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Abstract. This paper reviews research showing the importance of changing students’ mindsets and
mathematical beliefs, and the promising research that has shown the impact of infusing mindset
ideas through the teaching of mathematics. Previous research has demonstrated increased
motivation and brain activity in learners with a growth mindset when facing mathematics problems.
This paper proposes a shift in focusing solely on positive mindset messages towards the
reorganization of learning environments and teaching approaches, to what we call a Mathematical
Mindset approach. It also presents the outcomes of a summer camp that was designed with a
mathematical mindset approach and taught in 10 US districts and four countries.
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Resumo. Este artigo faz uma revisdo da investigacdo que evidencia a importancia de mudar a
mentalidade e as crencas matematicas dos alunos, incluindo a investigacdo promissora que tem
mostrado o impacto da infusdo de questdes de mentalidade no decurso do ensino da matematica.
Estudos anteriores demonstraram um aumento da motivagao e da atividade cerebral em alunos com
uma mentalidade construtiva (growth mindset) quando estes enfrentam problemas matematicos.

Este artigo propoe que o foco seja alterado das simples mensagens de mentalidade positiva com vista
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a reorganizacdo dos ambientes de aprendizagem e as abordagens de ensino, para o que chamamos
de uma abordagem de mentalidade matematica. Apresenta também os resultados de um acampa-
mento de verdo que foi concebido com uma abordagem de mentalidade matematica e implementado
em 10 distritos dos EUA e em quatro outros paises.

Palavras-chave: matematica; mentalidades; neurociéncias; acampamento; ansiedade matematica.

Introduction

Mathematics achievement is important for young people; it contributes to a pathway that
leads students away from poverty and towards greater prosperity and health (OECD, 2019).
But most countries report that mathematics achievement is low and negative feelings about
math are widespread (Hecht etal,, 2023). Mathematics education scholars have contributed
a great deal towards understanding the source of students’ negative feelings about
mathematics and set out an approach to learning that is enjoyable and impactful (Driscoll,
1999; Blum, 2011; Schoenfeld & Sloane, 2016; Gutierrez, 2000; Boaler, 2022), but systems
are slow and difficult to change, and the approach that has resulted in widespread
disaffection — procedural teaching with frequent tests — continues to be widespread. In
addition to the prevalence of procedural teaching, change is often restricted due to
educators’ lack of attention to students’ feelings about mathematics and themselves (Cheng,
2022; Suri, 2023). Many people believe that student cognition and learning is unrelated to
their beliefs and feelings, and that these exist in different parts of the mind and brain. But
recent research is showing the inter-relations between ideas and knowledge, and the
importance of paying attention to the ways young people think about mathematics and their
own potential to learn (Chen et al.,, 2018). This paper will review some of this important
research and unpack the complex relations between mathematical beliefs, mindset,

achievement, and teaching.

Math anxiety

It has been known for some time that students with positive attitudes towards their
learning, achieve at higher levels (Aiken & Dreger, 1961; Aiken, 1976). Positive attitudes
reduce anxiety towards learning, enhance motivation, and boost students’ persistence
(Pajares & Miller, 1994; Singh et al., 2002). But sadly, negative feelings about mathematics
are commonplace - across the achievement spectrum. For some individuals, negative
feelings reach the level of what has been termed “math anxiety” - a debilitating condition
that often starts at a young age (Ramirez et al., 2018) and snowballs as people go through

their lives. Math anxiety is characterized by an intense emotional response that arises in
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math-related situations, leading to avoidance behaviours, reduced confidence, and
ultimately, a decline in math performance (Suarez-Pellicioni, et al., 2016).

The impact of math anxiety is significant, with research suggesting that it can lead to a
decrease in performance equivalent to almost a year of schooling (Suarez-Pellicioni, et al.,
2016). This decline in performance is not limited to the classroom; high math-anxious
individuals tend to perform worse on math tests, particularly when faced with complex
problems that require higher-order thinking and problem-solving skills (Suarez-Pellicioni,
et al, 2016). Math anxiety can also negatively impact professional development,
employment, and salary prospects. The fear and avoidance of math-related tasks can limit
career choices, particularly in fields that require a strong foundation in mathematics. This
can lead to a cycle where math-anxious individuals avoid careers in math-intensive fields,
further perpetuating the stereotype that math is difficult and inaccessible (Suarez-et al.,
2016). Scientists have even found that when people with math anxiety are given math
questions, the same fear centre lights up in their brains as the fear centre that lights up when
we see snakes and spiders. As the fear centre of the brain becomes activated, activity in the
problem-solving centres of the brain is diminished (Young, et al.,, 2012).

While math anxiety has been studied considerably, new evidence has moved the field by
examining the neurological basis of mathematics beliefs, more generally. Chen et al. (2018)
found that students’ attitudes towards math - whether they liked or disliked it, correlated
with their math achievement, (but not their reading achievement) even after controlling for
IQ scores, age, working memory, and math anxiety. Significantly, the researchers also found
that positive attitudes were related to activity in the hippocampus - activating the right and
left hippocampus regions. This is important because many people - in and outside the
scientific world - believe that people’s attitudes are unrelated to their mathematical
cognition, and that they exist in a different part of the brain. But the hippocampus is one of
the most mathematical regions of the brain, it plays a vital role in learning, and in spatial
navigation (Beilock, 2015). Chen et al. (2018) found that what people believe about mathe-
matics changes the functioning of their hippocampus, underscoring the importance of
cultivating positive beliefs and avoiding practices and messages that lead to mathematics

dislike and mathematics anxiety.

Research from Neuroscience

A promising area of research for developing positive ideas about mathematics, comes from
research on the brain and learning. A cycle that leads to mathematics anxiety and dislike
comes from students struggling with mathematics, and believing, or being told, that they do
not have a “math brain”. This often causes students to give up and to question their potential
not only as mathematics learners but as people. This makes the research on brain plasticity

particularly important to share with learners. Neuroscientists have now shown that the
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widespread idea that mathematics achievement requires innate talent is a myth, with
evidence that all brains have the potential to grow, develop and change (Merzenich, 2013;
Doidge, 2007). The brain's receptiveness to change is influenced by factors such as
attention, motivation, and engagement. When individuals are alert, focused, and motivated,
the brain releases chemicals that facilitate plasticity and enable learning. Brain plasticity
occurs through the strengthening of connections between neurons that are simultaneously
engaged in specific activities (Merzenich, 2013).

As further evidence for the malleability of the brain, teaching interventions have been
shown to induce neuroplasticity, leading to a boost in learner outcomes. Iuculano and
colleagues (2015) gave 9-year-old students with moderate to severe learning disabilities
(MLD) in mathematics a treatment of 8 weeks of one-to-one cognitive tutoring. The tutoring
sessions consisted of games and activities that reinforced number knowledge, number
strategies and systematic knowledge of number families. At the end of the 8-week
intervention the students who had recorded learning disabilities achieved at the same levels
as the students without learning disabilities and had the same brain functioning. Pre and
post functional magnetic resonance imaging (fMRIs) showed brain activation patterns that
were indistinguishable from traditional developing students. Pre and post measures of
number fluency also showed no gap between students with disabilities and students
without this diagnosis.

In addition to neuroscience, personal accounts of people are important in dispelling the
myth of fixed brains. Letchford’s (2018) record is one example, as she describes her parental
journey with her own son who was diagnosed with significant special educational needs but

went on to earn a doctorate in applied mathematics from Oxford University.

Mindset research

One of the most significant areas of research that has shown the importance of changing
students’ ideas about their own potential comes from research on mindset, pioneered by
Stanford psychologist, Carol Dweck. Decades of research have shown that students vary in
their beliefs about their own potential, having what she has termed “fixed” or “growth”
mindsets. Individuals with a fixed mindset believe that their intelligence, talents, and
abilities are fixed, unchangeable traits. People with a fixed mindset often focus on
documenting their intelligence instead of developing it. In contrast, individuals with a
growth mindset believe that their abilities can be developed through dedication and hard
work. They view intelligence as a potential that can be realized through effort and learning.
These people tend to embrace challenges, persist through setbacks, see effort as a path to
mastery, learn from criticism, and find lessons and inspiration in the success of others
(Dweck, 2006).
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Dweck’s research has shown that students with a growth mindset tend to achieve more
than those with a fixed mindset because they worry less about looking smart and put more
energy into learning. When students are helped to develop a growth mindset, they often
show a boost in their grades and achievement levels (Blackwell et al., 2007). Dweck and
colleagues have developed mindset interventions to help students develop a growth
mindset - sharing information on brain growth, separated from any specific content
messages. These interventions, that teach students that the brain is like a muscle that gets
stronger with use, have shown positive results in improving students' motivation (Yeager
etal., 2019).

Yeager et al. (2019) conducted a landmark study in the US with a national representative
sample of 9th grade students with prior low achievement. The intervention was delivered
completely online, lasting about an hour in total. Students in the same schools were
randomly assigned to treatment and control groups, adding weight to their causal inferen-
ces. The results were overwhelmingly positive and showed that treatment students shifted
to a growth mindset as measured by surveys, increased their overall GPA (Grade Point
Average), including math and science courses, and took more advanced math courses in
their following year of school. The study showed that a mindset intervention changed 9t
grade students’ academic mindsets and learning trajectories. A follow-up analysis showed
that schools with classroom practices and norms that were aligned to a growth mindset
tended to have more sustained outcomes such as increased math course-taking. This is
important as it points to the need to build mindset ideas into classroom approaches, as later

sections of this paper will share.

Mindset and stereotypes

One of the most promising applications of mindset research is in countering negative
stereotypes about who can achieve highly in mathematics. Steele (2011) developed the idea
of stereotype threat, referring to the experience of anxiety or concern that develops when a
person is worried about confirming a negative stereotype about their social group - such as
the stereotype that males are better at math. The negative impact of the idea that success in
mathematics requires innate brilliance is compounded by stereotypical ideas of who has
brilliance, frequently attributed to males and to white and Asian people. Cimpian and Leslie
(2017) conducted groundbreaking research showing that the more professors in different
academic fields believe in the idea of a gift, the lower is the participation of women and
people of colour in their field (Cimpian & Leslie, 2017). Mathematics is one of the fields with
the highest numbers of professors believing that students need an innate gift to succeed
(Cimpian & Leslie, 2017; Chestnut et al., 2018).

In a study of nearly 600 students with a median age of 11 years, Bagés and colleagues

(2016) studied the effects of providing booklets about different role models to students
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before giving them a difficult math test. With random assignment to treatment groups,
students received booklets that a) explained how the role model worked hard to achieve a
high math score (growth mindset), b) explained how the student was naturally good at the
subject (fixed mindset), or c) did not provide any explanation. The role models in the
booklets were of males and females. Results showed that girls scored as highly as boys when
given role models that gave growth mindset messages, regardless of the gender of the role
model. The girls performed lower than the boys when given role models that signalled an
explanation of giftedness (fixed mindset) or when no explanation was given. The authors
propose that giving girls messages of the malleability of intelligence may counter stereo-
typical ideas they have been given and make mathematics achievement more equitable.

Research by O’'Rourke and colleagues (2014) demonstrated that educational games can
also incorporate mindset interventions. By adjusting incentive structures to promote
growth mindset ideas, educational games can foster the belief that intelligence is malleable.
The researchers followed 15,000 elementary students, observing that the group receiving
such incentive modifications, particularly the low-performing students, persisted longer in
the game, employed a wider range of strategies, and maintained engagement despite
challenges.

Mindset ideas are not only important for learning; researchers have shown that the core
belief - that change is possible - impacts people’s fitness and health (Zahrt & Crum, 2020),
and can help students dial back on aggression (Yeager et al., 2013).

Despite the range of positive evidence supporting the importance of changing students’
mindsets, and countering stereotypes, some researchers have found it challenging to repli-
cate the effects of mindset interventions (Brez et al., 2020; Rienzo et al,, 2015). Notably, for
this paper and for the field, researchers find no or little impact when giving mindset
interventions, when they only attempt to change students’ ideas without changing the
teaching practices that students are experiencing. Such interventions have led other
scholars to critique the idea of mindset (Kohn, 2015), claiming that it places the res-
ponsibility for change upon students, rather than their teaching environments or broader

systems in which they learn and work.

Mindsets and teaching

Fortunately, the field of mindset research is now expanding to include interventions that
aim to create teaching environments that infuse mindset ideas through practices, rather
than share isolated growth mindset ideas that are often contradicted by fixed teaching
practices.

Dweck and Yeager (2019) describe the newest frontiers of mindset research as studies
that consider the building of growth mindset cultures. In their work with teachers, they

found that teachers who professed to hold a growth mindset often enacted practices that
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countered those messages unintentionally. This has been coined as a false growth mindset
(Dweck, 2015; Gross-Loh, 2016). One version of false mindset practices is when teachers
tell students that they can learn and they should try harder, but present mathematics
questions that are short, procedural, and closed. When students do not see a way to learn
and grow, mindset messages fall flat. Boaler and colleagues have defined a Mathematical
Mindset approach as one that supports growth mindset ideas by providing more open tasks
that allow students to see their learning and growth, along with assessment systems that
give feedback to students and opportunities to revise their work (Boaler, 2022).

Daly, Bourgaize, and Vernitski (2019) studied the impact of a mathematical mindset
approach on students learning mathematics in college. Researchers in mathematics,
psychology and neuroscience investigated the difference for students when working on
narrow or more open mathematics tasks, studying students’ brains using electroencepha-
logram’s (EEGs), looking for stimulation of the brain areas that are associated with
motivation. This interdisciplinary collaboration found that students who were given
standard math problems in tests reported less interest in continuing the test as they
answered more questions. By contrast, the students answering the more open mathematical
problems became more motivated as they worked. Additionally, the EEG testing found
stronger patterns of activity associated with motivation and engagement — shifting activity
to the left side of the prefrontal cortex — in the brains of students who were working through
more open mathematical problems. In prior studies, this pattern of “motivation-related”
brain activity had been shown to decline as students worked through challenging problems,
but it increased when students worked on mathematics problems that were more open
ended. The researchers concluded that questions that encourage multiple ways of solving
them, with visuals, create positive learning experiences for students.

Boaler and colleagues (2018) studied the impact of a Mathematical Mindset intervention
delivered online, as a six session, student online course. The study was a randomized
controlled experiment involving middle school teachers who taught two classes. One of the
classes for each teacher - the experimental condition - were given the online class at the
start of the school year. Both sets of students were then taught by the same teachers. During
the online class students were taught mindset ideas and they were introduced to
mathematics as an open, visual subject. The students who took the online class at the start
of the school year, achieved significantly higher scores on state tests at the end of the year,
and were 68% more engaged in their mathematics classes during the year.

In a separate experimental study of a Mathematical Mindset approach, 5t grade teachers
were given professional development that introduced them to open, rich tasks and mindset
ideas. The professional development was a “blended” approach of an online class as well as
in person training from county office staff. Observations were conducted in the teachers’

classrooms, with instructional coaches trained to look for mindset teaching practices
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defined in a Math Mindset Teaching Guide. The Guide identifies 15 teaching practices across
5 focal areas, with each practice featuring 3 levels of implementation: beginning, develo-
ping, and expanding. Professional development allowed teachers to progress along this
scale, cultivating a growth mindset and implementing growth mindset teaching strategies
in mathematics. The study showed significant positive changes in student beliefs, teacher’s
instructional practices, and student scores on standardized state mathematics tests. The
mathematical mindset approach was particularly beneficial for girls, English learners, and
economically disadvantaged students.

Hecht and colleagues (2023) conducted a synthesis of mindset studies directed at
students, including interventions that focused on the mindset culture of classrooms,
including teacher instructional practices. For example, teachers who hold a growth mindset
tend to allow students to revise and submit their work. In their work, they provide several
powerful case studies to show examples of growth mindset teaching practices, and details
of teachers adopting these practices, and evidence of the ways these practices can be
sustained over time. At a global level, the authors point out that while growth mindsets are
associated with positive learning outcomes in 72 of 74 counties, there is still much to be
learned about how growth mindset practices are enacted and differ across the globe.

Boyd and Ash (2018) add more texture to the field’s understanding of changing teacher
practice and beliefs toward a growth mindset approach in mathematics. They studied 7
early grade teacher-researchers who worked across 2 years to implement the Singapore
math curriculum in England. Starting lessons with exploratory anchor tasks, teachers expe-
rimented and reflected together on affordances and barriers. Two major shifts were found:
project teachers came to see mathematics as a creative and collaborative endeavour, and
teachers moved away from the common practice of in-class grouping by ability as they came
to see the benefits of heterogeneous classrooms. Despite these important shifts, the
researchers noted the persistence of labelling students as “low” and of the teachers
worrying that school auditors would expect them to be preparing students for high stakes
assessments.

Wang and colleagues (2019) found that the infusion of growth mindset messages
through an intervention on fractions significantly improved student performance. Their
study implemented a structured 13-week intervention focusing on fraction magnitudes
with two groups of low-performing 3rd grade students. The first group received the
intervention program alone, while the second received the same intervention comple-
mented with growth mindset, goal setting, and self-regulation support. This resulted in
considerable learning increases among the students who received the intervention with

mindset messages.
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Bonne and Johnston (2016) studied 7-9-year-olds in four New Zealand primary schools,
two of which formed an intervention group (n = 41) and the remaining two, the com-
parison group (n = 50). In the intervention group teaching practices were consistent with
growth mindset principles (giving students feedback, providing encouragement, and
helping students learn from errors). These resulted in significant gains in growth mindset

beliefs, self-efficacy, and mathematics achievement.

Designing teaching with a Mathematical Mindset approach

Several studies reviewed have shown the potential of mindset interventions, particularly
when mindset ideas are infused through teaching. In the final case of mindset change that
we review, researchers planned a four-week teaching approach that was built with mindset
principles and taught by the authors. The approach was given as a mathematical mindset
summer camp and was piloted at Stanford University in 2015 (Boaler, 2019). The 18-day
intervention targeted 83 middle school students from a low-resourced local school district,
who reported negative perceptions of their math learning abilities. After four weeks of
mathematics lessons that shared mindset ideas but also enacted mindset teaching practices
- such as the use of open tasks, celebration of struggle and mistakes, and the provision of
feedback that students could use to improve their learning - the students significantly
improved their achievement on state tests, a change that was equivalent to 2.8 years of
schooling.

Following the successful pilot, the summer camp was offered to students in ten US school
districts. In 2021, multiple camps across the US replicated the mindset-math summer camps
using the same curriculum, teaching strategies, and growth mindset messages. The study of
the impact of the camps included 536 students enrolled in grades 5-7. A mixed-method
approach with a matched comparison group showed that students attending the camps
developed more growth mindset beliefs, scored higher on pre/post math assessments, and
achieved significantly higher math GPA’s in the following semester (Boaler et al,, 2021).
Notably, teachers who taught in the camps also incorporated more growth mindset teaching
practices when they returned to their teaching in their regular academic school year (Leshin
et al,, in press). The mindset camps have now been taught in the US, Scotland, Italy and
Brazil, and the details of the camps, including the tasks used, are shared in English and
Portuguese on youcubed.org.

The Math Mindset summer camp is an intervention designed to engage students in
mathematics that is open, visual, and creative, while fostering a growth mindset. During the
camp, students view and discuss short videos to learn about growth mindset and
neuroplasticity, and these messages are reinforced throughout the camp. Students

participate in math routines such as “number talks and dot talks” to experience the range of

approaches and perspectives even with math problems that have a single solution. The
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majority of the time is spent on “low floor, high ceiling” tasks, developed at youcubed. Such
tasks are accessible to everyone (low floor) but extend to high levels (high ceiling), allowing
for a range of approaches from intuitive and informal to more formal mathematical
approaches. The tasks selected for the camp focused especially on developing number
sense, as well as algebraic reasoning and generalization, through the exploration of mathe-
matical patterns. Two sample tasks are provided. In Figure 1, the Squares to Stairs task asks
students to think on their own about how they see the shape growing. After students have
an opportunity to draw and describe how they see the shape changing they are ready to
engage in group work and further study. Figure 2 shows a task called Number Visuals,
where students colour-code collections of circles as they look for patterns, leading to

explorations in types of numbers, including even, odd, composite, and prime numbers.

L] | | l

Figure 1 Figure 2 Figure 3 Figure 4

Task Instructions

1. How do you see the pattern growing?

2. How many squares are in figure 10? Explain how you know.

3. How many squares are in figure 552 Explain how you know..

4. Can you use 190 squares to make a stair-like structure? Mathematically justify your answer.,
5. How can you figure out how many total squares are in any figure?

6. If you have 1,478 squares, can you make a stair-like structure using all of the squares?

Figure 1. Squares to Stairs Task

Students work collaboratively on the tasks, sharing and comparing strategies, represen-
ting their ideas in small groups and in whole class discussions. The cumulative effect of
students experiencing mathematics in this way leads to a deeper engagement with mathe-
matics, a positive mathematical identity, and an increase in mathematical performance
(Boaler, 2019; Boaler et al., 2021).

Different studies, that have been reviewed, show the impact of mindset interventions in
changing students’ beliefs and increasing their achievement. More recent and promising

research suggests that impacts are magnified and sustained when mindset messages are
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consistent with teaching practices that emphasize growth and learning, through tasks and

assessment practices used.
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Write the number by each visual. Look for patterns!

Figure 2. Number Visuals Task

Conclusion

Mathematics achievement nationwide is low, and the global covid pandemic served to
reduce mathematics achievement even more (Suri, 2023). This phenomenon has many
sources, including ineffective teaching methods that emphasize procedures over concepts
and ideas. What this paper has aimed to show, is that what you believe about yourself and
what you believe about mathematics matters. So much funding and attention in education
is given to changing students’ knowledge and understanding when huge boosts in
achievement (and more) come about when students’ attitudes and ideas about their own
potential change.

Despite the potential of mindset research and practice, there are barriers to the take up
and spread of mindset interventions and teaching approaches. One barrier comes from
researchers and others claiming that mindset ideas have little impact, dissuading others to

take them up. What this paper has hoped to show is that while isolated mindset ideas may
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have little or short impact when they are contradicted by teaching practices (Rienzo et al,,
2015), mindset ideas that are infused through mathematics teaching are highly impactful.

Another goal of this paper was to share the latest neuroscience showing that students’
beliefs about mathematics are intricately connected to the cognitive areas of their brains.
This evidence alone should halt the use of anxiety inducing practices in mathematics
teaching and learning and encourage an approach that infuses mindset and positivity into
the content.

There have been many initiatives and interventions focused upon changing mindset
ideas. There have also been many initiatives to teach mathematics as a multidimensional
subject of investigations and connections. New research is suggesting that when these two
initiatives come together, and mathematics is taught in a broad and multidimensional way,
with mindset messages, the impact of both approaches is amplified. This happens because
there is a synergy between a mathematics approach that is conceptual and open, and the
idea that students can learn and grow. Just as there is a synergy between assessment
practices that encourage feedback and revision and the idea that learning is about impro-
vement over time. As we move forward with initiatives to improve students’ experiences of
mathematics, arguably one of the most important proposals for current times, it seems wise
to investigate more fully the connections between mindset ideas and the ways students

encounter mathematics in classrooms and in their lives.
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