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While gender stereotype on math learning and achievement is consistently reported among 
existing research, these studies predominantly focus on mainstream students with Western 
cultural backgrounds. There is a dearth of study, which investigates gender effect among 
Australian Indigenous students. To fill this gap, the present study adopted a multiple-
indicator-multiple-indicator-cause approach to structural equation modeling to investigate 
effects of gender, culture (Indigenous vs. non-Indigenous), and the interaction of the two 
on students’ self-concept of competence and affect in math, as well as math achievement 
among Australian primary school students. We found gender stereotype effect not only 
on students’ self-perceptions of their competence in math but also their actual math 
performance reflected in their math achievement scores in a standard math test. Boys 
had higher ratings on math competence and scored more highly on math test than girls. 
However, the gender stereotype was not found for self-concept of affect. Instead, culture 
was significantly impacted on self-concept of math affect, indicating that Indigenous 
students had less enjoyment toward learning math compared with their non-Indigenous 
peers. Furthermore, significant interaction effects between gender and culture were 
observed on both self-concept of math competence and math affect. In practice, to 
enhance Indigenous students’ interest and enjoyment in math learning, educators are 
suggested to incorporate Indigenous students’ values, beliefs, and traditions when 
delivering new math knowledge.

Keywords: gender, Australian Indigenous culture, self-concept of competence and affect, math achievement, 
primary school students

INTRODUCTION

Indigenous Australians are the first peoples of Australia (Craven et  al., 2013) and are one of 
the most disadvantaged Indigenous populations in the world (Cooke et al., 2007). All Australian 
governments in the last two decades have acknowledged that Indigenous Australians are 
disadvantaged in a number of socioeconomic indicators, including education (e.g., Commonwealth 
of Australia, 2006). Indigenous students participate significantly less in education and have 
significantly higher attrition rates compared to other Australian populations. For instance, the 
retention rate for Indigenous students from year 7 (the first year of secondary school) to year 
12 was 55%, whereas the retention rate for non-Indigenous students during this same time 
period was 82% (Australian Bureau of Statistics, 2012). Craven et  al. (2013) have called for 
paying a special attention to the disparities in educational outcomes between Indigenous students 
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and their peers and taking immediate actions to make Indigenous 
Australians’ full potential flourish. Thus, the first aim of the 
present study is to gain a thorough understanding on how 
Indigenous Australian students differ from non-Indigenous 
Australian students on self-concept and achievement in math 
subject in order to inform the development of effective 
intervention programs to help close the educational gap for 
Indigenous students.

Moreover, past research has revealed that there may be  a 
gender stereotype in academic self-concept, and achievement 
in math (Meece et  al., 2006; Yeung et  al., 2012a), in particular, 
gender differences tend to become observable from early primary 
school (Eccles et  al., 1993; Usher and Pajares, 2008). However, 
existing research regarding students’ self-concept in math 
predominantly focused only on the perceptions of one’s 
competence, neglecting the perceptions of one’s affect in math 
(Midgley et  al., 2001; Yeung and Han, 2017). Furthermore, 
whether the commonly found gender stereotype in self-concept 
and achievement in math is also observable in Australian 
indigenous student population is unknown. As Australian 
Indigenous culture, values, and perspectives differ from the 
dominant Western culture, we  cannot legitimately apply the 
gender stereotype in math self-concept and achievement from 
the mainstream Western culture to Australian Indigenous 
students. Therefore, the present study examines both the gender 
and culture effects and the interaction of the two, on self-
concept of competence and affect, as well as achievement in 
math subject among Australian primary school students from 
Indigenous and non-Indigenous backgrounds.

LITERATURE REVIEW AND RESEARCH 
QUESTIONS

Self-Concept and Its Impact
Positive self-beliefs are at the heart of the positive psychology 
movement (Marsh and Craven, 2006) and enhancing self-concept 
is enshrined in educational policies internationally. For example, 
the Melbourne Declaration on Educational Goals for Young 
Australians (MCEETYA, 2008) emphasizes that students should 
“have a sense of self-worth, self-awareness, and personal identity 
that enables them to manage their emotional, mental, spiritual, 
and physical wellbeing” (p.  9). Positive self-concept has been 
demonstrated “to impact on a wide range of critical wellbeing 
outcomes and serve as an influential platform for enabling 
full human potential” (Craven and Marsh, 2008, p.  104). 
Interventions specifically addressing domain-specific self-concept 
have been shown to result in domain-specific gains in a range 
of achievement outcomes (Craven and Yeung, 2008). Numerous 
studies have identified strong relations between self-concept 
and outcomes such as well-being, coursework selection, rate 
of school completion, adaptive academic behaviors, coping 
mechanisms, enhanced academic achievement, and reduced 
mental health problems (e.g., Marsh and Craven, 2006; Craven 
and Yeung, 2008). Self-concept and achievement are also known 
to be  reciprocally related whereby they share a dynamic causal 
relation (Marsh and Craven, 2006). In the school context, 

academic self-concepts in different school subjects have been 
consistently demonstrated that they are not only causes for 
cognitive outcomes; but are also triggers of desirable psychological 
outcomes (Marsh and Craven, 2006; Craven and Yeung, 2008).

The structure of self-concept has been empirically 
demonstrated as multidimensional and domain specific (Arens 
et  al., 2011). Marsh (1990), for example, found distinct self-
concepts in a number of school subjects, including verbal, 
math, physical, art, music, and religion, with a general academic 
self-concept as an overarching construct. Traditionally, 
researchers either conflated the competence and affect aspects 
of academic concept (e.g., Jansen et  al., 2014) or they have 
placed more emphasis on self-concept of competence over 
affect. Hence, academic self-concept has been consistently 
measured by either combining the competence and affect 
aspects or predominantly using competence aspect alone 
(Pinxten et  al., 2013; Seaton et  al., 2014).

However, in recent years, academic self-concept it has been 
empirically demonstrated that self-concept of competence 
(in relation to cognition) and self-concept of affect (in relation 
to emotion) are clearly distinguishable (e.g., Arens et  al., 2011; 
Pinxten et  al., 2013). While the competence component is 
concerned with the extent to which students perceive themselves 
to have capabilities in a specific school subject (e.g., I am good 
at math.), the affect component is about the extent to which 
an individual enjoys participating in a subject (e.g., I like math.). 
Thus, we  will examine both the competence and affect aspects 
of self-concept in math.

Gender and Culture Issues in  
Self-Concept and Achievement
Gender differences may be observable as early as in elementary 
school when self-beliefs and perceptions begin to form (Eccles 
et  al., 1993). Past self-concept research focusing only on 
competence has indicated that in general boys tend to have 
higher competence beliefs than girls (Midgley et  al., 2001). 
Boys sometimes overestimate their competence whereas girls 
tend to underestimate theirs (Metallidou and Vlachou, 2007), 
even though such self-perceptions of abilities may not match 
their real ability (Yeung et  al., 2012a,b). However, boys and 
girls may exhibit very different levels of competence beliefs 
in different curriculum areas. Research has consistently reported 
that boys tend to have higher perceptions of competence in 
math and science-related subjects (Marsh and Yeung, 1998; 
Klapp Lekholm and Cliffordson, 2009), whereas girls show 
higher self-concepts in language and verbal-related subjects 
(Marsh, 1993; Kurtz-Costes et  al., 2008).

Gender has also been found to interact with other factors, 
including students’ ability and cultural backgrounds (Dai, 2001; 
Chiu and Klassen, 2010). For instance, Dai (2001) observed 
that for average-ability students, girls reported a higher verbal 
self-concept and lower math self-concept than boys. However, 
for gifted students, girls were found to have a comparable 
math self-concept to boys. Chiu and Klassen (2010) found 
that for students from a culture which tolerates more uncertainty, 
math self-concept had a stronger relation with math achievement 
for boys than for girls. Extending a focus on self-concept of 
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competence to affect beliefs, Yeung et  al. (2012a,b) found an 
interaction effect between culture and gender—the competence 
and affect differences between Asian and Anglo Australian 
students were more pronounced for boys than for girls.

With regard to academic achievement, interaction effects 
between culture and gender have also been demonstrated. Lai 
(2010), for instance, showed that Chinese girls performed better 
than boys in both primary and middle schools. But for American 
students, this pattern was not consistent. American girls achieved 
better than boys in elementary school, but boys gradually 
caught up in math and science in middle schools.

The Current Study and Research Questions
Although the above studies demonstrated that gender effects 
on academic self-concept and achievement may be  partly 
influenced by culture, there is a lack of research on how gender 
effect may be  interacted with Australian Indigenous culture. 
In this investigation, we  will test gender, Indigenous culture, 
and the interaction of the two on the self-concept of math 
competence and affect, as well as math achievement among 
Australian primary school students.

Three research questions were addressed in the study:

1. Do boys and girls differ in the self-concept of math 
competence, affect, and math achievement?

2. Do Indigenous and non-Indigenous students differ in the 
self-concept of math competence, affect, and math achievement?

3. Are there interaction effects between gender and Indigenous 
culture on the self-concept of math competence, affect, and 
math achievement?

MATERIALS AND METHODS

Participants
The study was conducted with 566 boys (44.6%) and 702 girls 
(55.4%), who studied in urban and rural areas of Australian 
primary schools. The students were from grade 3 (average age 
around 10) to grade 6 (average age around 13). Among them, 
496 (39.1%) self-identified as Indigenous background in the 
demographic information, whereas 772 (60.9%) were self-
identified as non-Indigenous students.

Materials
The materials used for data collection were a self-report 
questionnaire and students’ scores in a standard math achievement 
test. The questionnaire started with a section on demographic 
information including age, gender, grade, and cultural background 
followed by items on self-concept of math competence and 
affect, which are explained in detail below.

Math Competence and Math Affect Scales
To measure students’ self-concept of math competence, we used 
the four positive items from Marsh (1992) Self Description 
Questionnaire I  (SDQI). These items are: “I learn things 
quickly in math,” “Work in math is easy for me,” “I get 

good marks in math,” and “I am  good at math.” The items 
which evaluated students’ self-perceptions of affect toward 
math were also from SDQI, including: “I like math,” “I 
am  interested in math,” “I look forward to math,” and “I 
enjoy doing work in math.” We  excluded the two negatively 
worded items from the original math competence and affect 
scales because past research showed that incorporating negative 
items resulted in negative item bias and reduced the reliability 
of scales (Marsh, 1986; Arens et  al., 2011). The reason for 
using SDQI is that it is the most widely used instrument 
for measuring self-concept of students from diverse cultures, 
including Australian Indigenous students (e.g., Worrell et  al., 
2008; Bodkin-Andrews et  al., 2010). All the items were on 
a 5-point scale with 1 representing strongly disagree and 5 
indicating strongly agree.

Math Achievement Scores
The math achievement scores were obtained using a state-
wide standardized test organized by Department of Education 
and Training. The test lasted about 20  min and had different 
items for different grades (see the Appendix for the 
sample items).

Data Collection Procedure
The data collection strictly followed the ethics requirements. 
Before administering the study, the written consent from the 
participants and their parents for voluntary participation was 
obtained. The effort was made to ensure the anonymity of 
the participants by assigning a code to each participating 
student. The questionnaire was administered in groups by 
research assistants, who read each item aloud to the students 
to minimize potential problems arising from reading difficulties.

Data Analysis
We started data analysis by constructing a CFA model with four 
items of self-concept of math competence, four items of self-
concept of math affect, and the math achievement scores using 
Mplus version 7. Because the math achievement scores were a 
single-item indicator, the measurement error of scores was fixed 
with a perfect reliability estimate (Marsh and Yeung, 1997).

The criteria for the evaluation of CFA models followed 
the general procedures proposed by Kline (2005) and 
Jöreskog and Sörbom (2005). We considered four fit statistics 
as our primary indicators of model fit, namely the 
Comparative Fit Index (CFI, Bentler, 1990), the Tucker-
Lewis Index (TLI, Tucker and Lewis, 1973), the root mean 
squared residual (SRMR, Bentler, 1995), and the root mean 
square error of approximation (RMSEA, Browne and Cudeck, 
1993). The values of TLI and CFI higher than 0.950, SRMR 
less than 0.080, and RMSEA below 0.060 are generally 
considered as good fit between the hypothesized model 
and the observed data (Bentler, 1990; Browne and Cudeck, 
1993; Hu and Bentler, 1999). Besides these fit statistics, 
support for the fit of CFA models also requires: (1) acceptable 
reliability for each scale (i.e., α  =  0.700 or above); (2) 
factor loadings of items above 0.300 on the corresponding 
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scales, and (3) appropriate correlations among the latent 
factors to ensure that they are distinguishable from each 
other (rs below 0.900).

When the CFA model was established (model 1), we then 
conducted a series of measurement invariance tests to 
determine if the CFA model was equivalent across female 
and male students (i.e., gender), and across Indigenous and 
non-Indigenous students (i.e., culture). The invariance tests 
involve evaluating various levels of restricted models and 
proceed in a stepwise manner from loosest to tightest. Therefore, 
the invariance models are nested because the imposed constraints 
are progressively added (Brown, 2006; Byrne, 2016). We  first 
constructed three models (models 2A–2C) to examine 
measurement invariance by gender. We  followed Brown’s 
recommended procedure for performing invariance tests by 
starting from a configural CFA (model 2A), which is the 
least restricted model, tests whether the factor structures are 
identical across groups. Following the configural model, 
we  tested whether factor loadings were equal in the metric 
model (model 2B). We then constrained intercepts to be equal, 
referred to as the scalar model (model 2C). Similarly, the 
next three successive models (models 3A–3C) were constructed 
to test whether measurement equivalence could be  attained 
across the two cultural groups. Model 3A was a configural 
CFA model that examines whether the factor structures are 
identical across Indigenous and non-Indigenous students. Model 
3B was the metric model, in which all the factor loadings 
were constrained to be  equal across the two cultural groups 
of students, and model 3C was the scalar model, in which 
the equal constraints were put on both the factor loadings 
and the intercepts.

To examine the effect of gender, culture, and the interaction 
of the two on students’ self-concept of math competence, math 
affect, and math achievement, we adopted a multiple-indicator-
multiple-indicator-cause (MIMIC) approach to structural 
equation modeling (Aiken and West, 1991; Jöreskog and Sörbom, 
2005; Marsh et  al., 2005). The advantage of a MIMIC model 
is that measurement errors of latent variables are corrected 
(Marsh et  al., 2006; Yeung et  al., 2012b). The MIMIC model 
(model 4) examined the multiple causes of the three discrete 
grouping variables (1) gender (1  =  boy, 2  =  girl), (2) culture 
(1 = Indigenous, 2 = non-Indigenous), and (3) gender × culture 
interaction to students’ self-concept of math competence, math 
affect, and math achievement.

RESULTS

CFA of Model 1
The CFA of model 1 produced a good fit to the data: χ2 
(25)  =  188.039, CFI  =  0.980, TLI  =  0.970, SRMR  =  0.019, 
RMSEA  =  0.072 (Table 1). All factor loadings of items on their 
corresponding scales were above 0.750, and both self-concept of 
math competence and math affect scales were highly reliable (0.891 
and 0.924, respectively). The correlations between math competence, 
affect, and math achievement scores are presented in Table 2, 
which shows that all the correlations are significant and positive—
math competence and math affect: r  =  0.815, p  <  0.010; math 
competence and math achievement: r  =  0.105, p  <  0.010; math 
affect and math achievement: r  =  0.057, p  <  0.050. The results 
of correlations showed that the relation between self-concept of 
math competence and math affect was substantial, whereas both 
the relations between self-perceptions of math competence and 
achievement and between perceptions of math affect and achievement 
were weak.

Factorial Invariance Across Groups
The results of a series of invariance tests are summarized 
in Table 1. Table 1 shows that the baseline model (model 
2A) resulted in a good fit: χ2 (50)  =  245.129, CFI  =  0.977, 
TLI  =  0.967, SRMR  =  0.022, RMSEA  =  0.078. Both model 
2B: χ2 (56) = 248.364, CFI = 0.977, TLI = 0.971, SRMR = 0.024, 
RMSEA = 0.074; and model 2C: χ2 (62) = 250.971, CFI = 0.978, 
TLI  =  0.974, SRMR  =  0.025, RMSEA  =  0.069, produced 
similar fits to model 2A, providing evidence for the equivalence 
of the measurement structure across the boy and the girl 
groups (Cheung and Rensvold, 2002). Following the same 
procedure, for the invariance of culture groups, we  found that 
the baseline model (model 3A) yielded an appropriate fit: χ2 
(50)  =  239.216, CFI  =  0.978, TLI  =  0.968, SRMR  =  0.021, 
RMSEA  =  0.077. Across the two culture groups, the fit statistics 
of model 3B: χ2 (56)  =  244.244, CFI  =  0.978, TLI  =  0.971, 
SRMR  =  0.025, RMSEA  =  0.073; and 3C: χ2 (62)  =  254.357, 
CFI  =  0.977, TLI  =  0.974, SRMR  =  0.027, RMSEA  =  0.070, were 
comparable to those of model 3A, supporting the factorial 
invariance across Indigenous and non-Indigenous groups.

Paths of the MIMIC Model
The invariance of measurement across groups allowed us to 
proceed with MIMIC model (model 4), which displayed a 

TABLE 1 | Goodness of fit of models.

Models χ 2 df CFI TLI SRMR RMSEA

Model 1 (CFA of latent factors) 188.039 25 0.980 0.970 0.019 0.072
Model 2A (gender invariance-configural) 245.129 50 0.977 0.967 0.022 0.078
Model 2B (gender invariance-metric) 248.364 56 0.977 0.971 0.024 0.074
Model 2C (gender invariance-scalar) 250.971 62 0.978 0.974 0.025 0.069
Model 3A (culture invariance-configural) 239.216 50 0.978 0.968 0.021 0.077
Model 3B (culture invariance-metric) 244.244 56 0.978 0.971 0.025 0.073
Model 3C (culture invariance-scalar) 254.357 62 0.977 0.974 0.027 0.070
Model 4 (MIMIC model) 214.924 43 0.980 0.970 0.017 0.056

CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = standardized root mean square residual.
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good fit to the data: χ2 (43) = 214.924, TLI = 0.980, CFI = 0.970, 
SRMR  =  0.017, RMSEA  =  0.056. The factor loadings and 
paths of model 4 are displayed in Table 3 and the MIMIC 
model is also displayed in Figure 1. The descriptive statistics 
of self-concept of math competence, math affect, and math 
achievement by gender and culture are presented in Table 4.

From Table 3, we  can see that the main effect of gender 
was significant and negative for self-concept of math 
competence (β  =  −0.083, p  <  0.010) and math achievement 
(β  =  −0.066, p  <  0.050). The significant and negative path 
coefficients suggested that boys not only had higher ratings 
on their perceptions of abilities in math compared with girls 
(boys: M  =  4.092, SD  =  1.119; girls: M  =  3.894, SD  =  1.131), 
they also obtained higher scores in the math achievement 
test (boys: M  =  54.695, SD  =  9.998; girls: M  =  54.190, 
SD  =  10.175). The coefficients of the paths from culture 
were only significant for self-concept of math affect (β = 0.073, 
p  <  0.050). The positive path suggested that Indigenous 
students had less enjoyment toward learning math compared 
with their non-Indigenous peers (Indigenous students: 
M = 3.817, SD = 1.367; non-Indigenous students: M = 4.036, 
SD  =  1.208).

Statistically significant interaction effects between gender 
and culture were also found on both self-concept of math 
competence (β = 0.132, p < 0.010) and math affect (β = 0.078, 
p  <  0.010). For self-concept of math competence, while 
non-Indigenous boys (M  =  4.154, SD  =  1.064) had higher 
ratings than non-Indigenous girls (M  =  3.935, SD  =  1.063), 
there was no significant difference between Indigenous boys 
(M  =  3.992, SD  =  1.200) and Indigenous girls (M  =  3.833, 
SD  =  1.226). For self-concept of math affect, non-Indigenous 
boys (M  =  4.067, SD  =  1.223) had higher ratings than 
Indigenous girls (M  =  3.803, SD  =  1.350), whereas there was 
no significant difference between non-Indigenous girls 
(M  =  4.010, SD  =  1.193) and Indigenous boys (M  =  3.834, 
SD  =  1.393). Post hoc power analyses indicated that with the 
sample size of the study, the power to detect obtained effects 
at the 0.050 level was 0.999 in prediction of math competence, 
was 0.874  in prediction of math affect, and was 0.867  in 
prediction of math achievement.

The present study investigated the effect of gender, culture, 
and the interaction of the two on Australian primary school 
students’ self-concept of math competence and affect, as 
well as their math achievement. Two separate sets of 
measurement invariance tests on examination of invariant 
factor structure, factor loadings, and intercepts across both 
gender and culture demonstrated that female and male 
students, Indigenous and non-Indigenous students shared 
the same interpretation of the items with regard to their 

self-evaluation and perceptions of their capabilities and liking 
toward the math subject. Because of the identical pattern 
of factor-indicator relationships, factor loadings, and intercepts, 
the factor scores from the four subgroups of the sample 
(i.e., Indigenous boys, non-Indigenous boys, Indigenous girls, 
and non-Indigenous girls) can be  legitimately compared. 
The examination of the measurement invariance ensured 
the potential use of the PBLEQ in various academic disciplines 
in higher education. The MIMIC approach found that gender 
differences were not only in students’ perceived capabilities 
in the processes of learning math (self-concept of math 
competence) but also evident in their actual abilities in 
solving math problems (math achievement). Consistent with 
the past findings on the gender stereotype, our study also 
showed that girls’ self-perceptions and confidence in evaluating 
their competence in math was lower than boys (e.g., Eccles 
et  al., 1993; Marsh, 1993; Marsh and Yeung, 1998; Kurtz-
Costes et  al., 2008; Klapp Lekholm and Cliffordson, 2009). 
However, when taking the culture effect into consideration, 
we  found such difference only existed among the 
non-Indigenous students. Such result may suggest that the 
general finding of the gender stereotype is only applicable 
among the mainstream students from Western cultural 
background given the fact that the majority of past studies 
did not investigate Indigenous population.

By separating the cognitive (competence) and affective 
(affect) aspects of math self-concept, our findings further 
extended the examination of gender effect of math competence 
to math affect. We  observed that different from gender 
stereotype in self-perceptions of math competence, no gender 
effect was found on students’ self-perceptions of liking and 
enjoyment of studying math subject. This means that boys 
and girls had similar ratings on their enjoyment of learning 
math. Instead, gender only had a significant impact on self-
concept of math affect when it interacted with cultural 
backgrounds. Generally speaking, Indigenous students reported 
less enjoyment in learning math compared with their 
non-Indigenous counterparts. However, there was no such 
difference between Indigenous boys and non-Indigenous girls. 

TABLE 3 | Solution of model 4.

Variables Math 
competence

Math  
affect

Math 
achievement

Factor loadings
Item 1 0.753** 0.818** 1.000
Item 2 0.834** 0.866** —
Item 3 0.830** 0.897** —
Item 4 0.853** 0.891** —
Uniqueness
Item 1 0.433** 0.331** 0.000
Item 2 0.304** 0.251** —
Item 3 0.311** 0.195** —
Item 4 0.272** 0.207** —
Gender −0.083** −0.012 −0.066*
Culture 0.032 0.073* 0.019
Interaction 0.132** 0.078** 0.009

*p < 0.050; **p < 0.010.

TABLE 2 | Correlation between math competence, math affect,  
and math achievement.

Variables Math affect Math achievement

Math competence 0.815** 0.105**
Math affect — 0.057*

*p < 0.050; **p < 0.010.
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Out of the expectation, there was no achievement gap between 
Indigenous and non-Indigenous students on their math 
achievement scores. Rather, students’ performance on the 
math achievement test was consistent with how they self-
evaluated their competence, as the results showed a gender 
stereotype of math achievement among Australian primary 
school students regardless whether they were from an 
Indigenous or a non-Indigenous background.

Implications for Educational Practice
In educational practice in Australian primary school contexts, 
teachers may need to make some efforts in boosting Australian 
female primary school students’ beliefs of their competence 
in math subject. Based on the known reciprocal effects 
between self-concept and achievement (Marsh and Craven, 

2006), students are likely to improve their math performance 
through interventions that focus on boosting their confidence 
in math competence. Furthermore, educators need to pay 
special attention to Indigenous students’ lower interest and 
enjoyment in math learning. Past research has shown that 
when teaching is designed to incorporate Indigenous students’ 
values, beliefs, and traditions, and when new knowledge is 
delivered in a way that is culturally appropriate to Indigenous 
students, the learning tends to be  more effective (e.g., Gitari, 
2006; Yunkaporta, 2009). Thus, to nurture Indigenous students’ 
interests in math learning, teachers may consider using some 
materials which are able to foster relevance to Indigenous 
students’ culture.
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TABLE 4 | Descriptive statistics by gender and culture.

Variables Indigenous 
boys 

(N = 215)

Non-
Indigenous 

boys 
(N = 351)

Indigenous 
girls 

(N = 218)

Non-
Indigenous 

girls (N = 421)

M (SD) M (SD) M (SD) M (SD)

Math 
competence

3.992  
(1.200)

4.154  
(1.064)

3.833  
(1.226)

3.935  
(1.063)

Math  
affect

3.834  
(1.393)

4.067  
(1.223)

3.803  
(1.350)

4.010  
(1.193)

Math 
achievement

51.737 
(10.580)

56.506 
(9.860)

50.591 
(8.915)

56.592  
(9.970)

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Han Self-Concept and Achievement in Math

Frontiers in Psychology | www.frontiersin.org 7 March 2019 | Volume 10 | Article 603

of Helsinki. The protocol was approved by “the Human Research 
Ethics Committee of Western Sydney University.”

AUTHOR CONTRIBUTIONS

FH contributed to the conception of the work and to the 
acquisition, analysis, and interpretation of the data; drafted 
the work and revised it critically for important intellectual 
content; approved the final version of the paper to be published, 

and agreed to be  accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated 
and resolved.

ACKNOWLEDGMENTS

The author wishes to express gratitude to the participants for 
their voluntary participation in the study.

REFERENCES

Aiken, L. S., and West, S. G. (1991). Multiple regression: Testing and interpreting 
interactions. (Newbury Park, CA: Sage).

Arens, A. K., Yeung, A. S., Craven, R. G., and Hasselhorn, M. (2011). The 
twofold multidimensionality of academic self-concept: domain specificity 
and separation between competence and affect components. J. Educ. Psychol. 
103, 970–981. doi: 10.1037/a0025047

Australian Bureau of Statistics (2012). The health and welfare of Australia’s 
Indigenous and Torres Strait Islander peoples. (Canberra: Australian Institute 
of Health and Welfare).

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychol. 
Bull. 107, 238–246. doi: 10.1037/0033-2909.107.2.238

Bentler, P. M. (1995). EQS structural equations program manual. (Encino, CA: 
Multivariate Software).

Bodkin-Andrews, G. H., Ha, M. T., Craven, R. G., and Yeung, A. S. (2010). 
Construct validation and latent mean differences for the self-concepts of 
Indigenous and non-Indigenous students. Int. J. Test. 10, 47–79. doi: 
10.1080/15305050903352065

Brown, T. (2006). Confirmatory factor analysis for applied research. (New York: 
The Guildford Press).

Browne, M. W., and Cudeck, R. (1993). “Alternative ways of assessing model 
fit” in Testing structural equation models. eds. K. A. Bollen and J. S. Long 
(Beverly Hills: Sage), 136–162.

Byrne, B. M. (2016). Structural equation modeling with AMOS: Basic concepts, 
applications, and programming. (New York: Routledge).

Cheung, G. W., and Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes 
for testing measurement invariance. Struct. Equ. Modeling 9, 233–255. doi: 
10.1207/S15328007SEM0902_5

Chiu, M. M., and Klassen, R. M. (2010). Relations of math self-concept and its 
ca bration with math achievement: cultural differences among fifteen year 
olds in 34 countries. Learn. Motiv. 20, 2–17. doi: 10.1016/j.learninstruc.2008.11.002

Commonwealth of Australia (2006). The national report to parliament on 
Indigenous education and training. (Canberra: Author).

Cooke, M., Mitrou, F., Lawrence, D., Guimond, E., and Beavon, D. (2007). 
Indigenous well-being in four countries: an application of the UNDP’S 
human development index to Indigenous peoples in Australia, Canada, New 
Zealand, and the United States. BMC Int. Health Hum. Rights 7, 1–39. doi: 
10.1186/1472-698X-7-9

Craven, R. G., and Marsh, H. W. (2008). The centrality of the self-concept 
construct for psychological wellbeing and unlocking human potential: implications 
for child and educational psychologists. Educ. Child Psychol. 25, 104–118.

Craven, R. G., and Yeung, A. S. (2008). “International best practice in effective 
educational interventions: why self-concept matters and examples from 
bullying, peer support, and reading research” in Research on sociocultural 
influences on motivation and learning. Vol. 8: Teaching and learning: International 
best practice. eds. D. M. McInerney, V. E. Shawn and M. Dowson (Greenwich, 
CT: Information Age), 267–294.

Craven, R. G., Dillon, A., and Parbury, N. (2013). In black & white: Australians 
all at the crossroads. (Ballan: Connor Court Publishing).

Dai, D. Y. (2001). A comparison of gender differences in academic self-
concept and motivation between high-ability and average Chinese adolescents. 
J. Sec. Gift. Educ. 13, 22–32. doi: 10.4219/jsge-2001-361

Eccles, J. S., Wigfield, A., Harold, R., and Blumenfeld, P. (1993). Age and 
gender differences in children’s achievement self-perceptions during the 
elementary school years. Child Dev. 64, 830–847. doi: 10.2307/1131221

Gitari, W. (2006). Everyday objects of learning about health and healing and 
implications for science education. J. Res. Sci. Teach. 43, 172–193. doi: 
10.1002/tea.20094

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance 
structure analysis: conventional criteria versus new alternatives. Struct. Equ. 
Model. 6, 1–55.

Jansen, M., Schroeders, U., and Lüdtke, O. (2014). Academic self-concept in 
science: multidimensionality, relations to achievement measures, and gender 
differences. Learn. Individ. Differ. 30, 11–21. doi: 10.1016/j.lindif.2013.12.003

Jöreskog, K. G., and Sörbom, D. (2005). LISREL 8.72: Structural equation modelling 
with SIMPLIS command language. (Chicago, IL: Scientific Software International).

Klapp Lekholm, A., and Cliffordson, C. (2009). Effects of student characteristics 
on grades in compulsory school. Educ. Res. Eval. 15, 1–23. doi: 
10.1080/13803610802470425

Kline, R. B. (2005). Principles and practices of structural equation modelling. 
2nd edn. (New York: The Guilford Press).

Kurtz-Costes, B., Rowley, S., Harris-Britt, A., and Woods, T. A. (2008). Gender 
stereotypes about math and science and self-perceptions of ability in late childhood 
and early adolescence. Merrill-Palmer Q. 54, 386–409. doi: 10.1353/mpq.0.0001

Lai, F. (2010). Are boys left behind? The evolution of the gender achievement 
gap in Beijing's middle schools. Econ. Educ. Rev. 29, 383–399. doi: 10.1016/j.
econedurev.2009.07.009

Marsh, H. W. (1986). Negative item bias in rating scales for preadolescent 
children: a cognitive-developmental phenomenon. Dev. Psychol. 22, 37–49. 
doi: 10.1037/0012-1649.22.1.37

Marsh, H. W. (1990). The structure of academic self-concept: the Marsh/
Shavelson model. J. Educ. Psychol. 82, 623–636. doi: 10.1037/0022-0663.82.4.623

Marsh, H. W. (1992). Self Description Questionnaire: A theoretical and empirical 
basis for the measurement of multiple dimensions of preadolescent self-concept: 
A test manual and a research monograph. (Sydney: SELF Research Centre, 
University of Western Sydney).

Marsh, H. W. (1993). The multidimensional structure of academic self-concept: 
invariance over gender and age. Am. Educ. Res. J. 30, 841–860.

Marsh, H. W., and Craven, R. G. (2006). Reciprocal effects of self-concept and 
performance from a multidimensional perspective: beyond seductive pleasure 
and unidimensional perspective. Perspect. Psychol. Sci. 1, 133–163. doi: 
10.1111/j.1745-6916.2006.00010.x

Marsh, H. W., Ellis, L., Parada, L., Richards, G., and Heubeck, B. G. (2005). 
A short version of the Self Description Questionnaire II: operationalizing 
criteria for short form evaluation with new applications of confirmatory 
factor analyses. Psychol. Assess. 17, 81–102. doi: 10.1037/1040-3590.17.1.81

Marsh, H. W., Tracey, D., and Craven, R. G. (2006). Multidimensional self-
concept structure for preadolescents with mild intellectual disabilities: a 
hybrid multigroup-MIMIC approach to factorial invariance and latent mean 
differences. Educ. Psychol. Meas. 66, 705–818. doi: 10.1177/0013164405285910

Marsh, H. W., and Yeung, A. S. (1997). Causal effects of academic self-concept 
on academic achievement: structural equation models of longitudinal data. 
J. Educ. Psychol. 89, 41–54. doi: 10.1037/0022-0663.89.1.41

Marsh, H. W., and Yeung, A. S. (1998). Longitudinal structural equation models 
of academic self-concept and achievement: gender differences in the 
development of math and English constructs. Am. Educ. Res. J. 35, 705–738.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1037/a0025047
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1080/15305050903352065
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1016/j.learninstruc.2008.11.002
https://doi.org/10.1186/1472-698X-7-9
https://doi.org/10.4219/jsge-2001-361
https://doi.org/10.2307/1131221
https://doi.org/10.1002/tea.20094
https://doi.org/10.1016/j.lindif.2013.12.003
https://doi.org/10.1080/13803610802470425
https://doi.org/10.1353/mpq.0.0001
https://doi.org/10.1016/j.econedurev.2009.07.009
https://doi.org/10.1016/j.econedurev.2009.07.009
https://doi.org/10.1037/0012-1649.22.1.37
https://doi.org/10.1037/0022-0663.82.4.623
https://doi.org/10.1111/j.1745-6916.2006.00010.x
https://doi.org/10.1037/1040-3590.17.1.81
https://doi.org/10.1177/0013164405285910
https://doi.org/10.1037/0022-0663.89.1.41


Han Self-Concept and Achievement in Math

Frontiers in Psychology | www.frontiersin.org 8 March 2019 | Volume 10 | Article 603

MCEETYA (2008). Melbourne declaration on educational goals for young Australians. 
Available at: http://www.curriculum.edu.au/verve/_resources/National_Declaration_
on_the_Educational_Goals_for_Young_Australians.pdf (Accessed December 9, 2018).

Meece, J. L., Glienke, B. B., and Burg, S. (2006). Gender and motivation.  
J. Sch. Psychol. 44, 351–373. doi: 10.1016/j.jsp.2006.04.004

Metallidou, P., and Vlachou, A. (2007). Motivational beliefs, cognitive engagement, 
and achievement in language and math in elementary school children. Int. 
J. Psychol. 42, 2–15. doi: 10.1080/00207590500411179

Midgley, C., Kaplan, A., and Middleton, M. (2001). Performance-approach goals: 
good for what, for whom, under what circumstances, and at what cost?  
J. Educ. Psychol. 93, 77–86. doi: 10.1037/0022-0663.93.1.77

Pinxten, M., De Fraine, B., Van Damme, J., and D’Haenens, E. (2013). Student achievement 
and academic self-concept among secondary students in Flanders: gender and 
changes over time. Irish Educ. Stud. 32, 157–178. doi: 10.1080/03323315.2012.749058

Seaton, M., Parker, P., Marsh, H. W., Craven, G., and Yeung, A. S. (2014). The 
reciprocal relations between self-concept, motivation and achievement: juxtaposing 
academic self-concept and achievement goal orientations for mathematics 
success. Educ. Psychol. 34, 49–72. doi: 10.1080/01443410.2013.825232

Tucker, L. R., and Lewis, C. (1973). A reliability coefficient for maximum 
likelihood factor analysis. Psychometrika 38, 1–10. doi: 10.1007/BF02291170

Usher, E. L., and Pajares, F. (2008). Sources of self-efficacy in school: critical 
review of the literature and future directions. Rev. Educ. Res. 78, 751–796. 
doi: 10.3102/0034654308321456

Worrell, F. C., Watkins, M. W., and Hall, T. E. (2008). Reliability and validity 
of self-concept scores in secondary school students in Trinidad and Tobago. 
Sch. Psychol. Int. 29, 466–480. doi: 10.1177/0143034308096435

Yeung, A. S., Craven, R. G., and Kaur, G. (2012a). “Gender differences in 
achievement motivation: grade and cultural considerations” in Psychology of 
gender differences. ed. S. McGeown (New York: Nova Science Publishers), 
59–79.

Yeung, A., and Han, F. (2017). “Chinese-background Australian students’ academic 
self-concept, motivational goals, and achievements in math and English” in 
Educating Chinese-heritage students in the global-local nexus: Achievement, 
challenges, and opportunities. eds. G. Li and W. Ma (New York: Routledge), 
141–159.

Yeung, A. S., Taylor, P. G., Hui, C., Lam-Chiang, A. C., and Low, E.-L. (2012b). 
Mandatory use of technology in teaching: who cares and so what? Br. J. 
Educ. Technol. 46, 857–570. doi: 10.1111/j.1467-8535.2011.01253.x

Yunkaporta, T. (2009). Aboriginal pedagogies at the cultural interface. Unpublished 
doctoral thesis. (Australia: James Cook University).

Conflict of Interest Statement: The author declares that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

Copyright © 2019 Han. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not 
comply with these terms.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
http://www.curriculum.edu.au/verve/_resources/National_Declaration_on_the_Educational_Goals_for_Young_Australians.pdf
http://www.curriculum.edu.au/verve/_resources/National_Declaration_on_the_Educational_Goals_for_Young_Australians.pdf
https://doi.org/10.1016/j.jsp.2006.04.004
https://doi.org/10.1080/00207590500411179
https://doi.org/10.1037/0022-0663.93.1.77
https://doi.org/10.1080/03323315.2012.749058
https://doi.org/10.1080/01443410.2013.825232
https://doi.org/10.1007/BF02291170
https://doi.org/10.3102/0034654308321456
https://doi.org/10.1177/0143034308096435
https://doi.org/10.1111/j.1467-8535.2011.01253.x
http://creativecommons.org/licenses/by/4.0/


Han Self-Concept and Achievement in Math

Frontiers in Psychology | www.frontiersin.org 9 March 2019 | Volume 10 | Article 603
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