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This study examined the relationship of intelligence mindsets to math achievement for
primary school students in the Chinese educational context, as well as the mediating
function of math self-efficacy and failure beliefs in this relationship. Participants included
466 fifth graders (231 boys and 235 girls) from two Chinese primary schools. Results
indicated that boys had significantly higher mean levels of growth mindsets and math
self-efficacy than girls, whereas boys had no statistically significant differences to girls on
failure beliefs and math grade. Further, intelligence mindsets had a significant positive
effect on math achievement, and failure beliefs and math self-efficacy played a full
mediating role in the relationship between intelligence mindsets and math achievement.
Moreover, intelligence mindsets affected math achievement through the chain mediating
role of failure beliefs and math self-efficacy. These above findings contribute to advance
our knowledge about the underlying mechanisms through which intelligence mindsets
affect math achievement, which are of great significance to students’ growth and current
educational practice.
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INTRODUCTION

Mathematics is a very important tool subject, which occupies students’ learning life from
kindergarten to university and even higher level. Studies have established that a solid foundation
of mathematics is essential to the professionalization of all professions. If you are not good
at mathematics, it is difficult to engage in activities related to STEM (Science, Technology,
Engineering, and Math), let alone engage in STEM careers (Wang and Degol, 2017).

However, the idea that math is only for some people has deep roots in the field of mathematics.
Researchers surveyed scholars in various disciplines at US universities and found that among all
STEM fields, math scholars were the most extreme in emphasizing fixed, innate abilities (Leslie
et al., 2015). The single belief—that math is a “gift” that some people have and others do not—is
responsible for much of the widespread math failure and underachievement in the word (Boaler
and Dweck, 2016).

In fact, almost all students have the ability to learn math well and enjoy it, which depends
on the individual’s mindset. Everyone has a intelligence mindset (also called implicit theory of
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intelligence), a basic belief about whether intelligence is
fixed or malleable (Dweck, 2006). Two different types of
intelligence mindsets can be distinguished: growth mindset
and fixed mindset. A growth mindset believes that intelligence
or ability can be constantly developed and changed with
people’s experience and learning. Correspondingly, a fixed
mindset, believes that intelligence is predetermined, limited and
unchangeable. General beliefs about intelligence across domains
have also been expended to the incremental or entity views of
particular domains like STEM or stereotypically masculine tasks
(Moe et al., 2009; Patterson et al., 2016).

Intelligence mindsets would be a major influence on
individual’s academic and emotional experience, leading to
different cognition—emotion—behavior responses in the face
of academic success, failure and challenge, which in turn
affect an individual’s learning behavior, academic achievement,
learning motivation, and psychological health status. Research
has indicated that individuals with different intelligence mindsets
have differences in achievement goals, especially in their
responses to failures. A fixed mindset orientation is more
concerned about performance goals and focuses more on
score, ranking, and grade. On the contrary, a growth mindset
orientation values mastery goals and focuses more on the mastery
of knowledge and the improvement of ability. In addition, in
the face of difficult tasks, a growth mindset orientation with
mastery goals shows more resilience and makes more efforts
to analyze their “not yet acquired” abilities and methods to
overcome the difficulties. However, a fixed mindset orientation
with performance goals will shrink back when they encounter
challenges and difficulties, and they will be more likely to
believe that the difficulties are due to the limitation of their
own abilities. Therefore, individuals with growth mindsets have
stronger learning motivation and self-efficiency, become more
actively involved in learning, and improve their grades faster
(Dweck, 2006).

Intelligence Mindsets and Academic

Achievement
Students’ intelligence mindsets have an essential role in their
academic achievement. A review of findings based on the
relevant articles published from 1998 to 2017 illustrated that
intelligence mindsets served to affect academic achievement
in most studies (Zhang et al, 2017). Similar results were
found in the Programme for International Student Assessment
(PISA). For example, data analysis results of PISA 2012 showed
that, on average across OECD countries, the highest achieving
mathematics students were those with a growth mindset, and
they outranked their counterparts by the equivalent of more than
a year of mathematics (Boaler and Dweck, 2016). Also in PISA
2018, students with a growth mindset scored 32 points higher
in reading than those with a fixed mindset, after accounting for
the socio-economic profile of students and schools (Schleicher,
2019).

However, the impact of intelligence mindsets on academic
achievement is not stable and regional and cultural differences
might exist. Students from Asia, Oceania, and North America

were reported to have a positive correlation between growth
mindset and academic achievement, while students from Europe
showed a positive correlation between fixed mindset and
academic achievement (Costa and Faria, 2018). Fixed-oriented
individuals are eager to get good grades to prove their own
ability. However, growth-oriented individuals do not attach
great importance to achievements; vs. the belief that good
achievements are a byproduct of their love for learning (Dweck,
2006). Therefore, the effect of intelligence mindsets on academic
achievement may have complex psychological mechanisms,
which have received only little attention.

Academic Self-Efficacy and Failure Beliefs

as Mediators

Academic Self-Efficacy as a Mediator

Academic self-efficacy refers to the belief in one’s capabilities
to master new skills and tasks in a specific academic domain
such as mathematics (Bandura, 1997). Previous studies have
reached a consensus that academic self-efficacy was an important
construct to explain students’ achievement-related behaviors
related to learning and performance (Schunk, 1989; Pajares, 1996;
Chemers et al., 2001; Choi, 2005; Komarraju and Nadler, 2013;
Macphee et al., 2013). Self-efficacy beliefs can not only predict
a student’s performance in mathematics such as the accuracy of
mathematical operations and the ability of mathematic problem-
solving (Schunk and Hanson, 1985; Pajares and Miller, 1994),
but also can decrease mathematics anxiety (Samuel and Warner,
2019). Also, it has demonstrated that students with a stronger
self-efficacy showed greater persistence on difficult math items
than those with lower self-efficacy (Collins, 1982).

Students’ intelligence mindsets may play a role through
the stable academic self-efficacy within individuals. Martocchio
(1994) found that self-efficacy increased for students with a
growth mindset vs. decreased for those with a fixed mindset in
the face of a challenging computers course. Samuel and Warner
(2019) found that college students’ self-efficacy in math was
increased through a combination intervention of mindfulness
and intelligence mindsets. Mcwilliams (2014) found that students
with a growth mindset tend to make internal attributions and
have a strong sense of academic self-efficacy. Additionally, results
of PISA 2018 also indicated that a growth mindset was positively
correlated with students’ general self-efficacy.

However, students from grade 6 to 8 who received special
education due to reading disabilities were investigated, and
an intelligence mindsets intervention was conducted on the
experimental group. Results showed that this intervention
could significantly improve the learning motivation level of the
experimental group, but there was no significant difference in
self-efficacy and academic achievement between the experimental
group and control group (Rhew et al., 2018).

The inconsistent results of previous studies may be due to
the fact that the role of academic self-efficacy has not been fully
explored and needs to be further investigated.

Failure Beliefs as a Mediator
Failure beliefs (Nishimura et al., 2017; Stern and Hertel, 2020)
are a way of thinking that views failures as either an enhancing
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or debilitating experience. Different failure beliefs would lead to
different characteristic response patterns to academic difficulties.
A failure-is-enhancing belief views failure as an enhancing
experience that promotes learning. In the face of academic
failures, individuals with this kind belief are more likely to adopt
effort-based attributions and then would to engage in positive,
effort-based coping strategies. In contrast, a failure-is debilitating
belief views failure as an impairing experience that inhibits
learning. Those students tend to adopt ability-based attributions
and then would engage in negative, effort-avoidant coping
strategies when encountering academic difficulties (Haimovitz
and Dweck, 2016).

Different failure beliefs could lead to different learning
outcomes. Dweck and Gilliard (1975) found that altering
attributions for failures from low-ability to low-effort would
enable learned helpless children to improve their problem-
solving ability. Blackwell et al. (2007) established that students
who make fewer ability-based helpless attributions would choose
more positive, effort-based strategies to copy with failures,
improving their math scores.

Different intelligence mindsets would set up different patterns
of response to the threat of failures (Dweck et al., 1995b;
Robins and Pals, 2002; Whittington et al.,, 2017). Relative to
those with a fixed mindset, students with a growth mindset
have been found to express less fear of failure and set up a
more mastery-oriented pattern rather than a helpless response
pattern in the face of academic setbacks. Specifically, they were
more likely to make low-effort instead of low-ability attributions
for failures and apt to employ positive strategies, such as the
development of better strategies and work harder under failure,
rather than negative strategies, such as an avoidance of challenge
and effort withdrawal.

Students’ intelligence mindsets may have few effects on
academic achievement until challenges or setbacks or failures
are present (Dweck, 2002, 2008; Grant and Dweck, 2003). In
other words, the effect of intelligence mindsets on achievement
becomes stronger in the face of failure. Therefore, the effect of
intelligence mindsets on math achievement in challenging and
demanding situations should be further examined.

Academic Self-Efficacy and Failure Beliefs as a Chain
Mediator
Academic self-efficacy and failure beliefs were associated with
one another. Effort attribution feedback on success or failure
can increase students’ academic self-efficacy (Schunk, 1989).
Conversely, the more individuals attribute failure to ability
and task difficulties, the lower their expectations of future
success (Weiner, 1986). Attribution style was also found as the
strongest predictor of self-confidence in math (Kloosterman,
1988). Moreover, the ways educators discuss success, failure,
and challenges with students can also have a strong impact on
improving academic self-efficacy. Educators can help students
build self-efficacy by portraying failure as a positive aspect
of learning while emphasizing the importance of persisting in
overcoming these challenges (Rhew, 2017).

At the same time, academic self-efficacy has been revealed to
play important roles in shaping people’s attributions for failures

and in their behavioral responses to attributions for failures
(Dixon and Schertzer, 2013). Students with low self-efficacy may
avoid accomplishing a task, whereas those who believe in their
abilities should participate more eagerly. Especially in the face of
setbacks and failures, a confident person ought to work harder
and persist longer than those who doubt their abilities (Schunk,
1989). Similarly, in the face of failures, students with high self-
efficacy would make low-effort attributions, while those with low
self-efficacy would make low-ability attributions (Ganguly et al.,
2017; Song et al., 2020).

Influence of Gender

For a long time, traditional math-gender stereotypes were very
popular. Mathematics was considered as a “male subject,” that is,
males are good at math and perform better in math than females
(Cvencek et al., 2011; Moe, 2018). In contrast, traditional math-
gender stereotypes were rejected in some studies, where girls are
believed to be as good as boys in math or even perform better in
math than boys (Passolunghi et al., 2014). Based on the analysis
of empirical data, it is also found that contradictory results
often occur in the gender difference in math achievement. For
example, in PISA 2012, out of 72 participating countries (regions
or economies), boys’ math scores were statistically significantly
higher than girls in 28 countries (regions or economies),
while girls’ math scores were significantly higher than boys’ in
7 countries.

Math-gender stereotypes were found to affect both boys’
and girls’ self-perception of math ability. Therefore, the gender
difference in math self-efficacy is also inconsistent. Several
findings have indicated that girls had lower levels of math
self-efficacy than boys (Middleton, 1999; Diseth et al., 2014).
In contrast, other studies have observed the opposite, that is,
girls were more self-efficacious in math than boys (Guvercin,
2008). Also, the well-established gender difference in math self-
efficacy was not observed in some studies, that is, gender had no
significant effect on math self-efficacy (Passolunghi et al., 2014).

Regarding gender differences in intelligence mindsets, few
studies have been conducted. Findings obtained by Spinath et al.
(2003) suggested a significant positive correlation with growth
mindset for women. While Diseth et al. (2014) found that girls
had weaker growth mindsets than boys. Gender was also found
to be unrelated to intelligence mindset in other studies (Burnette,
2013).

Concerning gender differences in failure beliefs, compared
to boys, girls (especially high-achieving girls) were reported
to have a lower tendency for new and challenging tasks and
tend to endorse ability-based attributions (Chen, 2012). Whereas
some studies reported that very small differences in failure or
success attribution exist among boys and girls no matter they are
advantaged or disadvantaged SES (Bar-Tal et al., 1984).

Overall, previous studies represent high inconsistency and
more studies are needed to illuminate the influence of gender.

The Present Study

These previous findings summarized above show that intelligence
mindsets, failure beliefs, math self-efficacy and math achievement
do correlate with each other, and it is very important and
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meaningful to understand the influencing mechanism between
these variables. However, based on these prior findings, there are
still some questions that need to be further investigated. First,
the inconsistent results of previous studies as mentioned above
call for further investigation of the relationship between these
variables. These inconsistent results may be related to cultural
background. For example, the theory of intelligence mindsets has
been found to be culturally shaped in previous studies (Stevenson
et al., 1990; Morris and Peng, 1994; Dweck et al., 1995b; Costa
and Faria, 2018). However, at present, few researches have been
conduct with Eastern cultures, such as Chinese culture (Zeng
et al., 2016; Zhao et al., 2018). As far as we know, no empirical
research has been conducted to exam the effect of intelligence
mindsets on academic achievement in the context of Chinese
education. Therefore, this study investigated, for the first time,
the relationship of intelligence mindsets to math achievement for
Chinese students.

Second, why is intelligence mindset related to math
achievement? Although many researches have indicated that
mindsets play important roles in math achievement, few studies
have investigated the underlying mechanisms through which
mindsets correlate with achievement (Blackwell et al., 2007).
As far as we know, our full model of the relationships between
intelligence mindsets, failure beliefs, math self-efficacy, and math
achievement has never been investigated before. Therefore, this
study would contribute to advance our knowledge about the
underlying mechanisms through which intelligence mindsets
affect math achievement.

Based on previous research findings and our theoretical
model, the following hypotheses are proposed:

e Hypothesis 1: boys have higher levels of growth mindset, math
self-efficacy, failure beliefs and math achievement than girls;

e Hypothesis 2: growth mindset is positively related to
math achievement;

e Hypothesis 3: growth mindset can positively predict math self-
efficacy, and math self-efficacy can positively predict math
achievement, as well as playing a mediation role between
intelligence mindsets and math achievement;

e Hypothesis 4: growth mindset can positively predict failure
beliefs, and failure beliefs can positively predict math
achievement, as well as playing a mediation role between
intelligence mindsets and math achievement.

e Hypothesis 5: math self-efficacy can positively predict failure
beliefs, as well as math self-efficacy and failure beliefs
sequentially mediate the relationship between intelligence
mindsets and math achievement.

MATERIALS AND METHODS

Participants

We gathered convenient samples from two public primary
schools in Urumgi, the capital city of Xinjiang Uygur
Autonomous Region located in the northwest border of China.
These two participating schools are located in the urban areas
of Urumgqi city, with various educational indicators that near
the average education level of China. All fifth grade classes in

each participated school, a total of eight classes, participated in
this study.

Four hundred and sixty six fifth graders (ages ranging from
10 to 12 years) were recruited in total, which consisted of 231
(49.6%) boys and 235 (50.4%) girls. Participants were varied in
ethnicity, among which 355 (76.2%) were Han, 45 (9.7%) were
Uighurs, 43 (9.2%) were Hui, 10 (2.1%) were Kazak, and 13
(2.8%) were other nationalities.

A questionnaire survey was carried out in the classroom,
taking a class as a unit, and within 15 min. One of the research
assistants informed all participants that all of their responses
would only be used for research purposes and encouraged them
to provide honest answers in the questionnaire.

Measures

All scale items were rated on a six-point Likert scale from 1
(strongly agree) to 6 (strongly disagree). Items were reverse-scored
if necessary.

Intelligence Mindsets Scale

Three items (Dweck, 2006) were adopted to measure participants’
fixed mindset, e.g., “you can’t really change how intelligent you
are.” Fixed mindset items rather than growth mindset items were
chosen because growth items sometimes create an acquiescence
bias (Claro et al., 2016). As two items in the scale were tautology
after being translated into Chinese, only two items were retained
in the final survey. These items were reverse-scored and then
mean score of these two items was calculated as intelligence
mindsets score, with a higher score indicating a stronger growth
mindset (M = 4.53, SD = 1.35). The Cronbach’s a coefficient for
intelligence mindsets scale was 0.81.

Math Self-Efficacy Scale

Three items were selected from the PALS (Midgley et al., 2000)
to measure participants’ confidence in their ability to master
math skills, e.g., “I am good at math.” The mean score of these
three items was calculated as the math self-efficacy score, with a
higher score indicating a higher confidence in their math ability
(M = 5.14, SD = 0.75). The Cronbach’s a coefficient for math
self-efficacy scale was 0.73.

Failure Beliefs Scale

The failure beliefs scale consisted of failure attributions and
coping strategies subscales. Four items were used to measure
participants’ characteristic response patterns to mathematical
difficulties (Blackwell et al., 2007). Among these items, two were
used to measure students’ failure attributions, that is, students
rated the extent to which they believed their abilities or other
factors contributed to the failure, e.g., “if I failed to pass my
math test, it's because I'm not smart enough.” The remaining
two items were used to measure students’ coping strategies
for failures, that is, students rated how likely they were to
adopt positive strategies, e.g., “if I failed to pass my math test,
I would spend more time studying before the exam.” Some
of the items were negative statements and therefore were reverse-
scored before data analysis. Then mean score of these four
items was calculated as failure beliefs score, with a higher score
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indicating a more positive response to failures (M = 5.37,
SD = 0.7). The Cronbach’s a coefficient for failure beliefs scale
was 0.69.

Math Achievement

For many students, mathematics is a challenging subject that
can trigger the distinctive motivational patterns associated with
intelligence mindsets, which may not manifest themselves in low-
challenge situations (Blackwell et al., 2007). Thus, math scores
on the Urumgi’s assessment of education quality in the spring
term of fifth grade served as the measure of math achievement
(M = 89.58, SD = 17.09, range = 0-100). Test questions
of this assessment were mainly those that reflected the basic
requirements of National Mathematics Curriculum for primary
students. All fifth graders in Urumgi studied under the same
mathematics curriculum and took the same exam.

Data Analytic Procedures

Data analysis subsequently included the following steps. First,
analysis of statistical description and correlations of all study
measures were calculated with SPSS21.0 software. Second,
independent sample ¢-tests were performed to test the mean
differences between boys and girls regarding all the study
measures. Third, structural equation modeling (SEM) was
conducted to examine the relationships between all study
measures using M-plus7.0 software. Fourth, a bootstrapping
method was used to test the mediating effect of math self-efficacy
and failure beliefs. Lastly, multi-group analysis was conducted to
test the structural differences of the full model by genders.

RESULTS

Common Method Bias Test

Common method biases may happen due to self-report methods,
so Harman’s single factor analysis was carried out to test the
common method biases. Results showed that a total of four
factors were extracted and the first factor explained 31.76% of
the variance variation, which was less than the critical standard
40%, indicating that common method bias in this study was
not obvious.

Descriptive Analysis and Intercorrelations
Students were classified into three different mindset categories
according to their average intelligence mindsets score (Claro
et al, 2016): students who scored from 1 to 2 points were
categorized as “fixed mindsets;” those who scored from 5 to
6 points were categorized as “growth mindsets;” and those
who scored from 2.1 to 4.9 points were categorized as “mixed
mindsets,” with 9.0, 58.2, and 32.8% falling into each category,
respectively. Apparently, those participants were, more likely
to have a growth mindset, which is consistent with previous
research results under the same cultural background (Stevenson
et al., 1990; Dweck et al., 1995a).

The distribution of math grades showed that 94% of the
students scored above 60 and reached the basic requirements
of the curriculum standard, which was in line with the
results of national mathematics large-scale assessments for

compulsory education (Liu et al., 2014). Chinese students have
been outstanding in mastering basic math knowledge and
basic skills for a long time and have excelled in international
assessments of mathematics achievement (Ni et al., 2011). The
present assessment, which focused on students’ mastery of basic
knowledge and basic skills, got an average score of 89.58 as
expected. At the same time, the standard deviation was 17.09
and the minimum score was as low as 20, indicating a tendency
toward polarization on math grade.

Correlation analysis results (see Table1) showed that
intelligence mindsets, math self-efficacy, failure beliefs, and math
grade formed a network of interrelated variables as expected.
Specifically, intelligence mindsets was significantly positively
correlated with math self-efficacy (r = 0.126, p < 0.01), failure
beliefs (r = 0.214, p < 0.01), and math grade (r = 0.166, p <
0.01). Math self-efficacy was significantly correlated with failure
beliefs (r = 0.443, p < 0.01). Moreover, both math self-efficacy
and failure beliefs were positively related to math grade (r =
0.319, p < 0.01; r = 0.301, p < 0.01).

Mean Differences

Independent sample ¢-tests were conducted to examine mean
level differences of these variables regarding gender. As shown in
Table 2, on average, boys had higher mean level scores on all the
variables. However, statistically significant differences were found
only on two variables. Compared to girls, boys have significantly
higher mean levels of growth mindsets and math self-efficacy (p
< 0.05). While no statistically significant differences were found
between boys and girls on failure beliefs (p = 0.165) and math
grade (p = 0.258).

Structural Equation Modeling

Structural equation modeling (SEM) was used to further examine
the relationship between all study measures. First, measurement
models were examined. Intelligence mindsets were indexed by
two items; math self-efficacy was indexed by three items; failure

TABLE 1 | Descriptive analysis and intercorrelations.

Measures Range M + SD 1 2 3 4
1. Intelligence mindsets ~ 1-6 4.53 + 1.35

2. Math self-efficacy 1-6 514 £0.75 0.126™

3. Failure beliefs 1-6 5.37 £ 0.70  0.214* 0.443*

4. Math grade 0-100 89.68 + 17.09 0.166™ 0.319* 0.301** -

N =466, "p < 0.01.

TABLE 2 | Mean differences by gender and t-test resullts.

Measures Range Boys Girls t
M + SD M + SD

Intelligence mindsets 1-6 4.68 +£ 1.32 4.37 £ 1.36 2.49*

Math self-efficacy 1-6 5.21 +£0.78 5.07 £ 0.73 2.05*

Failure beliefs 1-6 5.42 £ 0.71 5.33 + 0.69 1.39

Math grade 0-100 90.49 + 17.60 88.69 + 16.55 1.13

N = 231 for boys, N = 235 for girls, “p < 0.05.
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0.842***
" 0.184***
Intelligence —| Math Grade
Mindsets
0.806**> 0.089n.s.
IM2
FIGURE 1 | Full model. Along the bottom path, the coefficient above the arrow indicates the direct effect, and the coefficient below the arrow indicates the effect with
mediators. **p < 0.01, **p < 0.001.

beliefs were indexed by four items. Math grade was used as the
outcome variable. All the factor loadings ranged from 0.456 to
0.842 and were significant, indicating that all the measurement
indicators could be well-explained by the latent variables. Next,
a structural model was conducted to establish the structural
relationship between latent variables.

Results showed that the full model (see Figure 1) was well-
supported by the data (CFI = 0.943 > 0.9, TLI = 0915 >
0.9, SRMR = 0.049 < 0.08, RMSEA = 0.067 < 0.08) (Hu and
Bentler, 1999), and all proposed paths were significant. Growth
mindset can directly predict students’ math achievement, as well
as indirectly predict students’ math achievement through math
self-efficacy and failure beliefs. To be specific, growth mindset
significantly predicted math achievement (8 = 0.184, p < 0.001),
math self-efficacy (8 = 0.154, p < 0.01), and failure beliefs (8 =
0.198, p < 0.01); math self-efficacy significantly predicted math
achievement (8 = 0.241, p < 0.01) and failure beliefs (8 =
0.523, p < 0.001); and failure beliefs significantly predicted math
achievement (8 = 0.205, p < 0.01).

Mediating Modeling Analyses

The full model suggests that (a) failure beliefs mediate the
relationship between intelligence mindsets and math grade, (b)
math self-efficacy mediates the relationship between intelligence
mindsets and math grade, and (c) failure beliefs and math
self-efficacy chain mediate the relationship between intelligence
mindsets and math grade. To further test whether the mediating

effect was significant, a bootstrapping procedure with 10,000
bootstrap samples was used. If the bias-corrected (BC) 95%
confidence interval (CI) for the path coeflicient does not include
0, the mediating effect is significant.

As shown in Table 3, the direct relationship of intelligence
mindsets and math grade (8 = 0.184, p < 0.001) was found to
be mediated by math self-efficacy [ = 0.037, p < 0.01, 95%
CI = (0.007, 0.089)], failure beliefs [ = 0.041, p < 0.01, 95%
CI = (0.005, 0.108)], and math self-efficacy to failure beliefs
(8 = 0.017, p < 0.01, 95% CI = (0.002, 0.054)]. The fact that
the direct effect of intelligence mindsets on math grades was
no longer significant after the model controlled for math self-
efficacy and failure beliefs (8 = 0.089, p > 0.05), which indicated
a full mediation. The students with a growth mindset predicted
a higher sense of math self-efficacy, and then predicted a more
positive failure belief, which in turn contributed to students’
math achievement.

Multigroup Analysis of the Full Model

In order to explore whether the full model depicted in Figure 1
is equally valid across genders, a multi-group analysis was
conducted (Vandenberg and Lance, 2000; Yao and Yang, 2017).
As shown in Table 4, Model 1 (unconstrained model) has the
restriction that all coefficients allowed to vary across genders;
Model 2 restricted the measurement weights to be equal; Model
3 restricted the measurement weights and structural weights
to be equal; In Model 4 (constrained model), all coefficients,
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including measurement weights, structural weights, structural
covariances, structural residuals, and measurement residuals,
were set invariant across genders. The x? differences among
these four models were not significant (all ps > 0.05), indicating
that the structural relationships shown in Figure 1 were not
found to have a significant difference for boys and girls. The
generalizability of the full model was preliminarily supported.

DISCUSSION

This study aimed to explore the influencing mechanism of
intelligence mindsets on math achievement for Chinese primary
school students. SEM suggested that intelligence mindsets,
math self-efficacy, and failure beliefs could all predict math
achievement. Moreover, mediating modeling analyses further
suggested that the association of intelligence mindsets and
math achievement could be fully explained by math self-efficacy
and failure beliefs. So we conclude that math self-efficacy
and failure beliefs are meaningful concepts for understanding
the mechanism of intelligence mindsets on math achievement.
Specifically, the results revealed that having a growth mindset
predicted a higher sense of math self-efficacy as well as more
positive failure beliefs, and also having a higher sense of
math self-efficacy predicted more positive failure beliefs, which
both in turn positively influenced students’ math achievement.
Regarding the gender difference, our findings showed that
boys had significantly higher mean levels of growth mindsets
and math self-efficacy than girls, while boys and girls had no
statistically significant differences on failure beliefs and math
grade. In addition, the full model was proved to be equally
valid across genders and the generalizability of the full model
was preliminarily supported by the multi-group analysis. In
summary, hypotheses 2, 3, 4, and 5 are all supported while
hypothesis 1 is partially confirmed.

TABLE 3 | Bootstrapping analysis of the mediating effect.

In the previous literatures, several paths have been examined
separately. Our findings are in line with previous studies on the
following: (a) intelligence mindset, math self-efficacy and failure
beliefs could contribute to one’s math achievement (Dweck
and Gilliard, 1975; Dweck and Leggett, 1988; Schunk, 1989;
Chemers et al., 2001; Blackwell et al., 2007; Boaler and Dweck,
2016; Claro et al, 2016); (b) growth mindset predicts math
self-efficacy (Martocchio, 1994; Samuel and Warner, 2019);
(c) growth mindset is positively related with failure beliefs
(Dweck et al., 1995b; Robins and Pals, 2002; Whittington
et al., 2017); and (d) math self-efficacy and failure beliefs
are positively correlated (Schunk, 1989; Dixon and Schertzer,
2013; Ganguly et al, 2017). However, as far as we know,
the full paths of the relationships among intelligence mindset,
math self-efficacy, failure beliefs, and math achievement in our
mediating model have not been tested simultaneously before in
other research.

Most importantly, this study highlights the critical mediating
roles of failure beliefs in the relationship between intelligence
mindsets and math achievement. That is, intelligence mindsets
can play a more important role in students’ math achievement
when faced with challenges, setbacks, or failures. For students
with a growth mindset, a failure indicates that more effort needs
to be put into the task in order to improve their intelligence
or basic ability to do the task well, so they are more likely to
attribute the failure to insufficient effort. In turn, these students
with a belief of positive effort will tend to adopt positive strategies,
such as persistence on the tasks and invest efforts to solve these
problems in the face of challenges, setbacks, and failures, thereby
improving math grades. By comparison, for students with a
fixed mindset, a failure represents low intelligence or ability that
cannot be developed through effort and hard work, so they are
more likely to attribute their failure to their ability. In turn, those
students with ability beliefs apt to employ negative strategies,
such as an avoidance of study challenges and effort withdrawal in
face of setbacks, which leaded to flat or even falling math grades
over time.

Likewise, this study also highlights the critical mediating roles
of math self-efficacy as well as the chain mediating roles of

9
somBedl math self-efficacy and failure beliefs in the relationship between
Mediator Parameter SE  Lower Upper intelligence mindsets and math achievement. Students holding a
estimate growth mindset or fixed mindset have very different perspectives
in views of math self-efficacy. Students with a growth mindset
Math self-efficacy 0.037 00210007 0089 peljeve that their intelligence and ability can be improved over
Failure befiefs 0.041 0025 0005 0108  time, Thus, they have a higher belief in their own capabilities and
Math self-efficacy — Failure beliefs  0.017 0013 0002 0054 participate more eagerly for accomplishing a task than students
TABLE 4 | Results of multi-group analysis: boys vs. girls.
Model Specifications x2 df CFI RMSEA Model comparison X2 diff. df diff. P
1 Unconstrained 134.018 60 0.934 0.052
2 Measurement weights equal 146.117 69 0.931 0.049 1vs.2 12.099 9 0.208
3 Structural weights equal 149.403 72 0.931 0.048 2vs.3 3.286 3 0.350
4 Constrained 170.153 85 0.924 0.046 3vs.4 20.75 13 0.078
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who thought their intelligence and ability was fixed. Especially
when facing failures, individuals who feel efficacious ought to
make effort attributions and then work hard. Therefore, they
were outperforming those who held more fixed mindsets and
following low self-efficacy in mathematics.

A series of studies have proved that intelligence mindsets can
be cultivated and a fixed mindset can also be transformed into
a growth mindset by interventions (Blackwell et al., 2007). For
example, students can be taught about the new science of brain
plasticity and the new view of talent and giftedness as dynamic
attributes that can be developed. At the same time, students can
be guided to focus on effort and process through process praise
and feedback by parents and teachers. Especially for the females
and minority students, such messages should be conveyed that
their underachievement has its roots in environmental rather
than intelligence factors, and can be overcome through the
improvement of the education environment and individual
efforts (Blackwell et al., 2007; Dweck, 2008). Most importantly,
our findings further demonstrated that in order to play a stable
role on math achievement, intelligence mindsets need to be
applied with the help of positive academic self-efficacy and failure
beliefs. Therefore, parents and teachers should train students
to develop self-motivated and self-directed growth orientations,
give positive feedback to students when they face challenges and
setbacks, and encourage them to meet challenges, persist, and
become more confident. At the same time, parents and teachers
should guide students to establish a correct view of mistakes, let
them know the value of failures, realize that making mistakes
is the best time to learn and a key time for brain growth, then
let students learn from mistakes, and thus achieve the goal of
improving academic achievement.

Limitations

This present research has demonstrated that math self-efficacy
and failure beliefs are meaningful concepts for understanding
the mechanism of intelligence mindsets on math achievement
for the first time. However, this study also has some limitations.
First, the study was conducted in two schools in Urumgqi. It
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