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 In recent years, Dweck (2014) and Duckworth (2016) introduced two important concepts in 

student learning: mindsets and grit. These variables can drastically change the way individuals 

handle a learning situation, the degree of effort and persistence they display, and eventually, 

their level of achievement. Recent literature on self-theories recommends using domain-specific 

rather than domain-general instruments to explain school achievement. Furthermore, child 

samples are relatively understudied compared to adolescent and youth samples in terms of self-

theories and achievement relations. This study focuses on math mindsets, academic grit, and 

their relation to math achievement at the primary school level. Math mindsets scale, academic 

grit scale, and a math achievement test were used as data collection instruments. Data were 

collected from purposively selected 225 4th grade students in Istanbul, Turkey. A cross-sectional 

causal model has been tested through structural equation modeling (SEM). There was not a 

direct effect of growth math mindset but a significant negative effect of fixed math mindset on 

math achievement. The indirect effect of growth math mindset on math achievement mediated 

by academic grit was positive and significant; the indirect effect of fixed math mindset was non-

significant. Finally, the effect of academic grit on math achievement was positive and significant. 

The SEM model explained 36% of the variance in math achievement and 64% of academic grit. 

School-based interventions are recommended to promote a growth math mindset and 

academic grit. Practical and theoretical implications are discussed in detail. 

Keywords: growth mindset, fixed mindset, academic grit, math achievement, primary students 

INTRODUCTION 

Research on self-theories in education has gained momentum in recent years. One of the commonly 

studied self-theory has been mindsets. They were proposed by Dweck (1999, 2006) regarding the malleability 

of individual’s qualities such as intelligence and personality. Dweck (1999) suggests that these non-cognitive 

variables can drastically change the way individuals handle a learning situation, the degree of effort and 

persistence they display, and eventually their level of achievement. Another self-theory that caught the 

attention of researchers and policymakers is grit. Grit is related to performance and retention in school and 

the workplace (Duckworth et al., 2007; Duckworth & Quinn, 2009). Duckworth (2016) argued that grit is also 

changeable and malleable therefore has great potential to facilitate development and success. Both Dweck’s 

(2014) and Duckworth’s (2016) conceptualization of mindset and grit were domain-general, meaning they 

apply to all fields, from school to workplace. However, in recent years, especially for school learning, domain-

specific mindset and academic grit measures are recommended by researchers (Clark & Malecki, 2019; Costa 

& Faria, 2018; Lou & Noels, 2019). Therefore, this study focuses on domain-specific mindsets and academic 
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grit concerning achievement. Namely, the interplay among math mindsets, academic grit, and math 

achievement has been investigated. 

Math Mindsets 

According to Dweck (1999), there are some adaptive and maladaptive cognitive-motivational dispositions 

in learning. These dispositions form people’s self-theories, and they have influences on achievement and well-

being. An important aspect of these self-theories is how people approach intelligence. Dweck (1999, 2006) 

and Dweck and Yeager (2019) helped build the concept of theories of intelligence, also known as mindsets, as 

a powerful psychological construct. Mindsets are based on two basic assumptions that people maintain about 

their intelligent capabilities: while some think that intellectual abilities are unchangeable (fixed mindset), 

others believe that their capabilities can be improved through practice and instruction (growth mindset) 

(Dweck, 1999). 

According to the mindset theory, having a growth mindset positively affects academic success, whereas a 

fixed mindset predicts achievement negatively (Cury et al., 2006; Gouëdard, 2021; Yuksel et al., 2021). This 

relationship can be a direct one (e.g., Bostwick et al., 2017; Claro et al., 2016; Muller & Dweck, 1998; Zhao & 

Wang, 2014) or can be mediated by some other psychological constructs such as beliefs about effort and 

strategies for self-regulation (e.g., Blackwell et al., 2007; Müllensiefen et al., 2015). Two recent meta-analyses 

on mindsets revealed a weak (Costa & Faria, 2018; Sisk et al., 2018) relationship between mindsets and 

achievement. It is argued that mindsets tend to be domain-specific that mindsets about specific domains exist 

independently of each other (Ryan & Mercer, 2012). In other words, a person can hold a growth mindset in 

one field but a fixed mindset in another (Dweck et al., 1995). Therefore, recent research on mindsets argues 

that some domain-specific inventories can provide new insights into examining this construct (Boyd & Ash, 

2018; Costa & Faria, 2018; Lou & Noels, 2019).  

Similar to general intelligence, math mindsets are based on two assumptions about math intelligence: 

people either think they have a ‘fixed math mindset’ in which their capability to accomplish a given math-

related task is innate and fixed or a ‘growth math mindset’ in which their capability about math can be 

developed with practice or instruction (Daly et al., 2019). Previous research has found that students’ growth 

math mindset was associated with gains in their math outcomes at the secondary school level (Bostwick et 

al., 2017, 2019). Studies that used a general growth mindset also found positive associations with math 

achievement. With a large sample of Chilean high school students, Claro et al. (2016) found that a growth 

mindset was a strong predictor of math achievement. Similarly, in Romero et al. (2014) reported that middle 

school students who endorse a growth mindset earned higher grades and were more likely to choose 

advanced math courses over time. In a recent study, Bernardo (2020) found that a growth mindset was 

positively associated with math achievement in PISA 2018 only among the higher SES students. 

On the other hand, holding a fixed mindset about math learning has been shown to lead to weaker 

attainment outcomes for middle and high school students (Blackwell et al., 2007; Hwang et al., 2019). A fixed 

mindset about general intelligence too, negatively influences math scores of junior high students (Zhao & 

Wang, 2014). Research on mindset-math achievement relationships focuses mainly on adult and adolescent 

populations. This relationship needs further elucidation for child samples. The current study aims to advance 

the understanding of mindset effects on math achievement in a primary school sample. 

Academic Grit 

Grit has been introduced by Duckworth et al. (2007) and Duckworth and Quinn (2009) as a personality trait 

that predicts achievement. It has two aspects, namely consistency of interests and perseverance of effort. 

Consistency of interests refers to not changing goals and interests frequently; and perseverance of effort 

implies the predisposition to work hard even in the face of obstacles. Both aspects are assumed to contribute 

to the success (Duckworh & Quinn, 2009). Duckworth et al. (2007) argue that grit can be a better indicator of 

success than the ability test scores. In their meta-analysis, Credé et al. (2017) found that grit was moderately 

correlated with success. However, it was highly correlated with conscientiousness.  

Several studies have found a positive association between grit and academic achievement at the university 

level (e.g., Duckworth et al., 2007; Strayhorn, 2014; Wolters & Hussain, 2015). With adolescent students, grit 

was positively associated with GPA (Duckworth & Quinn, 2009; Dumfart & Neubauer, 2016; Guerrero et al., 
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2016) and achievement tests (Al-Mutawah & Fateel, 2018; Cosgrove et al., 2018; West et al., 2016). Among very 

few studies that included primary school age groups, Tucker-Drob et al. (2016) found a significant association 

between grit and performance on a standardized math and reading test. Grit was also related to several non-

cognitive attributes. For example, Sigmundsson et al. (2020) found a significant relationship between grit and 

growth mindset in Icelandic college students. Similarly, Kannangara et al. (2018) reported that grittier college 

students showed higher levels of growth mindset, resilience, mental well-being, and self-control. In a primary 

school sample, grit was significantly related to academic-self efficacy and school satisfaction (Oriol et al., 2017). 

In recent years, psychometric properties of the grit scale, developed by Duckworth and Quinn (2009), have 

been scrutinized, and a recent meta-analysis study by Credé et al. (2017) recommended a reconceptualization 

of grit. Some studies reported low levels of psychometric properties (e.g., Al-Mutawah & Fateel, 2018; Datu et 

al., 2016; Guerrero et al., 2016; West et al., 2016), and some studies demonstrated greater criterion-related 

validity for perseverance of effort than consistency of interests (e.g., Akos & Kretchmar, 2017; Bowman et al., 

2015; Datu et al., 2016; Dixson et al., 2016; Wolters & Hussain, 2015). For college students, perseverance of 

effort was more strongly correlated with achievement than consistency of interests when analyzed separately 

(e.g., Akos & Kretchmar, 2017; Bowman et al., 2015; Wolters & Hussain, 2015). In several studies that examined 

adolescents’ outcomes, consistency of interests failed to predict adolescent outcomes whereas perseverance 

of effort predicted them significantly (Bowman et al., 2015; Datu et al., 2016; Dixson et al., 2016; Tang et al., 

2019), which indicated a single factor structure for grit rather than two.  

Another criticism of Duckworth’s grit scale (Duckworth et al., 2007; Duckworth & Quinn, 2009) was its 

domain-general nature. Researchers argue that effort and interest may vary in different aspects of life, such 

as school or hobbies. Therefore, domain-specific grit scales are needed to explain school achievement (Clark 

& Malecki, 2019; Schmidt et al., 2019). Schmidt et al. (2019) converted the domain-general grit scale items into 

school-specific items. They found that school-specific grit was more closely related to German college 

students’ GPA than domain-general grit (Schmidt et al., 2019). With similar concerns in mind, Clark and Malecki 

(2019) developed the Academic grit scale with 10 items that constitute a single factor. Academic grit was 

positively related to academic achievement and school satisfaction. Furthermore, academic grit explained 

more in academic achievement and school satisfaction than did general grit. Clark and Malecki (2019) 

recommended the elucidation of the predictive power of academic grit with children and adults, also in 

specific content areas (e.g., math). Researchers also suggest that academic grit can be a mediator between 

perceptions and beliefs related to schoolwork and school achievement. The current study aims to investigate 

this mediating effect. 

The current study aims to investigate the relationships among math mindsets, academic grit, and math 

achievement of primary school students. Figure 1 shows the proposed model of these relationships. Previous 

research highlighted direct effects of math mindsets (e.g., Bostwick et al., 2017, 2019; Daly et al., 2019) and 

academic grit (e.g., Clark & Malecki, 2019; Schmidt et al., 2019) on achievement. Some studies showed that 

the effects of mindsets have been mediated by other psychological constructs (e.g., Blackwell et al., 2007; 

Müllensiefen et al., 2015). Both Dweck (1999) and Duckworth (2016) emphasized the importance of a growth 

mindset to develop grit; in other words, individuals with a growth mindset tend to be grittier. Furthermore, 

several studies found a moderate positive association between growth mindset and general grit (e.g., 

Blackwell et al., 2007; Burgoyne et al., 2018; Kannangara et al., 2018; Zhao et al., 2018). Considering all these 

associations, we used academic grit as the mediating factor between math mindsets and math achievement. 

 

Figure 1. The proposed model of math mindsets, academic grit, and math achievement relationships 
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We propose that there is a positive direct effect of growth math mindset and a negative direct effect of fixed 

math mindset on math achievement. Furthermore, there is a positive indirect effect of growth math mindset 

and a negative indirect effect of fixed math mindset on math achievement mediated by academic grit. Finally, 

there is a positive effect of academic grit on math achievement. Eventually, this study seeks to answer the 

following research questions: 

1. What are the direct effects of growth math mindset and fixed math mindset on math achievement? 

2. What are the indirect effects of growth math mindset and fixed math mindset on math achievement 

mediated by academic grit? 

3. What is the effect of academic grit on math achievement? 

METHOD 

Sample 

Data were collected from 225 4th grade students in 7 classrooms. 4th grade is the final year in primary 

schooling in Turkey. Since the comprehension level is higher at this grade compared to earlier grades and the 

released Trends in International Mathematics and Science Study (TIMSS) items that are used to measure math 

achievement are more appropriate for 4th grade, this grade level has been preferred. Therefore, a purposive 

sampling method was used. For structural equation modeling analysis, a sample size larger than 200 is 

considered adequate (Kyriazos, 2018). There were 118 females and 107 males with an average age of 10. The 

school from which data were collected is an urban school in Istanbul, Turkey; and admits students mainly 

from families of low to medium SES. The average class size for 4th grade classrooms was 32. Since the second 

author of this paper was a teacher at this school the accuracy for data collection was high; however, results 

may not be generalizable to other populations since only one school participated in the study.  

Data Collection 

Data were collected in two weeks during the Spring of 2021. The second author was present in the 

classrooms during the administration of instruments, and she assisted when needed. In all classes, a math 

test compiled from the released (TIMSS) items was administered first. The math mindsets scale and academic 

grit scale were administered in a separate class session. Students completed the math test in 35-40 minutes, 

and the other instruments took approximately 10 minutes to complete. 

Data Sources 

Math mindsets scale  

The general mindsets scale was developed by Dweck (1999) and consisted of six items in a 6-point Likert 

format, from ‘strongly disagree’ to ‘strongly agree’. Of these items, three of them represent a growth mindset, 

and the other three represent a fixed mindset. A growth mindset argues that intellectual capabilities can be 

improved through hard work whereas, a fixed mindset argues that intellectual capabilities are unchanged no 

matter how hard a person tries. There are two separate scores that this scale yields: one for a growth mindset 

and the other is for a fixed mindset. The scale was adapted into Turkish by Beyaztas and Hymer (2018), and 

the Cronbach’s alpha reliability scores for growth and fixed mindset have been found as α=0.81 and α=0.70, 

respectively.  

In recent years to better explain school success, the need for domain-specific mindset scales has been 

highlighted (Boyd & Ash, 2018; Costa & Faria, 2018; Lou & Noels, 2019). Hence, by simply adding the domain 

name to Dweck’s (2006) original general mindset items, domain-specific mindset scales have been developed 

(i. e., Degol et al., 2018; Hwang et al., 2019). For example, a growth math mindset item can be: No matter who 

you are, you can change your math intelligence a lot; a fixed math mindset can be: You have a certain amount of 

math intelligence, and you really cannot do much to change it. Confirmatory factor analysis with 6 items indicated 

a good fit for the 2-factor model (CFI=0.99, TLI=0.98, RMSEA=0.09, SRMR=0.035). Cronbach’s alpha reliability 

coefficient was computed as α=0.92 for growth math mindset and α=0.94 for fixed math mindset. Three of 

the six items measured fixed math mindset and a higher score indicates a stronger disposition towards the 

belief that math intelligence is fixed and cannot be improved through hard work. The other three items 
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measured growth math mindset and a higher score indicates a stronger disposition towards the belief that 

math intelligence can be improved through hard work and practice. All items were positively coded.  

Academic grit scale  

The 10-item academic grit scale has been developed by Clark and Malecki (2019). Clark and Malecki (2019) 

decided to develop this scale since the short grit scale, originally developed by Duckworth and Quinn (2009), 

yields low reliability and may not be appropriate for explaining school-related outcomes. The scale has ten 5-

point Likert-type items, 1 being ‘not at all like me’ and 5 being ‘very much like me’. The academic grit scale was 

translated to Turkish by two language specialists with PhD. The Turkish version of the scale was then back-

translated into English and checked by the researchers for any differences. The scale was pilot-tested on 33 

4th grade students who shared similar socio-economic backgrounds with the actual study group. Students 

reported no difficulty or confusion in understanding the items. Then the scale has been administered to the 

actual study group. Confirmatory factor analysis with 10 items indicated a good fit for the 1-factor model 

(CFI=0.99, TLI=0.97, RMSEA=0.08, and SRMR=0.04). The final version of the academic grit scale was 

administered together with the math mindset scale. Cronbach’s alpha reliability coefficient was computed as 

α=0.96. The scale included items such as I push myself to do my personal best in school; and even when I could 

do something more fun, I give schoolwork my best effort. A higher score on the academic grit scale indicated a 

higher school-related grit and all items were positively coded.  

Math achievement test  

The math achievement test was compiled from the released items of previous TIMSS assessments. There 

were 20 questions in the test, and each question was worth 1 point. Therefore, the maximum possible score 

on the test was 20. The original TIMSS test is composed of three cognitive domains: knowing, applying, and 

reasoning. Knowing covers the facts, procedures students need to know, and routine problems; applying 

focuses on the ability of students to apply their knowledge to solve problems, and reasoning involves solving 

unfamiliar, non-routine problems with complex contexts and multiple steps. Reasoning questions comprise 

approximately 20% of questions while knowing and applying comprise 40% each in the 4th grade assessment. 

In terms of content, nearly half of the questions are related to numbers; 30% is related to measurement and 

geometry, and 20% is about data at the 4th grade level (Mullis & Martin, 2017). We paid attention to keeping 

this structure and the ratio of each cognitive and content domains. In terms of question format, similar to the 

original assessment, 12 items were in multiple-choice format, and eight items were open-ended. For the 

reliability of multiple-choice items, the KR-20 coefficient was calculated as 0.76 for 12 multiple-choice items 

with an average item difficulty of 0.41. These coefficients are considered adequate for a reliable test (Fraenkel 

& Wallen, 2008). For the reliability of open-ended items, two researchers graded the students’ tests 

independently, and any disagreements have been negotiated. 

Data Analysis 

Descriptive statistics for math mindsets, academic grit, and math achievement were computed; and 

skewness and kurtosis values were used to check normality. To examine the relationships among these three 

constructs, structural equation modelling (SEM) was conducted in the R program. Our purpose was to 

examine the direct effects of math mindsets and academic grit as well as the indirect effects of growth and 

fixed math mindsets on math achievement. SEM enables us to investigate the structural relationships among 

observed variables and latent constructs by estimating confirmatory factor analysis, linear regression, and 

path relations (Byrne, 2016). In order to evaluate the model, we utilized the cut-off values suggested by Hair 

et al. (2014) and Kline (2016) as CFI>0.90, TLI>0.90, RMSEA<0.10, and SRMR<0.08 as an acceptable fit. 

RESULTS 

According to the descriptive analysis results (Table 1), growth and fixed math mindset scores ranged 

between three and 18 with average scores of 11.16 (SD=4.78) and 10.50 (SD=5.21), respectively. Academic grit 

scores ranged between 10 and 50, with an average score of 34.16 (SD=11.25). As for math achievement, the 

minimum score was 1, the maximum score was 19, and the mean score was 8.44 (SD=4.91). Even though the 

maximum available score was 20 on the math test, no student received a perfect score. The skewness and 
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kurtosis scores were between -1.5 and 1.5; therefore, they are considered to be normally distributed, which 

is the requirement for using parametric data analysis methods (Tabachnick & Fidell, 2007). 

Table 2 displays the correlations among math mindsets, academic grit, and math achievement. 

Accordingly, there was a high positive correlation between academic grit and math achievement (r=0.765; 

p<0.01). As for the correlations between math mindsets and math achievement, they were moderate. Growth 

math mindset was positively (r=0.564; p<0.01), and fixed math mindset was negatively correlated with math 

achievement (r=-397; p<0.01). In other words, students who believed that math intelligence could be 

developed scored higher; however, students who believed that math intelligence could not be changed scored 

lower on the math achievement test.  

Math mindsets showed similar correlations with academic grit as well. That is, students who endorsed a 

growth math mindset showed significantly more academic grit, and students who endorsed a fixed math 

mindset showed significantly less academic grit. 

Table 3 shows the SEM results of the direct and indirect effects of math mindsets and academic grit on 

math achievement. Accordingly, growth math mindset did not have a significant direct effect on math 

achievement, but it showed a significant indirect effect mediated by academic grit (β=0.393; p<0.01), which 

was moderate in size. The direct effect of fixed math mindset on math achievement was significant and 

negative (β=-0.170; p<0.01) with a small effect size. The indirect effect of fixed math mindset on math 

achievement via academic grit was not significant. 

The effect of academic grit on math achievement was also significant and positive (β=0.662; p<0.01) with 

a moderate to high effect size. The final model explained the 36% of the variance in math achievement and 

64% of the variance in academic grit. 

The final model for the analyses is shown in Figure 2. Growth math mindset and fixed math mindset were 

both represented by three items, and academic grit was represented by 10 items. Fit indices were satisfactory, 

χ2(114)=232.71, p<0.01, CFI=0.99, TLI=0.99, RMSEA=0.068, and SRMR=0.026. The factor loadings of the 16 

observed indicators of the relevant constructs were in the predicted directions, significant, and quite high. 

Table 1. Descriptive statistics of math mindsets, academic grit, and math achievement 

 Min Max Mean SD Skewness Kurtosis 

Growth math mindset 3 18 11.16 4.78 -0.18 -1.38 

Fixed math mindset 3 18 10.50 5.21 0.01 -1.50 

Academic grit 10 50 34.16 11.25 -0.21 -1.13 

Math achievement 1 19 8.44 4.91 0.27 -1.11 
 

Table 2. Correlations among math mindsets, academic grit, and math achievement 

 Growth math mindset Fixed math mindset Academic grit Math achievement 

Growth math mindset 1 -0.649** 0.564** 0.562** 

Fixed math mindset  1 -0.397** -0.484** 

Academic grit   1 0.765** 

Math achievement    1 

Note. **p<0.01 

Table 3. SEM results of the relations among math mindsets, academic grit, and math achievement 

 β SE 

Direct effects   

Growth math mindset→Math achievement 0.073 0.223 

Fixed math mindset→Math achievement -0.170** 0.237 

Academic grit→Math achievement 0.662** 0.271 

Growth math mindset→Academic grit 0.593** 0.115 

Fixed math mindset→Academic grit -0.008 0.128 

Growth math mindset→Fixed math mindset -0.681** 0.139 

Indirect effects   

Growth math mindset→Academic grit→Math achievement 0.393** 0.282 

Fixed math mindset→Academic grit→Math achievement -0.005 0.333 

Model fit indices CFI=0.99, TLI=0.99, RMSEA=0.068, SRMR=0.026 

Note. **p<0.01; For math achievement R2=0.36; For academic grit R2=0.64 
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The association between growth and fixed math mindset was moderate to high and negative (β =-0.681; 

p<0.01) as expected. 

DISCUSSION 

This study focused on math mindsets, academic grit, and their relation to math achievement at the primary 

school level. Recent literature on self-theories recommends using domain-specific instruments to predict 

school achievement. We used the math mindsets scale similar to Dweck’s (1999) original mindsets scale and 

the academic grit scale developed by Clark and Malecki (2019). Their relations with math achievement were 

examined through structural equation modeling with 225 primary school students. Results showed that there 

was not a direct effect of growth math mindset but a significant negative effect of fixed math mindset on math 

achievement. The indirect effect of growth math mindset on math achievement mediated by academic grit 

was positive and significant; the indirect effect of fixed math mindset was non-significant. The final model 

explained 36% of the variance in math achievement and 64% of academic grit. This means that more than 

one-third of the variance in primary math achievement was explained by math mindsets and academic grit. 

As Dweck (1999) and Duckworth (2016) emphasized self-theories can be critical in explaining individual 

differences in achievement. Follow-up studies could consider other self-theories, such as goal orientation and 

self-regulation in further explaining the individual differences in math achievement.  

In their validation of the academic grit scale, Clark and Malecki (2019) found significant relations between 

academic grit and all of the outcome variables, including self-reported academic achievement, GPA, life 

satisfaction, and school satisfaction. However, they cautioned against self-reported measures of success. The 

current study utilized a valid and reliable measure of achievement and confirmed their findings. As Clark and 

Malecki (2019) as well as Credé et al. (2017) highlighted, grit is mostly studied with college-age groups and 

understudied in child samples. We tried to contribute to closing this gap by investigating grit in a primary 

school sample. As researchers indicated, domain-specific grit can be more ideal than general grit in explaining 

school-related outcomes (Clark & Malecki, 2019; Schmidt et al., 2019). Both Clark and Malecki’s (2019) and 

Schmidt et al.’s (2019) studies found that academic grit accounted for greater variance in academic 

achievement and GPA than did general grit. The current study showed that academic grit scale has potential 

in explaining math outcomes in child samples. We did not compare it with general grit but future studies can 

focus on this issue for child samples to further validate the scale. Longitudinal studies are also suggested as 

researchers indicate that academic grit may decline as students grow older (Clark & Malecki, 2019).  

As both Dweck (1999) and Duckworth (2016) stated, mindsets can affect the degree of effort and 

persistence one puts forward. In general, holding a growth mindset increases an individual’s resilience, 

perseverance, and motivation towards learning. Previous research with different age groups showed that 

individuals who endorse a growth mindset show higher grit (Blackwell et al., 2007; Burgoyne et al., 2018; 

Kannangara et al., 2018; Zhao et al., 2018). In a similar vein, the current study found a positive effect of growth 

 

Figure 2. The final model of math mindsets, academic grit, and math achievement relationship (**p<0.01) 
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math mindset on academic grit. Future studies can investigate the effects of other self-theories on academic 

grit. Clark and Malecki (2019) stressed that there might be overlaps among self-beliefs, and further 

investigation is needed for the incremental validity of academic grit. 

An important contribution of this study has been to show the mediating effect of academic grit between 

growth mindset and math achievement. It suggests that the reason a growth mindset can improve math 

achievement is that this mindset is able to enhance academic grit. Knowing about mindsets can change the 

way students see themselves and put forth more effort to succeed (Debacker et al., 2018; Paunesku et al., 

2015; Rattan et al., 2015). Zhao et al. (2018) state that when students have a growth mindset they tend to 

become more self-directed and autonomous. They can pursue their interests in the face of temptations and 

this increases their overall grit. The growth mindset development can start in the family. When parents let 

children take their own academic decisions, solve their own problems and when they allow mistakes they 

create a growth mindset environment in the family. In terms of math, families can encourage their children 

to work harder in math and be supportive in solving math-related problems. School-family partnerships can 

focus on delivering students the message that through hard work, persistence, and practice, their math skills 

and intelligence can be improved; and, this notion is called a growth mindset. Once students acquire a growth 

math mindset, their academic grit will likely increase and it would be easier for them to reach their math-

related academic goals.  

Interventions that help develop domain-specific growth mindsets are recommended as early as primary 

school level. Previous intervention studies have been successful in helping students understand the brain 

plasticity and malleability of intelligence and developing a general growth mindset (Dweck, 2014). In these 

interventions, students were taught that the brain behaves like a muscle and it grows stronger with use. Every 

time they learn something new their brain forms new connections. Making a mistake is not always bad, in 

fact, it allows our brain to work harder. Students were also shown how to apply this information to their 

schoolwork. After the interventions both their achievement and motivation have improved. Interventions that 

also discourage students from viewing math intelligence as a fixed trait may help them overcome their fear 

of math and try harder (Hwang et al., 2019). When students are exposed to the messages such as ‘some 

people are math geniuses’, ‘some people are born smart’ or ‘not everybody can be good at math’, they can 

develop a fixed math mindset. Whereas, if successful people in math are presented as those who loved and 

devoted themselves to math, it conveys a growth math mindset (Dweck, 2014). 

As well as students, teachers too need to be informed about the self-theories and math achievement 

relationship. Lou and Noels (2019) caution that “helping students to truly endorse growth mindsets is not just 

about telling them to keep trying” (p. 9). Rather, effective strategies are needed to encourage them to change 

their mindset (Dweck, 2006; Lou & Noels, 2019). Knowing the fact that the brain makes new connections, 

especially when new and challenging tasks are introduced, might positively influence teaching. Classroom 

practices and school-based programs play an important role in shaping students’ mindsets which in return 

affect their achievement. Teachers should strive to create inclusive classrooms where the understanding and 

progress of students are the main focus, and students can learn from their setbacks and mistakes (Dweck & 

Yager, 2021; Murphy et al., 2021). They can start with creating collaborative classroom communities where 

students help each other to make sure nobody is left behind; at the same time, individual growth oriented 

feedback can be provided to show how much they have progressed. Using multiple and alternative 

assessments allows opportunities to revise and develop a growth mindset. It is crucial to create a classroom 

language where the teacher expresses a belief in every student’s potential to learn. This will encourage 

students to try alternative strategies when they make mistakes (Murphy et al., 2021). When grading students, 

teachers can value effort as well as accuracy. Questioning students’ efforts, such as the time they spent on 

preparing homework or the types of learning strategies they used can help them monitor their own learning 

(Stump et al., 2014). If students attribute their success to their effort they can become grittier on academic 

issues.  

Limitations 

The current study has some limitations. First, the sample came from a single primary school in Western 

Turkey. Therefore, the findings might not be transferrable to broader contexts. Second, the mechanisms of 

self-theories and math achievement relationships for subgroups were not explored. For example, as 
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Bernardo’s (2020) study, holding a growth mindset may not benefit students with low SES. Similarly, as in 

Hwang et al.’s (2019) analysis, holding a fixed mindset might affect achievement groups differently. Moreover, 

Credé et al.’s (2017) meta-analytical study indicated a few group-level differences in general grit. The same 

could be observed for academic grit. Future studies might therefore examine whether there are any group 

differences such as gender, SES, and age in the mechanisms of math mindset, academic grit, and math 

achievement relationships. 

Finally, this study was conducted in Turkey, which is a Eurasian country influenced by both European and 

Asian cultures. In general, Turkish culture places high regard on school and especially math achievement. 

Therefore, the sizable effects of math mindset and academic grit on achievement could be due to cultural 

dispositions. Park et al. (2018, 2020) and Tang et al. (2019) reported modest positive effects of grit on 

adolescents’ academic achievement in Finnish and US samples, respectively. Other researchers, however 

reported no associations between grit and achievement (Muenks et al., 2017; Steinmayr et al., 2018; Usher et 

al., 2018). Tang et al. (2019) claim that the effect of grit on achievement may depend on culture. Some cultures 

can be more likely to be accepting rather than resisting; thus, reflecting this into their schoolwork. Further 

studies on math mindset and academic grit in different cultures and cross-cultural comparisons are 

recommended.  

CONCLUSION 

The current study exhibited the positive effect of academic grit on math achievement and also, direct and 

indirect effects of math mindsets in a sample of primary school students. The findings of this study draw 

attention to domain-specific mindsets and academic grit, which are relatively understudied constructs in 

primary school settings. School-based mindset and academic grit interventions as well as inclusive classroom 

practices are advised. Although the current study provides evidence of significant associations among math 

mindsets, academic grit, and math achievement, further research is needed to explicate these associations in 

detail. For example, further research with subgroups in different domains and cultural settings could be 

helpful to strengthen the incremental validity of academic grit. 
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