Teaching Mathematics for
Growth Mindset

1.
2.

Is it possible to teach fluency without speed?
What changes do you want to make to your mathematics instruction to
facilitate mathematical mindset development in your students?
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Appendix I. Action Plan: Teaching Mathematics to Heterogeneous Groups of Elementary Students
with Open Mathematics Tasks
Goal: The goal of this action plan is to provide differentiated mathematics instruction to heterogeneous groups of elementary students through
open mathematics to facilitate their mathematical development and growth.
Short-Term
Goals/Objectives
1.

2.

Time Frame

Use numeracy
continuum to facilitate
and document student
mathematical
development.

1.
2.
3.

Integrate open
mathematics tasks into
mathematics curriculum.

1.
2.

Engage, reflect, and
modify open
mathematics tasks to
meet student needs.

1.
2.
3.

3.
4.
5.

3.

Spring 2022
Summer 2022
Fall 2022Spring 2023

Summer 2022
Summer
2022-Spring
2023
Summer 2022
Summer 2022
Fall 2022 Spring 2023

Summer 2022 Spring 2023

Responsible
Party

Action Steps & Activities

1.
2.
3.
4.
5.
1.
2.
3.

Identify numeracy continuum to be used.
Explore how the numeracy continuum will be used,
including frequency of assessment of student
development.
Use numeracy continuum to periodically assess students’
mathematical development.

1.
2.

Review curriculum and resources and identify big ideas.
Develop/Find open mathematics tasks focused on big
ideas.
Develop scope and sequence for incorporating open
mathematics tasks.
Develop instructional plan for engaging students in open
mathematics tasks.
Engage students in open mathematics tasks and assess
their learning.

Team Leader and
Classroom
Teachers

Engage in open mathematics tasks to use with students
prior to using them.
Reflect on student response to and engagement with
tasks.
Modify future tasks based on teacher engagement and
reflection.

Team Leader &
Classroom
Teachers

3.

Team Leader
Team Leader
& Classroom
Teachers
Classroom
Teachers

Accountability Measure
1.
2.
3.
1.
2.
3.
4.
5.

Supported by research and
approved by administration.
Product to be used for
documentation
Populated document
Big ideas documented in
official curriculum document
Google drive folder with
collection of tasks
Task alignment in official
curriculum document
Outline of instructional plan
Student research workbooks

Monthly collaboration meetings

