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This study reports on the impact of a “massive, open, online course” (MOOC) designed
to change students’ ideas about mathematics and their own potential and improve their
mathematics achievement. Many students hold damaging fixed mindsets, believing that
their intelligence is unchangeable. When students shift to a growth mindset (believing
that their intelligence is malleable), their achievement increases. This study of a MOOC
intervention differs from previous mindset research in three ways (1) the intervention was
delivered through a free online course with the advantage of being scalable nationwide
(2) the intervention infused mindset messages into mathematics, specifically targeting
students’ beliefs about mathematics (3) the research was conducted with a teacher
randomized controlled design to estimate its effects. Results show that the treatment
group who took the MOOC reported more positive beliefs about math, engaged more
deeply in math in class, and achieved at significantly higher levels on standardized
mathematics assessments.
Keywords: growth mindset, mathematical mindset, MOOC, math achievement, student beliefs, student
engagement, randomized control trial

INTRODUCTION
There are a number of damaging and pervasive myths about mathematics learning in the US that
are believed by millions of school children, their parents and their teachers. These different myths
hold students back on a daily basis and reduce their learning and achievement significantly (Boaler,
2016). One of the most damaging is the idea that some people are born with a “math brain” and
some are not, and that high achievement is only available to some students. Two areas of research
are important in challenging this myth, and improving student learning. First, recent neuroscience
showing the plasticity of the brain, revealing that brains can grow and change (Maguire et al., 2000).
Second, research on mindset showing that when people change their ideas about the malleability of
their potential, from “fixed” (my ability is not changeable) to “growth” (my ability changes as I learn)
their learning and achievement improves (Dweck, 2006). Different studies, pioneered by Carol
Dweck, have shown that students with a growth mindset achieve at higher levels than those with a
fixed mindset (Blackwell et al., 2007; Claro et al., 2016) and that when students change their mindset
their achievement changes (Aronson et al., 2002; Good et al., 2003). A second damaging myth is
the idea that mathematics learning is all about procedures and memorization, rather than ideas,
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were admitted. This study was carried out in accordance with the
recommendations of Stanford University Research Compliance
Office. The protocol was approved by the Stanford Graduate
School of Education Institutional Review Board. All subjects gave
written informed consent in accordance with the Declaration of
Helsinki. Our analysis shows results from four school districts in
California, with 1,090 students enrolled in 10 different middle
schools across four districts. There were 439 students who took
the online class, and 651 students who were control students.
There were 14 teachers in this sample. Tables 1, 2 provide
additional descriptive statistics about the sample.
Using a delayed-treatment research design that enabled
randomization of students without the constraint of certain
students getting access to a helpful course while their classmates
did not, we recruited middle school teachers who taught at least
2 classes of 6th, 7th or 8th grade mathematics. For each teacher
half of their classes were randomly assigned to the treatment
group and half to the control group. Students in the treatment
and control conditions were taught by the same teachers, thus

concepts, and creativity. Research shows that students who
approach mathematics as a subject of memorization are lower
achieving than those who approach it as a subject of ideas that
they can think deeply about (Boaler and Zoido, 2016). A third
myth that students believe is that good mathematics students
have to be fast when some of the world’s leading mathematicians
are slow thinkers (Boaler, 2016). This study examines the impact
of a “massive open online course” (MOOC) for students centered
on changing these ideas and teaching students how to learn
mathematics well.
The MOOC includes six modules, each of which takes
15–20 min to complete. The teacher of the course is the
lead author, Jo Boaler, professor of mathematics education at
Stanford, accompanied by some of her undergraduate students.
Some of the key ideas in the course are:
• Everyone can learn mathematics to high levels
• Mistakes, challenge and struggle are the best times for brain
growth
• Depth of thinking is more important than speed
• Mathematics is a creative and beautiful subject
• Good strategies for learning mathematics including talking
and drawing
• Mathematics is all around us in life and is important—this was
shown by different undergraduates showing mathematics in
soccer, nature, juggling, and dance.

TABLE 1 | Observations used in the study.
District

The course includes a series of short videos interspersed with
opportunities for students to reflect on the ideas, connect
with other students in the course, and work on open-ended
mathematics tasks designed to shape students’ perceptions
related to these core ideas. (see Supplemental Note for more
information about the online course.)
This paper describes the results of a randomized controlled
trial (RCT) which examined the impact of the course on middle
school students’ engagement in mathematics class, their beliefs
and mindset, and their academic achievement on state tests—the
Smarter Balanced Assessment Consortium (SBAC) Summative
Assessment. The SBAC assessments determine students’ progress
toward college and career readiness in English language
arts/literacy and mathematics. These are given at the end of the
school year and consist of two parts: a computer adaptive test and
a performance task.
Research into the impact of free online classes—or MOOCs—
has shown disappointing results with the early promise of
equitable access to education being replaced with a harsh
reality of low finishing rates and a predominance of privileged
learners (Hansen and Reich, 2015). This study gives a very
different result, showing that a strategically designed course, with
careful considerations to access, significantly impacted students’
mathematics learning pathways and subsequent achievement,
regardless of students’ gender, ethnicity, language learning level,
or wealth.

Students
Treatment

Control

Total
265

1

5

115

150

2

2

29

41

70

3

5

143

185

328

4

2

152

275

427

Total

14

439

651

1,090

TABLE 2 | Baseline traits description.
Baseline trait

Observations

Percentage

Female

553

0.507

Male

537

0.493

Total

448

0.468

Hispanic

194

0.203

Asian

209

0.218

African-American

23

0.024

Other race

84

0.088

398

0.365

Seventh grade

291

0.267

Eight grade

401

0.368

Free and reduced lunch status

1,090
148

Total

692

Total

762

Total

762

English language learner status

30

Special education status

2

958

Sixth grade

Total

California school districts were recruited through a variety of
announcements at conferences and workshops. School districts
that were willing to provide data on the impact of the course

1,090

White

Total

Design
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Teachers

49

0.214
0.039
0.064
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deviation gains in SBAC math overall scale score; i.e., the
average student in the treatment group would score higher
than 63% of the control group that was initially equivalent (see
Tables 4, 5). The subscales of the SBAC test were also significantly
higher for the treatment group. More details on the model
specifications is given in Table S2. In addition, further analyses
show a positive and significant treatment effect for student
subgroups defined by ethnicity, gender, economic disadvantage
status, ELL status, special education status, and school grade (see
Table S3).
The strong design offered by the RCT performed in this
study was partially offset by data access constraints. At different
stages of the data collection, some schools that were part of
the original study design provided incomplete data on their
students. The first call for participants yielded 193 teachers who
expressed interest and participated in the initial orientation to
the project. On the first survey measure in August 2014, 73
teachers and 6,727 students responded in 27 school districts.
By December 2014, the sample size had reduced to 31 teachers
and 1,645 students in 10 school districts. The attrition in the
study was largely due to technical difficulties at the school

controlling for teacher characteristics. Classes assigned to the
treatment group took the online class in the first few months of
the school year. Students who completed at least 4 of the modules
were considered as having received the treatment.
Table 3 provides a project timeline of key activities. The
students in the control group were given access to the course at
the conclusion of the study.

RESULTS
Using Ordinary Least Squares (OLS) regression controlling
for baseline differences (gender, ethnicity, free and reduced
lunch status, English language learner (ELL) status, and special
education status) we tested for the effects of the intervention.
Summary descriptive statistics for SBAC measures are provided
in Table S1.
We found a treatment effect indicating that MOOC
participants obtained higher scores in their SBAC math
overall scale score, overall proficiency levels, and concepts and
procedures (Smarter Balanced Assessment Consortium, 2013). In
fact, students who receive the treatment obtained 0.33 standard

TABLE 3 | Project timeline.
Date

Participants

Event

Description

August 2014

193 teachers

Teacher attitude survey

This survey explored teachers’ experience, qualifications attitudes
about teaching, learning, and mindset.

August 2014

193 teachers

Full-day teacher training

Teachers received a full-day of training by Professor Jo Boaler and
research assistants on how to successfully implement the lessons in
the MOOC.

September-November 2014

73 teachers 6727 Students

Pre-MOOC student survey 1

Students were given a pre-MOOC survey that explored student
engagement and mindset.

September 2015

81 teachers

Engagement survey 1

Teachers were given a survey that explored teacher perceptions of
student engagement before students took the MOOC.

October –December 2014

85 teachers

MOOC

Classes were randomly assigned to treatment and control groups. The
students in the treatment groups took the six, 15 min sessions of Jo
Boaler’s Math MOOC. Students in the control groups were taught by
the same teachers and spent time receiving mathematics instruction
while the other classes took the MOOC.

December-January 2015

31 teachers 1,645 students

Post-MOOC Student Survey 2

Students were given a post-MOOC survey that explored student
engagement and math mindset.

December-January 2015

47 teachers

Engagement Survey 2

Teachers were given a survey that explored teacher perceptions of
student engagement after students took the MOOC.

TABLE 4 | Regression estimates, MOOC effect on SBAC math scores.
Dependent variable
SBAC math
Overall scale score
MOOC treatment
Observations
R-squared

Overall proficiency levels

Concepts and procedures

Data analysis and modeling

Communicating reasoning

60.496***

0.357***

0.229***

0.273***

0.233***

(13.665)

(0.088)

(0.078)

(0.093)

(0.081)

686

553

260

260

260

0.038

0.087

0.123

0.137

0.118

All models condition on school fixed effects and student controls (gender, ethnicity, free and reduced lunch status, special education status, and English learner status). Robust standard
errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
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TABLE 5 | Standard deviations gains on SBAC math scores.
Variable

Obs.

Mean

Std. dev.

Min

Max

SD gains

Percentile gain

SBAC math overall scale score

1079

2559.8

182.65

0

2802

0.33

0.63

SBAC overall proficiency levels

946

2.605

1.077

1

4

0.33

0.63

SBAC concepts and procedures

652

2.137

0.742

1

3

0.31

0.62

SBAC data analysis and modeling

653

2.113

0.734

1

3

0.37

0.64

SBAC communicating reasoning

653

2.136

0.684

1

3

0.34

0.63

Class engagement

215

0.290

0.847

−2.5

2.75

0.47

0.68

level–students needed an email address and password to take
the online class, which many districts could not provide.
Some schools also reported being unable to access the online
course from their classrooms because of district firewall security
settings that could not be resolved in the timeframe of the
study. Further attrition occurred when some districts did not
provide full data from state tests, usually because of staff
capacity.
Importantly, the attrition was not systematic and was not
linked to the outcome variables. In fact, attrition can introduce
selection bias in randomized trials so this was investigated
fully, as explained below. The most crucial internal validity
concern when estimating causal effects is the assumption that
students’ assignment to treatment and control condition is
random. Under this assumption, the estimates are valid if
students’ baseline traits are statistically similar for treatment and
control students. Table 6 validates this assumption by examining
whether students’ traits vary with treatment/control condition
(Table S4 includes complete regression information). Each point
estimate is from a separate regression where each baseline
student’s covariate (i.e., gender, ethnicity, economic disadvantage
status, limited English proficiency, and special education) is
the dependent variable. The estimated effect of treatment
status on these covariates is small and statistically insignificant,
suggesting that students’ baseline traits are statistically similar
for both treated and control students. This validity check shows
that the treatment and control groups are comparable and
equivalent at baseline. In other words, treatment and comparison
groups are statistically equivalent in every observable aspect
except for the intervention, ruling out the threat of selection
bias.

TABLE 6 | Auxiliary regressions of baseline covariate balance.
Dependent variable
Female

0.058
(0.039)

White

−0.005

Hispanic

−0.010

Asian

−0.018

(0.021)
(0.017)
(0.019)
African-American

0.006
(0.011)

Free and reduced lunch status

−0.051

ELL status

−0.005

Special education status

−0.025

(0.031)
(0.012)
(0.017)
Each point estimate is from a separate regression where the baseline covariate is the
dependent variable. N = 606 in all models. Robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 | Outcomes and baseline traits of students in the randomized controlled
trial MOOC.

Obs.

Treatment

Control

Difference

(1)

(2)

(1)–(2)

t-test

ENGAGEMENT SURVEY: GAIN POST-TREATMENT

Changes in Student Classroom
Engagement
To understand possible mechanisms for the improved academic
achievement treatment effect, the study also examined student
engagement and beliefs related to mathematics teaching and
learning. Participating teachers were asked to evaluate students’
engagement, before and after students took the online class, in
both their treatment and control classrooms. Teachers observed
students along four dimensions of engagement: (a) student
participates in class discussions, (b) student works as hard
s/he can, (c) student appears to be involved in classwork,
and (d) student gives up quickly. Table 7 indicates the two

Frontiers in Education | www.frontiersin.org

Estimate

Student participates in
discussions

334

0.78

0.41

0.38***

2.63

Student works as hard as
s/he can

334

0.38

0.3

0.08

0.8

Student appears involved
in classwork

334

0.33

0.42

−0.09

−0.87

Student gives up quickly

334

−0.39

−0.18

−0.21**

−1.93

***p < 0.01, **p < 0.05, *p < 0.1.

practices which showed significant differences in how students
participated in class between control and treatment classes.
The study of student engagement demanded a lot of teacher
time, and only 4 of 14 teachers returned full data on the students’
engagement in math class. The data from this subset show

4

April 2018 | Volume 3 | Article 26

Boaler et al.

Impact of Mathematical Mindset
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significant effects for students who took the online course. The
effect size of the treatment on student engagement was 0.47 SD
(see last row of Table 5), meaning that the average student in
the treatment group would score higher on the engagement scale
than 68% of the control group accounting for baseline differences
(see Pre/post-gains in student engagement, the last column of
Table 8 for the regression estimates). Students in the treatment
group participated more in class discussions and did not give up
on work as quickly as their counterparts in the control classes.
These findings provide insight into the reasons that students
in the treatment group achieved at significantly higher levels
on state mathematics tests. One compromise in our design is
that because we used a “within-teacher” design, teachers were
aware of which of their classes were designated as control and
treatment, thus posing a potential threat to the validity of this
measure.. We include the engagement gain measure as a mediator
variable for the positive treatment effect on standardized test
introduced earlier. Our aim in using this measure was to explore
possible factors through which students’ beliefs about math may
have resulted in deeper forms of classroom engagement, helping
to explain increases in student achievement. Future studies will
include student engagement surveys that do not rely on teacher
reports, which will strengthen our design.

A pre- and post-survey, measuring shifts in students’ beliefs,
was completed by 156 students and provides further insight into
students’ increased academic achievement. (These numbers are
low as although 1,090 students took surveys, only 156 students
took both the pre and the post-survey). Despite the response rate
of 14%, Table S5 shows that the subset of students who completed
the pre and post-survey were, in fact, representative of the larger
sample group of 1,090 students.
There was a significant treatment effect on three student
beliefs (see Table 8 for regression estimates and Figure 1 which
compares treatment and control group survey responses).
Students in the treatment had significantly higher reports of
growth mindset (Mindset) and their perceptions of mathematics
being an interesting and creative subject (Math Creative). They
also reported feeling less fearful or easily deterred in math (Fear
of Math). The specific survey items for each cluster and alpha
levels are given in Table 9.
The significant changes in engagement and beliefs that
students showed is likely to explain, at least partly, the increase
in students’ mathematics achievement. This finding supports
a growing body of work that shows a link between students’
mindsets about their potential and their ideas about mathematics.

TABLE 8 | Regression estimates, MOOC effect on student mindset surveys.
Student survey

MOOC treatment
Observations
R-squared

Teacher survey

Mindset change

Math creative change

Fear of math change

Pre/post-gain in student engagement

0.380**

0.360***

0.398***

0.272*

(0.170)

(0.104)

(0.136)

(0.141)

156

154

156

145

0.044

0.155

0.118

0.085

All models condition on school fixed effects and student controls (gender, ethnicity, free and reduced lunch status, special education status, and English learner status). Robust standard
errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

FIGURE 1 | Student mindset survey scores and effect size by group.
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TABLE 9 | Measures of student mindset survey (cluster items with alpha levels) 1 = Strongly disagree, 2 = Disagree, 3 = Somewhat disagree, 4 = Somewhat agree, 5 =
Agree, 6 = Strongly agree.
Mindset: (alphas: 0.664/0.684) – Reverse coded People can learn more math, but they can’t really change their basic math intelligence. There are limits to how much
people can improve their basic math ability. You have a certain amount of math intelligence, and you can’t really do much to change it.
Math as creative and connected (alphas: 0.605/0.633) Math is creative. Math is a subject with lots of connections between ideas. It is really helpful to talk about math
with others.
Fear of math (alphas: 0.704/0.718)—Reverse coded When I get a bad grade in math, I think that I am not very smart in math. When confronted with a problem, I give up
easily. When I make a mistake in math, I feel bad. Sometimes math makes me feel afraid.

The evidence from this randomized control trial shows the
academic impact of changing these beliefs and approaches for
students.
We acknowledge the limitations of our study. Our sample
was drawn from middle school students in one state, and so
additional studies with wider grade spans and in more varied
geographical areas would be needed to generalize more broadly.
In addition, for the student engagement measures, we relied
on teachers’ classroom observations of students. Our study
would have been strengthened if we had also included student
engagement surveys.
Most of the research on MOOCS has portrayed disappointing
results—with online classes having low retention and
perpetuating the inequities of open access that MOOCs
were originally aimed to challenge (9). The online class that was
the subject of this study had a different outcome of students
continuing the course and significantly improving their beliefs
and achievement, regardless of students’ gender, ethnicity,
language learning level, or wealth. The fact that this MOOC was
used as part of an educational intervention and administered
by teachers is part of the reason for the students continued
participation. Another, we contend is the pedagogy of active
engagement inside the course. Most MOOC’s are lecture based,
which would likely have been ineffective, even inside a classroom
setting. In the “How to Learn Math” course students were invited
to engage every few minutes, through answering questions,
commenting on videos, and interacting with others. As MOOCs
are developed and refined over the next few decades, it seems that
an important advancement will be the inclusion of opportunities
for more active engagement.
Many school students in the US and world are held back by
damaging ideas about learning and their potential—particularly
in mathematics. There is a widespread myth that students are
either born with a math brain or they are not, and when
students struggle they often decide they are just not a math
person. The RCT that is the focus of this study has shown that
students can be liberated from these damaging ideas and when
they are it improves their participation and achievement. Online
courses for teachers that also focus on mindset messages, and
ideas for teaching mathematics actively, have also been shown
to change students’ achievement and beliefs (Anderson et al.,
under review). Together these studies reveal the importance of
changing the mindsets of teachers and students, in order that
students can learn mathematics without being held back by
damaging beliefs. They also show the potential of online courses which have great scalability and wide-scale access—as effective

It is difficult to maintain a growth mindset and the idea you can
learn any mathematics when the subject is presented as a series
of short, closed questions—with no space for growth or learning
within them. Sun (2015) showed that students developed more
growth mindsets when teachers presented mathematics as subject
with more opportunities for growth and learning, as opposed to
performing and answering questions. The finding that students
in this study shifted in seeing mathematics as a more creative
subject, as well as developing more growth mindsets, supports
this important link (see also Boaler, 2016).

DISCUSSION
Consistent with previous research, this study finds a significant
connection between students’ mindset and their learning
outcomes (Mueller and Dweck, 1998). Students in the treatment
group reported more growth mindset beliefs and more challengeseeking behaviors than those in the control group. What
is distinctive about this study is the impact of an online
class in changing students’ mindsets toward mathematics, with
subsequent changes in student achievement. Much of the
research on mindset has focused on changing students’ mindsets
outside of any content teaching and learning; by contrast this
study examines an intervention that combines mindset with
changed views of mathematics and mathematical engagement.
This study shows that an intervention addressing the intersection
of mindset and mathematics can improve students’ academic
achievement, as well as students’ behavior and beliefs about
mathematics.
These findings are particularly important in light of continued
concerns with US mathematics achievement. In the most recent
international comparisons students in the US ranked 40th out of
72 countries (OECD, 2016). This is an issue that has prevailed for
decades despite a vast body of research that has shown the ways
to teach mathematics well (Schoenfeld, 2002; Boaler, 2015, 2016).
Low mathematics achievement is not the only problem that faces
the US—math anxiety is widespread among school children and
the general population (Ashcraft and Krause, 2007; Foley et al.,
2017). Most of the attention that is given to this issue considers
the curriculum standards and textbooks used in classrooms.
While these issues are important they may not be more important
than a completely neglected issue—the fact that most students
sit in mathematics classrooms, from kindergarten to University,
thinking “I am not a math person.” In addition to this damaging
belief, few students have learned to approach mathematics
as a conceptual domain, rather than a set of procedures.
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Supplementary Note on Online Student
Course

teaching opportunities, bringing some of the best teachers
and the most cutting-edge research to the students who most
need it.

The online class that was the focus of this study has now been
taken by over 160,000 participants—students of mathematics of
all levels from elementary school to college. It has also been taken
by tens of thousands of teachers and parents as both sets of
adults are helped by knowledge of the latest research on ways to
learn mathematics. In addition to individuals taking the course
teachers of students as young as 5 have shared the videos with
their students. The class is free and can be taken at any time and
at any pace. Students can take the class in their school class, as
students in the study did, or at home. The modular nature of the
course has enabled teachers to use the course in a variety of ways:
using the course in summer school, as a way to launch the school
year, or infused throughout the year.
The class, which is also available with Spanish sub-titles, is
open to anyone with an internet connection. The ideas from the
class are also disseminated in different forms including papers,
videos and mathematics curriculum materials on youcubed.org,
a Stanford center and accompanying website of almost entirely
free resources. Accompanying teacher courses on ways to teach
mathematics well are also available.
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