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This article used self-regulated learning as a theoretical lens to examine the individual and interactive associa-
tions between a growth mindset and metacognition on math engagement for adolescent students from socioe-
conomically disadvantaged schools. Across three longitudinal studies with 207, 897, and 2,325 11- to 15-year-
old adolescents, students’ beliefs that intelligence is malleable and capable of growth over time only predicted
higher math engagement among students possessing the metacognitive skills to reflect upon and be aware of
their learning progress. The results suggest that metacognitive skills may be necessary for students to realize
their growth mindset. Thus, growth mindsets and metacognitive skills should be promoted together to capital-
ize on the mutually reinforcing effects of each, especially among students in socioeconomically disadvantaged

schools.

Active engagement in math learning is critical to
youth’s educational and career trajectories (Reschly
& Christenson, 2012). Engaged students tend to exert
more effort, perform better, and be more persistent
in the face of setbacks than disengaged students
(Wang, Degol, & Henry, 2019). Unfortunately, as stu-
dents—especially students from socioeconomically
disadvantaged backgrounds—progress through sec-
ondary school, their math engagement tends to
decline (Li & Lerner, 2011; Wang & Degol, 2014;
Wigfield, Eccles, Schiefele, Roeser, & Davis-Kean,
2006). In particular, adolescent students tend to
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regard math performance as rooted in aptitude and
inherited ability rather than hard work, effort, and
persistence (Ahn et al., 2016). The belief that perform-
ing well in math requires exceptional innate ability is
de-motivating and may contribute to decreases in
student engagement in math learning over time (Fre-
dricks et al., 2016).

Given the role of engagement in maintaining stu-
dents’ pursuits of learning math, this study aims to
understand the underlying individual and psy-
chosocial factors that predict math engagement over
time. Drawing from self-regulated learning (SRL)
theories and the integrative development-in-socio-
cultural-context model, we posit that engaged math
learners are both metacognitively and motivation-
ally driven (Wang et al., 2019; Winne & Hadwin,
2008; Zimmerman, 2000). In other words, students
need to develop their metacognitive skills (i.e.,
planning, monitoring, evaluating) to be aware of
and regulate their math learning and understanding
while also subscribing to the belief that they are
capable of improving their math performance (i.e.,
growth mindset). Therefore, metacognition and a
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growth mindset have unique contributions to stu-
dent math engagement while also reinforcing each
other.

Although research has indicated that metacogni-
tion and a growth mindset form the sociocognitive
and motivational foundations for effective learning,
few empirical studies have examined these con-
structs simultaneously or explored how they inter-
act to shape math engagement longitudinally.
Moreover, students from different socioeconomic
backgrounds have differential access to quality
instruction, opportunities, and resources (Wang
et al., 2019); hence, the educational impact of
metacognition and mindset may vary for students
from lower and higher socioeconomic status (SES)
schools. Consequently, this article leverages three
longitudinal studies to examine the direct and inter-
action effects of students” metacognitive skills and
growth mindset to predict math engagement in
low-SES schools. To guide this inquiry, we rely on
the theoretical lens of SRL and engagement theories
and research on factors that drive student engage-
ment in math learning.

Self-Requlated Learning

Both SRL theories and the integrative develop-
ment-in-sociocultural-context model postulate that
metacognition and motivation work together to
shape academic engagement and performance (Efk-
lides, 2011; Wang et al., 2019; Zimmerman & Moy-
lan, 2009). Metacognition and motivation share a
cyclical relation in which they simultaneously
impact learning as it unfolds, which in turn affects
subsequent learning experiences (Wang, Binning,
Del Toro, Qin, & Zepeda, 2021). For example, Zim-
merman and Moylan’s (2009) SRL model posits that
three dynamically interrelated phases constitute the
learning process: forethought (before learning), per-
formance (during learning), and reflection (after
learning). During the forethought phase, students
access their self-motivational beliefs (e.g., theories
of intelligence) and create a plan; during the perfor-
mance phase, students engage with a learning task
while monitoring and controlling their motivations
and cognitions; and during the reflection phase, stu-
dents review their learning process and make attri-
butions to their success or failure. The completion
of all three phases represents one “cycle” of learn-
ing and results in students adjusting their future
motivations and metacognition.

Given that self-motivational beliefs are confined
to the forethought and reflection phases while
metacognition exists within all three phases of the

model, students” mindset beliefs may either activate
or enhance current and subsequent metacognitive
behaviors (Wang et al., 2019). For instance, students
might apply a baseline level of metacognition to
help acquire new knowledge and increase their per-
formance; but when this baseline of metacognition
is combined with productive self-motivational
beliefs (i.e., growth mindsets), students’ overall
metacognitive skills may be enhanced. Moreover,
students are likely to experience failure or frustra-
tion when they employ their metacognitive skills to
identify gaps in their knowledge or mistakes in
their work. In these cases, the addition of growth-
mindset beliefs might help students mitigate the
maladaptive attributions of these setbacks and con-
tinue to persist with their learning. Without a
growth mindset, students may be less willing to try
new or different metacognitive approaches in the
face of academic struggles and setbacks.

In addition, students who believe in their ability
to grow and learn must have the metacognitive
skills to recognize when this growth has been real-
ized. By metacognitively processing learning tasks,
students are also more likely to have mastery expe-
riences and witness their progress, thus affirming
the validity of the growth mindset message. With-
out metacognitive skills, students with growth
mindsets may not have a means by which to gauge
progress and growth. Based on the nature of the
SRL and integrative development-in-sociocultural-
context models, we expect that growth mindset and
the use of metacognitive skills will interact to facili-
tate deeper engagement in math learning.

Math Engagement

Scholars have defined engagement as the quality
of students’ interactions or involvement with learn-
ing activities (Wang & Degol, 2014; Wang et al,,
2019), and researchers have established that engage-
ment is a multidimensional construct consisting of
at least three components: behavioral, cognitive,
and emotional engagement (Fredricks et al., 2016;
Wang, Henry, & Degol, 2020). Behavioral engage-
ment refers to participation, persistence, and effort;
cognitive engagement encompasses processes
related to attention and mental investment in learn-
ing; and emotional engagement encapsulates affec-
tive reactions to learning activities. These
dimensions of engagement are highly correlated
with one another and have been identified as criti-
cal components of math learning (Wang et al,
2019). In fact, researchers have asserted that stu-
dents’ active participation in and effort toward the



learning process work together to bolster the likeli-
hood of succeeding in math (Boaler, 2013). It has
also been well-documented, though, that fostering
student engagement in math learning poses distinct
challenges to educators: Many students find math
to be overly difficult, frustrating, and boring (Leslie,
Cimpian, Meyer, & Freeland, 2015), and as students
move into secondary school, their engagement
declines significantly (Wang, Fredricks, Ye, Hof-
kens, & Linn, 2016). To better understand these
motivational processes, we focus on the role of
engagement and what promotes students’ engage-
ment in math learning.

Math Metacognitive Skills

Students’” familiarity with and use of metacogni-
tion may relate to how engaged they are in math
learning. Metacognition is the awareness and regu-
lation of one’s thoughts (Flavell, 1987). Metacogni-
tive regulation typically takes the form of three
skills, each of which can be taught and improved
upon with practice: planning, monitoring, and eval-
uating (Zimmerman & Moylan, 2009). Planning
refers to identifying the goal and how to reach a
goal; monitoring entails assessing one’s understand-
ing and progress toward that goal; and evaluating
involves assessing the process of goal attainment.
Given that math learning is an incremental process
that involves increasingly intricate operations,
abstract concepts, and multiple solutions, students
need the skills to plan, monitor, and evaluate their
understanding so that they can adjust their learning
strategies, remain engaged, and accomplish their
learning goals.

Studies have shown that students who use
metacognitive skills to a higher degree experience
a wide range of positive math outcomes (Carr,
2010; Schneider & Artelt, 2010). For example, stu-
dents with higher levels of metacognitive skills
tend to engage more productively with math than
those with lower metacognitive skills, as they are
more likely to create a plan before diving into
problem solving (Schoenfeld, 1992). If students
have an adequate metacognitive skillset, they
should be more likely to direct their learning and
engagement in math. Some studies have sup-
ported this link, as metacognitive skills have been
positively associated with performance in an
undergraduate psychology course through behav-
ioral engagement (Umemoto, Ito, & Tanaka, 2016).
Whether this pattern exists in math for adolescent
students (i.e., students whose metacognitive skills
are still developing, Veenman, Van Hout-Wolters,
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& Afflerbach, 2006) remains an unanswered ques-
tion.

Math Growth Mindsets

Believing that one can improve their math abili-
ties might aid students to engage with math. A
growth mindset is an underlying belief that intelli-
gence is malleable and can improve with effort and
adequate strategies (Dweck, 2000). Those who have
growth mindsets view setbacks as an opportunity
to learn from mistakes, use constructive coping
strategies, and persist in school as compared to
those who have fixed mindsets (i.e., the belief that
intelligence is inherited and unchangeable; Black-
well, Trzesniewski, & Dweck, 2007, Romero, Mas-
ter, Paunesku, Dweck, & Gross, 2014). This prior
work suggests that students who have growth
mindsets would be more likely than those with
fixed mindsets to engage in math learning, particu-
larly during challenging learning tasks.

Unfortunately, math is one domain in which stu-
dents are less likely to endorse a growth mindset,
as many students tend to associate the ability to
learn math with an innate aptitude rather than hard
work, practice, and effort (Ahn et al., 2016). There-
fore, students with a fixed math mindset may attri-
bute their struggles in math to their lack of ability,
while those with a growth math mindset often rec-
ognize their struggles as part of the learning pro-
cess or the need to use alternative strategies. Some
recent work has found that adolescents” growth
mindsets are related to their intention to persist in
school (Renaud-Dubé, Guay, Talbot, Taylor, &
Koestner, 2015) and math engagement (Bostwick,
Martin, Collie, & Durksen, 2019). Considering that
growth mindsets are domain-specific and students
often perceive math as requiring an exceptional
amount of innate ability as compared to other aca-
demic subjects (Degol, Wang, Zhang, & Allerton,
2018), the question of whether a math growth
mindset is related to student engagement has
strong implications for math learning.

Interaction Between Growth Mindset and Metacognition
on Math Engagement

While growth mindsets and metacognition may
be individually related to math engagement, these
factors may also reinforce each other such that the
influence of one dimension depends upon or is
modified by the influence of another. As suggested
by SRL theories and the integrative development-
in-sociocultural-context model, students must have
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both the metacognitive skills and motivation to reg-
ulate their learning and achieve academically.
While prior work has not directly examined the
interaction between metacognition and growth
mindsets on math engagement, there has been some
work suggesting that they are related. For instance,
high school students” use of math-specific metacog-
nition on a math task has been positively related to
a learning motivation composite score that con-
tained indicators of growth mindsets and behav-
ioral engagement (Gémez-Chacon, Garcia-Madruga,
Vila, Elosta, & Rodriguez, 2014).

However, SRL theories indicate that motivational
variables only help students up to a certain point.
Beyond that point, students need to employ their
metacognitive skills to help them fully engage in
math material (Wang et al., 2021). To elaborate,
both metacognition and growth mindsets are
important for engagement; yet, they may work
together such that the use of metacognitive skills
navigates students toward learning while a growth
mindset shapes the meaning that students ascribe
to their progress (or lack thereof). Simply put, stu-
dents with growth mindsets and adequate use of
metacognitive skills might think, “I'm making pro-
gress, which means I'm getting better; so, I should
keep trying.”

Furthermore, recent research has disputed the
impact of a growth mindset, arguing that the
adoption and maintenance of a given mindset is
contingent upon contextual affordances or mean-
ing-making experiences (Walton & Wilson, 2018;
Walton & Yeager, 2019). Per Walton and Yeager
(2019), a growth mindset might plant the seed
that learning is an incremental process; however,
if the student and their environment (e.g., the stu-
dent’s metacognitive skills in combination with
the learning opportunities provided) do not nour-
ish that adaptive mindset, then the mindset might
lose its benefit. In this case, a growth mindset
gives students a perspective on how to interpret
their learning progress and outcomes, but in
order for this perspective to be maintained or put
into action, students also need to metacognitively
regulate their progress toward learning and grow-
ing. Should their metacognitive skills be underde-
veloped, students’ progress may stall, which
would then weaken the meaning behind a growth
mindset. Thus, if students do not have an ade-
quate metacognitive skillset or if their environ-
ments do not support the development of
metacognition, we should expect that a growth
mindset itself would not contribute to their
engagement in learning.

Current Study

Drawing from SRL theories and the integrative
development-in-sociocultural-context model, this
work examined the individual contributions of stu-
dents” metacognitive skills and growth mindsets
and their interactions with math engagement. In
particular, we investigated these relations during
adolescence, a developmental period during which
students’” math engagement tends to decline and
metacognitive skills are still being developed (Veen-
man, Van Hout-Wolters, & Afflerbach, 2006; Wang
& Eccles, 2012). Alongside the observable devalua-
tion of math achievement among socioeconomically
disadvantaged students (Hentges, Galla, & Wang,
2019), these shifts suggest that metacognition and
mindset play a pivotal role in keeping these stu-
dents engaged in learning. Complicating the matter
further, as students progress through secondary
schools, the level of math abstraction deepens while
the diversity of mathematical concepts broadens
(Boaler, 2013). With the increasingly complex cur-
riculum and demands in math, students need to
have adequate metacognitive skills and adaptive
mindsets to learn and persist in the face of chal-
lenges.

Additionally, scholars have called for understand-
ing not only the average impact of educational inter-
ventions across populations, but also for nuanced
analyses of which contexts and for whom these
interventions are most efficacious (Olsen, 2017;
Wieiss et al., 2017). Socioeconomic contexts influence
student school experiences and perceptions of them-
selves and educational opportunities available to
them such that students in high-SES contexts are
more likely than those in low-SES contexts to inter-
act with high-performing peers and adults with
higher educational attainment, paving clearer path-
ways for their own college prospects (Oyserman &
Lewis, 2017). Studies have also suggested that
socioeconomic contexts influence adolescents” mind-
sets (Wang et al., 2019). For example, socioeconomi-
cally disadvantaged students are more likely than
higher SES students to hold fixed mindsets about
academic ability (Destin, Hanselman, Buontempo,
Tipton, & Yeager, 2019). Yet, low-SES youth are also
more likely to academically benefit from having
growth mindsets than their higher SES peers
(Hwang, Reyes, & Eccles, 2019). As such, we focus
on examining the extent to which metacognitive and
motivational factors contributed to students’ math
engagement in low-SES school contexts.

When focusing on school SES contexts, low-SES
schools, unlike high-SES schools, tend to serve



students from historically marginalized populations
that often encounter stereotypes of academic incom-
petence, low-quality instruction, and limited
resources, and as a result, low-SES schools are fre-
quently low-performing schools (Nasir, 2019;
Osborne & Walker, 2006). In fact, the socioeconomic
opportunity gap has widened in the past several dec-
ades with socioeconomically disadvantaged students
experiencing declining academic skill, proficiency,
and interest, especially in math (Reardon, 2011). With
these added environmental challenges and societal
barriers, students in low-SES schools might especially
benefit from having both a growth mindset and
metacognitive skills to facilitate their engagement in
math learning.

Recent studies have also indicated that metacog-
nition and mindset interventions help academically
vulnerable students more than others (Rosenzweig
& Wigfield, 2016; Schneider & Artelt, 2010). For
instance, intervention studies have found that stu-
dents do not universally benefit from mindset mes-
sages (see Binning & Browman, 2020). In one study,
the benefits of a mindset intervention were only
seen among African Americans with high educa-
tional expectations (Binning, Wang, & Amemiya,
2019). In another study, academic engagement and
performance increased only for African American
students who experienced heightened levels of
stereotype threat in academic domains (Good,
Aronson, & Inzlicht, 2003). Echoing this relation,
metacognitive interventions have been particularly
helpful for lower achieving students (Carr, 2010;
Schneider & Artelt, 2010). Together, this work sug-
gests that the development of students’” metacogni-
tion and growth mindset often needs adequate
support to be effective for all students, especially in
low-SES school environments.

As highlighted by learning and instruction litera-
ture, the needed support for metacognition and
growth mindsets might be driven by the teacher—
student relationship (Wang, Degol, Amemiya, Parr,
& Guo, 2020). Some work has shown that class-
rooms with high growth on a conceptual math test
were positively related to the amount of teacher talk
that focused on metacognition (Zepeda, Hlut-
kowsky, Partika, & Nokes-Malach, 2019) and
emphasized mastery (Boden, Zepeda, & Nokes-
Malach, 2020); however, in both of these studies, not
much teacher talk was actually dedicated to those
areas. The teacher—student relationship also has
implications for student engagement. For example,
one meta-analysis revealed that a positive teacher—
student relationship was associated with student
engagement and achievement, whereas a negative
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teacher—student relationship was associated with
disengagement and poor performance (Roorda, Koo-
men, Spilt, & Oort, 2011). With the teacher—student
relationship contributing to many student learning
outcomes, we account for it in our analyses.

Given SRL theories and the integrative develop-
ment-in-sociocultural-context model, we hypothe-
sized that growth mindset and metacognitive skills
would individually contribute to math engagement
while also interacting with each other. Specifically,
metacognitive skills may be necessary for students
to realize their growth mindset. Without these skills,
students may have no way of knowing whether they
are making progress or growing despite their belief
that they are capable of said progress and growth.
Although some learners have been observed to dive
into solving math problems without thinking
through different approaches or creating a plan
(Schoenfeld, 1987), we argue that metacognitive
skills (i.e., the ability to track and understand learn-
ing growth) are conducive to helping students main-
tain engagement over time.

To rigorously test these hypotheses, we used
three longitudinal studies with large sample sizes
to examine the relation between growth mindset,
metacognitive skills, and math engagement. The
first study examined these relations with students
from low-SES schools across two semesters (one
wave of survey and school record data per seme-
ster); the second study examined these relations in
students from low-SES schools using daily-diary
data collected over the course of 16 school days;
and the third study explored the uniqueness of
these relations in low-SES and high-SES schools
across 4 years (one wave of survey and school
record data per year). The measurement approach
linking these three study designs was to evaluate
the degree to which students could regulate their
metacognition and motivation to remain engaged in
learning over different time scales.

Our analyses represent a combination of explora-
tory and confirmatory approaches: Our tests of
main and interaction effects were theory-driven and
confirmatory, whereas our deeper investigation into
the direction and pattern of interaction effect was
exploratory. Once an interaction pattern was identi-
fied in Study 1, we confirmed said patterns in Stud-
ies 2 and 3.

Study 1

Study 1 served as an initial test of the individual
and interactive associations between metacognitive
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skills and growth mindsets with math engagement
over the two semesters of a single school year. The
aim was to test the empirical support at the
between-student level.

Method
Participants and Procedure

The sample consisted of 897 sixth- and eighth-
grade students from four urban public schools in the
United States (49% male; 66% African American,
31% White, and 3% other race; 78% qualified for
free/reduced-price lunch). Two waves of data were
analyzed in this study, with Wave 1 commencing in
the fall of 2018 and Wave 2 being completed in the
spring of 2019. Over half (70%) of the students in
the participating schools lived at 185% or below the
federal poverty level, and these schools have ranked
consistently in the bottom 25th percentile on the sta-
tewide standardized math test over the past 5 years.

With teachers’ assistance, the research team dis-
tributed letters with the study description and
active consent/assent forms for students and their
parents. Students who agreed to participate in the
study completed a web-based survey in a class-
room with technology during their school hours.
Research staff members were available during sur-
vey administration to answer any questions that
students had about the purpose or content of the
survey. To ensure that students with varying liter-
acy skills could effectively complete the survey, all
survey questions were audio-recorded. All materials
and procedures were approved by the first authors’
university institutional review board.

Measures

Math  engagement.  Math engagement was
assessed in the fall and spring semesters using the
Math Engagement Scale, a well-validated engage-
ment scale with strong reliability and construct and
predictive validity (Fredricks et al., 2016; Wang
et al., 2016). This nine-item scale assessed students’
engagement, including attention, effort, affect, and
task persistence in math class (e.g., “I stay focused
in math”; “I put effort into learning math”; “I
enjoyed learning math”). Item responses fell along
a 5-point Likert scale ranging from 1 (not at all like
me) to 5 (very much like me) (as = .84 and .86).

Math  metacognitive skills. ~ Using six items
adapted from the Metacognitive Self-Regulation Scale
of the Motivated Strategies for Learning Questionnaire
(Pintrich, Smith, Garcia, & McKeachie, 1991), students

reported on their use of planning, monitoring, and
evaluating math learning in the fall semester (e.g., “I
ask myself questions to make sure I understand the
material I have been studying in math class”; “I used
what I learned today to make sense of our earlier
math classes”; “I tried to understand my mistakes
when I got something wrong in math”). Students
responded on a five-point Likert scale ranging from 1
(not at all like me) to 5 (very much like me) (o = .89).

Math growth mindset.  Students’ beliefs about
the malleability of math ability were measured in
the fall semester by using the well-validated Math
Ability Mindset Scale (four items; e.g., “To be honest,
you can’t really change how smart you are in
math”; “How smart you are in math is something
about you that you can’t change very much”; Degol
et al., 2018). Students responded on a 5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly
agree) (o = .91). Responses were averaged to form a
growth mindset composite and reverse-coded such
that higher scores reflected stronger growth-ori-
ented math mindsets. As suggested by extant
research (Degol et al., 2018; Yeager et al., 2019), our
scale used fixed-mindset items in order to avoid
potential acquiescence or social desirability biases
whereby participants respond more favorably to
positively worded growth-mindset items.

Student-level covariates. ~ We included several
student-level covariates collected from the school
record: (a) students’ relationship with the math tea-
cher (three survey items; o =.84; e.g.,, “My math
teacher understands how I feel about things in
class”, “I feel comfortable in math class”); (b) prior
mathematics performance; (c) grade level; (d) gen-
der; (e) race; (f) school membership; and (g) free/re-
duced-price lunch status.

Missing Data

Two waves of data were collected during 2018-
2019 school year. Wave 2 (spring) retained 94% of
the initial sample from Wave 1 (fall). An examina-
tion of missing data patterns indicated that 90% of
students either had complete data or were missing
on only one study variable, which was due to stu-
dents not finishing the survey. Participants with
missing data did not differ on any study variables
in comparison to participants with complete data.

Analytic Plan

We used regression models to examine the indi-
vidual and interaction effects of metacognitive skills
and growth mindset at Wave 1 on math engagement



at Wave 2 while accounting for classroom random
effect and prior engagement. We handled missing
data using full-information maximum likelihood
estimation (FIML), which included all available data
by identifying the parameter values with the highest
probability of producing the sample data.

Results

Individual and Interaction Effects of Metacognitive
Skills and Growth Mindset

Table 1 presents the means, standard deviations,
and correlations for each of the key predictor and
outcome variables. As shown in Model 1 and
Table 2, students’ metacognitive skills were posi-
tively associated with math engagement, but
growth mindset was not.

The interaction effect results indicated that the
association between students’ growth mindset and
math engagement varied based on metacognitive
skills (Model 2, Table 2). In Figure 1, we plotted
these interactions at high (Mean +1 SD) and low
(Mean —1 SD) levels of each variable. The plot
showed that among students with low metacogni-
tive skills, the effect of growth mindset was negative
(B = —.09, t = —1.99). But among students with high
metacognitive skills, the effect of growth mindset
was positive (B = .06, t = 1.56). In other words, the
growth mindset only became beneficial for student
engagement when students had the metacognitive
skills to understand and regulate their learning.

Study 2

In Study 2, we aimed to replicate the findings from
Study 1 using 16 days of daily-diary data. The
duration of our daily-diary assessments has been

Table 1
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Table 2
Regression Model Predicting Mathematics Engagement Over Two
Semesters in Study 1 (n = 897)

Model 1:
Main effect

Model 2:

Variables Interaction effect

Key predictors

Math growth mindset .00 (.03) .00 (.03)

Math metacognitive skills 17 (.03)*** 17 (.03)***

Metacognitive — .04 (.02)**
skills x Growth mindset

Covariates

Teacher—student 11 (.03)%** 114 (.03)%**
relationship

Prior math achievement .02 (.00)*** .02 (.00)***

Grade level .03 (.04) .03 (.04)

Male (vs. female) .02 (.06) .01 (.06)

White (vs. racial minority) —.04 (.06) .04 (.06)

Free/reduced-price lunch —.05 (.09) —.04 (.09)

(vs. paid)

Note. The values in the parentheses indicate standard errors.
**p < .01 #**p < .001.

recommended as an ideal observation window to
capture meaningful within-person variability and
reduce participant burden for daily diary research
(Bolger, Davis, & Rafaeli, 2003). Using a multilevel
design, we examined the individual and interaction
effects between metacognitive skills and growth
mindset at both the between-student level and the
within-student level.

Method
Participants and Procedures

Participants were 207 eighth-grade students (55%
male; 57% African American, 33% White, 10% other
race; 68% qualified for free/reduced-price lunch)

Means, Standard Deviation, and Zero-Order Bivariate Correlations Among Key Study Variables in Study 1 (n = 897)

Variable 1 2 3 4 5 6 7 8
1. Math engagement 1

2. Math growth mindset .07 1

3. Math metacognitive skills 43 .07 1

4. Teacher—student relationship .36 .10 .29 1

5. Prior math achievement .32 18 A2 a1 1

6. Male (vs. female) .00 —.04 —.06 —.02 -.11 1

7. White (vs. racial minority) .05 A1 .02 12 .23 —.03 1

8. Free/reduced-price lunch (vs. paid)  —.05 —.04 —-.03 .07 —-.18 -02 -0 1
M (SD) 3.65(0.92)  3.67(1.10) 327 (1.01)  3.66 (1.05)  81.89 (11.88) — —

Note. Bolded values indicate significance at p < .05.



8 Wang, Zepeda, Qin, Del Toro, and Binning

from one urban public school in the United States.
Over half (61%) of the students in the participating
school lived at 185% or below the federal poverty
level, and the school has ranked consistently in the
bottom 25th percentile on the statewide standard-
ized math test over the past 5 years.

With assistance from the students’ teachers, the
research team distributed letters with the study
description and active consent/assent forms for stu-
dents and their parents. More than 99% of the
eighth-grade cohort agreed to partake in the study.
All study procedures occurred in students’” math
classrooms on computerized tablets. The current
study collected two types of data across the 2017-
2018 school year: a pre-daily diary survey (fall
2017) and a 16-day daily diary (spring 2018). Data
were collected during the final 5 min of each day’s
math class for 16 days. To address potential literacy
difficulties, students were provided with head-
phones to listen to the audio-recorded questions.
All materials and procedures were approved by the
first authors” university institutional review board.

Measures

Math engagement.  During each day of the
daily-diary study, students responded to three math
engagement items that were adapted from the Math
Engagement Scale: “I stayed focused in math class
today”; “I put effort into learning in math class
today”; and “I enjoyed math class today” (Fredricks
et al., 2016; Wang et al., 2016). For these items, stu-
dents responded on a 5-point Likert scale from 1
(not at all) to 5 (very much). The three items were
averaged to create daily composite scores of stu-
dents’ engagement (oot = .91, Mrota = 3.11,

4.5

SDrotal = 0.69). Supporting the validity of the daily
diary measure, students’ daily report of math
engagement was moderately correlated with their
scores in the teacher grade book (i.e., classwork,
homework, and tests/quizzes) during the daily
diary period, r = .47, p < .001.

Math metacognitive skills. ~ To assess daily math
metacognitive skills, students responded to three
items adapted from Metacognitive Self-Regulation
Scale from the Motivated Strategies for Learning Ques-
tionnaire (Pintrich et al., 1991): “I ask myself ques-
tions to make sure I understand the material I have
been studying in today’s math class”; “I used what
I learned today to make sense of earlier math
classes”; “I tried to understand my mistakes when I
got something wrong in math class today.” Stu-
dents responded on a 5-point Likert scale ranging
from 1 (not at all) to 5 (very much). The three items
were averaged to create daily composite scores of
students’” math metacognitive skills (dtrora = .83,
MTotal = 279, SDTotal = 075)

Time-level covariates. ~ We included time-level
covariates that were related to student engagement:
the level of distraction (i.e., “There were distractions
in math class today; for example, other students
talking during the lesson”) and the day of the study
to account for potential time and fatigue effects of
study participation.

Student-level predictors. ~ The same Math Ability
Mindset Scale that was used in Study 1 was used
for this study (a = .77).

Student-level covariates. ~ We included the fol-
lowing student-level covariates collected from the
pre-daily-diary survey or school records: (a) stu-
dents’ relationship with the math teacher (eight
items; e.g.,, “I like my math teacher” “My math
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Figure 1. The interaction effect between metacognitive skills and growth mindset (Study 1).



teacher is patient and understanding”; o = .85); (b)
prior year’s math performance; (c) gender; (d) race;
and (e) free/reduced-price lunch status.

Missing Data

The amount of missing data varied at both the
daily and student levels. Of the possible 3,312 daily
diary assessments (16 days, 207 students), data
were missing for 30.3% at the daily level (N = 1,119
missing daily assessments), which was either due
to students not finishing the survey (N =927) or
being absent that day (N = 192). There were also
varying levels of missing data at the student level.
Given the school-based nature of the study, partici-
pation rates were generally high: pre-daily-diary
survey = 100%; daily diary (at least one day of par-
ticipation) = 95%.; and M = 11.25 responses of 16
total possible days.

We next examined if student factors were associ-
ated with the number of responses provided in the
study across the pre-daily diary survey and daily
diary assessments. Students with more available
data reported higher pre-daily diary math engage-
ment (r = .05, p = .04), received higher prior year
math standardized test scores (r = .06, p = .01), and
were more likely to be racial minorities (r = —.05,
p = .01). To retain all 207 students in analyses, we
accounted for missing data at the daily and student
levels using FIML (Baraldi & Enders, 2010). As a
sensitivity analysis, we also used multiple imputa-
tions with 20 imputed data sets to handle missing
data and achieved the same results.

Analytic Plan

Study 2 investigated how students” metacogni-
tive skills and growth mindset in mathematics
related to their daily math engagement. Our data
had a nested structure in which 16 daily-diary
assessments were nested within 207 students, and
these students were nested within nine classrooms.
Hence, we used multilevel models to address the
study questions by assigning Level 1 to time and
Level 2 to students while accounting for classroom
random effect.

The outcome of interest was daily math engage-
ment at Level 1. Level 1 key predictors included
metacognitive skills and day of the study (e,
time), and the Level 2 predictor was growth mind-
set. We investigated the interaction between
metacognitive skills and growth mindset as well as
how such interactions varied over time.

Growth Mindset and Metacognition 9

Results

Individual and Interaction Effects of Metacognitive
Skills and Growth Mindset

Table 3 presents the zero-order correlations
among daily level and student-level variables. The
results of the multilevel modeling predicting daily
math engagement are shown in Table 4. As shown
in Model 2, Table 4, students’ math metacognitive
skills were positively associated with daily math
engagement. However, students’ growth mindset
did not predict math engagement on average.

The association between students” growth mind-
set and math engagement varied based on metacog-
nitive skills and this interaction effect did not vary
by time (Model 3, Table 4). The plot in Figure 2
illustrates that among students with low metacogni-
tive skills, the effect of growth mindset was nega-
tive (B = —.13, t = —2.46). But among students with
high metacognitive skills, the effect of growth
mindset was positive (B = .07, t = 1.35). Consistent
with the findings from Study 1, growth mindset
only predicted math engagement positively when
students had high metacognitive skills.

Study 3

In Study 3, we sought to replicate the results from
Studies 1 and 2 by examining the longitudinal asso-
ciations among metacognitive skills, growth mind-
set, and math engagement with a 4-year
longitudinal study. The sample included students
from low- and high-SES schools, allowing us to
examine whether the patterns of the findings from
Study 1 and Study 2 were unique to students from
low-SES schools.

Method
Participants and Procedure

The sample consisted of 2,325 fifth- (32%), sev-
enth- (35%), and ninth-grade (33%) students from 20
public schools in the United States (51% male; 65%
White, 35% African American; 65% qualified for free
or reduced-price lunch). Forty-two percent of the
sample came from high-SES schools (51% male; 96%
White, 4% African American; 28% free or reduced-
price lunch), whereas 58% of the sample came from
low-SES schools (50% male; 25% White, 75% African
American; 93% free or reduced-price lunch). These
low-SES schools have consistently ranked in the
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Table 3
Zero-Order Correlations Between Daily-Level and Student-Level Vari-
ables in Study 2 (n = 207)

Variable 1 2 3 4 5 6

Daily-level variables (Level 1)

1. Math engagement 1

2. Math metacognitive skills .52 1

3. Level of distraction —-05 —-.03 1

4. Day of study —-.04 .07 -22 1

Student-level variables (Level 2)

1. Math growth mindset 1

2. Prior year’s math .09 1
achievement

3. Male (vs. female) 03 34 1

4. White (vs. minority) -16 10 —-.04 1

5. Free/reduced-price lunch —.04 .01 .05 .04 1
(vs. paid)

6. Teacher-student 15 19 12 —-07 01 1
relationship

Note. Bolded values indicate significance at p < .05.

bottom 25th percentile on the statewide standard-
ized math test over the past 5 years. Although these
schools did not differ by gender, students in the
high-SES schools were more likely to be White and
pay full price for their lunch as relative to students
in low-SES schools, who were more likely to be of a
racial minority and qualify for free or reduced-price
lunch (race-x“(1) = 1,162.77, p < .001; lunch status-
v*(1) = 1,043.17, p < .001). Four waves of data were

Table 4

analyzed in this study once per year with Wave 1
commencing in 2015.

Students completed a web-based survey in a
classroom with technology during their school
hours. Research staff members were available dur-
ing survey administration to answer any questions
that students had about the purpose or content of
the survey. To ensure that students with varying
literacy skills could effectively complete the survey,
all survey questions were audio-recorded, and stu-
dents were provided with headphones to listen to
the questions. All materials and procedures were
approved by the first authors’ university institu-
tional review board.

Measures

Math engagement. ~ The same scale used in
Study 1 was utilized to measure students’ math
engagement in the spring semester for this study
(as ranged from .83 to .89).

Math metacognitive skills. ~ The same scale used
in Study 1 was utilized to measure students’
metacognitive skills in the fall semester for this
study (as ranged from .75 to .78).

Math growth mindset. ~ The same scale used in
Study 1 was utilized to measure students’ math
mindset in the fall semester for this study (as ran-
ged from .81 to .85).

Covariates. ~ We included three time-level covari-
ates that were related to math engagement: (a) stu-
dents” relationship with the math teacher (three

Multilevel Model Predicting Daily Mathematics Engagement Over 16 Days in Study 2 (n = 207)

Variables

Model 1: Unconditional model

Model 2: Main effect Model 3: Interaction effect

Level 1 (day)
Time —.02 (.00)***
Math metacognitive skills
Class distraction
Metacognitive skills x Growth mindset
Level 2 (student)
Math growth mindset
Teacher-student relationship
Math achievement (prior year)
Male (vs. female)
White (vs. minority)
Free/reduced-price lunch (vs. paid)

—2log likelihood 4,819.47
Akaike information criterion 4,851.47
Bayesian information criterion 4,942.05

—.02 (.00)*** —.02 (.00)***
35 (.02)%** 35 (.02)%**
—.02 (.01) —.03 (.01)
- 11 (.03)**+
—.03 (.05) —.02 (.05)
.06 (.06) .06 (.06)
.00 (.00) .00 (.00)
13 (.08) .14 (.08)
11 (.08) 11 (.08)
—.11 (.08) —.09 (.08)
4,594.76 4,582.35
4,644.76 4,634.35
4,786.19 4,781.43

Note. The values in the parentheses indicate standard errors.
*xkp < 001
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Figure 2. The interaction effect between metacognitive skills and growth mindset (Study 2).

items; e.g., “My math teacher understands how I feel
about things in class”, “I feel comfortable in math
class”; as from .78 to .83); (b) students’ mathematics
performance; and (c) the year of the study. We also
included student-level covariates: (a) grade level; (b)
gender; (c) race; (d) school membership; and (e)
free/reduced-price lunch status.

Missing Data

In this study, 1,489 adolescents (64%) participated
at Wave 1, 629 (27%) at Wave 2, 142 (6%) at Wave 3,
and 65 (3%) at Wave 4. Since first participation,
1,140 (51%) adolescents had no missing waves of
data missing, 491 (23%) had one wave of data miss-
ing, 363 (16%) had two waves of data missing, and
331 (10%) had three waves of data missing. Partici-
pants with more waves of data were more likely to
be girls (than boys; r = .06, p <.05), White youth
(than ethnic-racial youth; r = .19, p < .001), pay for
full-price lunch (than those in a free/reduced-price
lunch program; r = .18, p < .001), and have higher
math achievement (r = .24, p < .001) than their peers
with fewer waves of data. We dealt with the missing
data through FIML estimation. We also used a mul-
tiple imputation approach with 20 imputed data sets
and achieved the same results.

Analytic Plan

We used multilevel models to address the study
questions by assigning Level 1 to time and Level 2 to
students while accounting for classroom-level random
effects. Level 1 key predictors included metacognitive
skills, growth mindset, and time. At Level 2, we
explained the variation in students” average level of

math engagement across the 4 years by including stu-
dent-level covariates. We also investigated the interac-
tions among metacognitive skills and growth
mindset. Finally, we used multigroup analysis to test
whether the individual and interaction effects of
metacognitive skills and growth mindset varied by
students from low-SES and high-SES schools.

Measurement equivalence was assessed to ensure
that the content of each item in the measures of
math engagement, metacognitive skills, and growth
mindset was perceived and interpreted in the same
way across different groups. We found empirical
support for scalar invariance of these underlying
constructs across time and SES (see Supporting
Information).

Results

Individual and Interaction Effects of Metacognitive
Skills and Growth Mindset

Table 5 presents the means, standard deviations,
and correlations for each predictor and outcome
variable. As shown in Table 6, there was a linear
decline in math engagement over 4 years. In addi-
tion, students’” metacognitive skills were positively
associated with changes in math engagement over
time, suggesting greater metacognitive skills pro-
tected against the normative rate of decline in math
engagement. Growth mindset did not predict math
engagement for students from low-SES schools,
though it positively predicted math engagement for
students from high-SES schools. This finding sug-
gests that the nonsignificant effect of growth mind-
set on math engagement found in Studies 1 and 2
was unique to students from low-SES schools.
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Table 6
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Multilevel Model Predicting Mathematics Engagement Over Four Years in Study 3 (n = 2,325)

Model 1: Unconditional model

Model 2: Main effects Model 3: Interaction effects

Low-SES High-SES Low-SES High-SES Low-SES High-SES
Variables schools schools schools schools schools schools
Level 1 (time)
Time —.09 (01)***  —.09 (.01)***  —.07 (.02)***  —.03 (.01)** —.08 (.02)***  —03 (.01)**
Math metacognitive skills A48 (.02)%** A7 (.02)%** 49 (.02)%** A7 (.02)%**
Math growth mindset .02 (.02) .04 (.01)** .02 (.02) .03 (.01)**
Metacognitive skills x Growth — — .09 (.04)* —.06 (.02)**
mindset
Teacher-student relationship 14 (.02)%** 10 (.01 )*** 14 (L02)%** 10 (.02)***
Math achievement —.01 (.01) .01 (.01) .00 (.01) .00 (.01)
Level 2 (student)
Grade level —.04 (.02)** —.06 (.01)** —.04 (.02)** —.06 (.01)***
Male (vs. female) —.01 (.06) —.14 (.03)***  —.01 (.06) —.14 (.03)***
White (vs. African American) .03 (.04) .08 (.08) .03 (.04) .08 (.08)
Free/reduced-price lunch —.14 (.06)* —.21 (03)***  —.14 (.06)* —.21 (.03)***
(vs. paid)
—2log likelihood —6,430.71 —4,499.85 —4,494.87
Akaike information criterion 12,877.43 9,047.69 9,041.73
Bayesian information criterion 12,931.50 9,129.19 9,212.64
Note. The values in the parentheses indicate standard errors. SES = socioeconomic status.
*p <.05. *¥*p < .01. ***p < .001.
The interaction effect (see Model 3, Table 6) Discussion

revealed that the association between students’
growth mindset and engagement varied by
metacognitive skills and the interaction effect did
not differ by time. This finding was consistent,
although in opposite directions for students from
both low- and high-SES schools (ES = .06 for low-
SES schools; ES = —.04 for high-SES schools). The
plot in Figure 3 shows that among students from
low-SES schools, the effect of the growth mindset
was nonsignificant for those with low metacogni-
tive skills (B = .39, t = 1.10); however, the effect of
the growth mindset was positive for those with
high metacognitive skills (B = .59, t = 2.09). Similar
to the findings of Studies 1 and 2, growth mindset
only predicted math engagement positively for stu-
dents from low-SES schools when those students
had high metacognitive skills. For the high-SES
schools (see Figure 4), growth mindsets compen-
sated for the relation to engagement when students
had low metacognitive skills (B = .52, t = 1.07), but
when students had high metacognitive skills, the
growth mindset effect was less salient (B = .43,
t =0.97).

Mathematics engagement serves as a pipeline to
educational success and attainment; yet, math
engagement declines during the developmental per-
iod of adolescence. These three studies examined
the underlying metacognitive and motivational fac-
tors that can attenuate this decline.

Guided by SRL theories (Zimmerman, 2000)
and the integrative development-in-sociocultural-
context model (Wang et al., 2019), we investi-
gated the individual and interactive effects of
growth mindsets and metacognitive skills on
adolescent math engagement, particularly in low-
SES schools. Critically, we addressed the call to
evaluate in which contexts and for whom growth
mindsets and metacognitive skills contribute to
math engagement. Across the three longitudinal
studies, results revealed consistent patterns across
contexts and time span in terms of school socioe-
conomic background: In sum, it takes both a
growth mindset and metacognitive skills to dee-
ply engage in math, thereby supporting our
guiding theories.
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Individual and Interaction Effects of Metacognitive
Skills and Growth Mindset

All three studies showed that metacognitive
skills positively predicted math engagement. These
individual contributions existed regardless of the
school’s SES and the time scale of the study design,
illuminating that metacognitive skills have a robust
link with engaging in math: If students had high
metacognitive skills, then they were more likely to
engage in math. Unlike metacognitive skills, the
adoption of a growth mindset revealed a different
pattern. Growth mindset did not predict math
engagement for students from low-SES schools

irrespective of the timeframe of the study, but it
did for students from high-SES schools. In other
words, the nonsignificant individual effect of
growth mindsets on engagement was unique to stu-
dents from low-SES schools.

Despite its promise of promoting student learn-
ing, there has been debate regarding whether
growth mindsets benefit all students across differ-
ent school contexts (Miller, 2019). Although growth
mindsets send a positive message about the nature
of learning, researchers have indicated that this
mindset needs particular contextual support to
align before it is effective (see Yeager et al.,, 2019).
These contextual factors could create an



environment that supports students” use of learning
strategies and allows them to see improvement in
their learning. Unfortunately, low-SES schools tend
to have limited resources and supports to help stu-
dents with growth mindsets associate their efforts
with positive learning outcomes (Wang et al., 2019).
In fact, research has shown that students from
urban school districts frequently encounter
underqualified math teachers, limited learning
resources, and stereotype threat (Nasir, 2019;
Osborne & Walker, 2006), all of which undermine
students” access to math learning opportunities.
Therefore, it is imperative to identify the necessary
instructional supports and learning skillsets for nur-
turing adaptive mindset beliefs so that students
from socioeconomically disadvantaged backgrounds
can benefit from growth mindsets alongside their
higher SES peers.

In these three studies, we sought to take the first
steps in understanding the variation of student
engagement by socioeconomic context. These stud-
ies all revealed an interaction between growth
mindset and metacognitive skills on math engage-
ment. For low-SES schools, the interaction sug-
gested that growth mindsets work to engage
students only when students have appropriate
metacognitive skills. In other words, believing that
you can improve your math ability through effort is
only useful when you have the tools to help you
realize this growth (e.g., knowing how to regulate
one’s learning process to make progress). If stu-
dents have adequate metacognitive skills, then they
can monitor their understanding and evaluate when
progress is being made, thus creating opportunities
for students to implement and experience growth
mindset messages. For example, having adequately
using metacognition provides students the ability to
monitor their learning, recognize areas of improve-
ment or progress, and identify ways to be more
productive learners in subsequent learning experi-
ences. This interpretation is consistent with prior
work showing that students who received a
metacognitive intervention had higher growth
mindsets and better learning outcomes than stu-
dents in a control condition (Zepeda, Richey, Rone-
vich, & Nokes-Malach, 2015). Hence, metacognition
organically creates support for a growth mindset by
conveying the message “you can improve, and you
have control over improving.” That is, for the seed
of the mindset to grow, students need adequate
soil; and from this work, we find that metacogni-
tion is one nutritional aspect of the soil that allows
for growth mindsets to blossom. Further, having
adequate use of metacognition in conjunction with
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a growth mindset allows for students to be more
engaged with math, as they have the means to both
progress in their learning and interpret their learn-
ing experiences in a positive and meaningful
manner.

It is noteworthy that socioeconomically disad-
vantaged students with a high growth mindset but
low metacognitive skills had lower engagement. In
other words, solely holding a growth mindset with-
out the adequate metacognitive skills to regulate
learning could be detrimental to engagement in
learning. After multiple attempts of trying to learn
and putting forth effort to do so (e.g., growth mind-
set), a student may feel helpless if they cannot
experience mastery, especially if they do not know
how to reflect upon or change their means of
understanding. Hence, it might be risky to solely
focus on promoting growth mindsets without ade-
quate support for maintaining it. For instance, edu-
cators may attribute socioeconomically
disadvantaged students’ low engagement to fixed
mindsets rather than focusing on how to change
their teaching to better support these students’
development of metacognition.

Additionally, students from low-SES schools had
lower metacognitive skills on average than their
peers in high-SES schools, but there were fewer dif-
ferences in students’ growth mindsets between low-
and high-SES schools. This finding suggests that
low-SES schools might be deficient in supporting
students’” use of metacognition. One reason for this
deficit might be that teachers tend to believe that
only high-performing students can benefit from
higher-order skills such as metacognition (Warbur-
ton & Torff, 2005; Zohar, Degani, & Vaaknin, 2001);
yet, studies have refuted this viewpoint (e.g., Car-
delle-Elawar, 1995). Teaching metacognition not
only helps students with distinct achievement reap
the benefits of a growth mindset, but it also pro-
vides students with equitable access to learning
activities.

In Study 3, we found that the direction of the
interactions between growth mindsets and metacog-
nitive skills differed between low- and high-SES
schools. These findings echo the importance of situ-
ating the study results within context (Wang et al,,
2019). For students from high-SES schools, growth
mindsets may compensate for the lack of metacog-
nition and work to engage students only when stu-
dents have low metacognitive skills. Indeed,
students with low metacognitive skills in high-SES
schools were likely lower achieving students who
were stigmatized or who have received less recog-
nition and lower expectations from teachers (Wang
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et al, 2020). Thus, these academically struggling
students may first need to believe they can do math
and become better with effort so that they can be
motivated to initiate and continue their learning. In
contrast, many students from the low-SES schools
in our study appeared to be struggling with learn-
ing math, as evident by the low math performance
from those schools. Hence, solely promoting a
growth mindset (e.g., telling them they can do math
and improve at it) is probably not as effective as
promoting a growth mindset while simultaneously
providing them with adequate skills and learning
support to process and make sense of math materi-
als (e.g., telling and showing them they can do
math and improve at it). Consistent with other
studies, these results provide evidence that having
a growth mindset can be beneficial for students;
however, mindsets and other related psychological
beliefs are not the major explanation of the oppor-
tunity gap between low- and high-SES school set-
tings (Destin et al., 2019).

It is also plausible that a learner cannot reap the
benefits of a growth mindset without some basic
levels of metacognitive skills. For instance, students
in low-SES schools had very low levels of metacog-
nitive skills; therefore, solely having a growth
mindset may not have been sufficient enough to
engage them in math learning. Indeed, only those
with higher metacognitive skills benefitted from a
growth mindset. In contrast, students in the
high-SES  schools (even students with lower
metacognitive skills) had relatively higher levels of
metacognitive skills than their peers in low-SES
schools, perhaps explaining why students from
high-SES schools benefitted from growth mindsets
(i.e., because they have the basic metacognitive
skills). Future work should identify the level to
which these metacognitive skills may help facilitate
growth mindsets and how to provide psychological
and cognitive support to best increase student
engagement and learning in mathematics.

Furthermore, teachers clearly play a critical role
in the quality of math instruction, the promotion of
growth mindsets and metacognitive skills, and stu-
dent engagement. Studies have suggested that
teaching quality varies by teacher—student relation-
ship and that the teacher—student relationship is an
important indicator of teaching quality (e.g., Roorda
et al., 2011). Our findings show that the teacher—
student relationship is positively related to math
engagement; thus, we should not rule out the
importance of the teacher-student relationship in
promoting engagement in academic learning. In
particular, teachers from low-SES schools have less

resources and often contend with higher student
behavioral problems that may impede instructional
quality and their ability to spend time on develop-
ing supportive teacher—student relationships (Wang
et al., 2020). Future studies should investigate how
students” growth mindsets and metacognitive skills
may interact with the teacher—student relationship
in shaping math engagement.

Limitations

This work is a first step into examining the inter-
active relations between metacognition and mind-
sets on math engagement within low-SES schools.
More work can examine the extent to which these
patterns are robust across different contexts (e.g.,
content domain, classroom climate). For example,
considering that math often comes with negative
attributions and prompts maladaptive emotions
from students, these patterns might look different
in elective courses (e.g., foreign language) in which
there might be fewer motivational challenges and
consequences. Examining whether these patterns
exist for schools in other areas or countries where
there are different curricula and standards is also
important, as those standards may have implica-
tions for what and how the material is taught and
emphasized. Moreover, there may be teacher effects
such that teachers in low-SES schools who seek to
create an inclusive, equitable environment in which
they teach students metacognitive skills and
emphasize adaptive beliefs have patterns similar to
that of students from high-SES schools.

Additionally, the ability mindset (also referred to
as theories of intelligence) has been often assessed
with items addressing fixed mindset beliefs to
ensure measurement consistency across literature
and avoid social desirability of respondents. The
two ends of the scale (i.e., fixed and growth mind-
sets) are treated as equivalent, with the fixed items
typically being reverse scored to indicate the degree
to which people have a growth mindset. However,
some researchers have argued that most people
may hold both growth and fixed mindsets simulta-
neously, with each mindset having its own unique
process and associated learning outcomes (Hwang
et al.,, 2019; Wang et al., 2019). Thus, future studies
should include and differentiate entity and incre-
mental theory items to investigate whether the
endorsement of a growth versus a fixed mindset
leads to different learning outcomes.

Another limitation is the use of self-report to mea-
sure students’” metacognitive skills and growth
mindsets. Although self-reports are often critiqued



for whether students are accurately reporting their
internal beliefs and skillsets, studies have shown that
adolescents’ self-reports are strongly predictive of
their academic and behavioral outcomes (Wang
et al., 2021; Wang & Degol, 2014). To further unpack
this work, future studies need to assess these vari-
ables with behavioral or observational assessments
to determine whether different assessment methods
reveal similar outcomes. Although students have
been identified as reliable reporters of certain dimen-
sions of engagement (e.g., cognitive engagement;
Reschly & Christenson, 2012), it is imperative for
future research to include other approaches to pro-
vide a more comprehensive picture of engagement
over multiple assessments. For example, researchers
have suggested that teachers and school record data
can provide useful and complementary information
on behavioral engagement (Wang et al, 2019).
Future studies should also include additional out-
comes (e.g., test scores) and investigate whether dif-
ferent mechanisms may be involved in the learning
process (e.g., the indirect effect of metacognition and
mindset on academic performance through engage-
ment). Finally, given the nature of the data from
these studies, we were only able to examine correla-
tional links between underlying factors. Future
experimental designs are needed to examine whether
these relations are causal.

Implications for Research and Practice

This work has several implications for practice
and research. Our findings present an important
caveat to recent grand-scale educational movements
promoting growth mindsets: It is imperative that
educators recognize that growth mindsets alone
may not be effective, especially without considera-
tion of school contexts. In fact, such practices may
even be detrimental for students at low-SES
schools. Therefore, teachers should focus on creat-
ing learning environments that both support
metacognitive skills (see Schneider & Artelt, 2010;
Zepeda et al., 2019) and promote growth mindsets
(see Yeager et al., 2019), with more emphasis being
placed on the former in low-SES contexts. Support-
ing the development of metacognitive skills along-
side a growth mindset creates a complementary
support system in which students have the ability
to monitor, control, and direct their learning (i.e.,
metacognitive skills) as well as the means to inter-
pret their learning progress adaptively (ie., a
growth mindset).

Regarding implications for research, the interac-
tions between metacognition and growth mindsets
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for different school contexts provide new insights
into learning theories. In particular, much extant
work emphasizes that metacognition and motiva-
tion build upon each other: The more of one
construct, the more of another. In the case of math
learning, we find that it is not enough to just have
a growth mindset—students also need the metacog-
nitive skills to act upon this mindset. Understand-
ing the constraints and thresholds of how much or
the specific type of metacognitive skill that is
enough to boost growth mindset (and vice versa)
and the parameters of these factors will further
advance learning theories and inform practice in
education.

When designing math interventions to support
growth mindsets and metacognitive skills, a neces-
sary first step is to understand the learning environ-
ments that their student populations experience
(e.g., classroom norms, teaching styles, curricular
focus). Researchers can then use this information to
better develop context-specific interventions. For
instance, if students have low levels of metacogni-
tive skills, then the intervention should focus on
developing and providing continued support for
those skills. When considering how to best integrate
an intervention addressing both the use of metacog-
nitive skills and growth mindset, educators need to
dig deeper so as to facilitate these elements through
authentic practice, positive reinforcement, and con-
structive  feedback. Critically, interventionists
should collaborate with math teachers and itera-
tively solicit students” feedback on the materials to
understand if they are relevant and informative
from the student perspective.

Implicit in these implications is a resounding
underlying message: Context matters. It is impera-
tive that future work accounts for differential envi-
ronmental stressors and challenges as well as
societal and historical barriers experienced by ado-
lescents. At a minimum, future research should
contextualize not only who the participants are and
the time frame between measures, but it should
also consider the learning environments in which
participants are situated. This contextualization will
allow researchers to better understand how differ-
ent relations or intervention effects emerge based
on the interactions in a given environment. By tak-
ing a development-in-context perspective, we have
revealed novel insights into the nature of learning
(Turner & Nolen, 2015; Wang et al., 2019), but
many questions remain. Further work examining
the environmental conditions of differing learning
contexts will help answer questions around for
whom, when, and in which contexts SRL and
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engagement theories are most effective for facilitat-
ing student engagement and achievement.
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