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Abstract

This study intends to compare and contrast student and school factors that are associated with students’
mathematics self-efficacy in the United States and China. Using hierarchical linear regressions to analyze the
Programme for International Student Assessment (PISA) 2012 data, this study compares math self-efficacy,
achievement, and variables such as math teacher support and socioeconomic status (SES) between 15-year-old
students in the U.S. and in Shanghai, China. The findings suggest that on average, students from Shanghai
showed higher math self-efficacy and better achievement than those of American students. However, at the
student level, similar positive relationships between math teacher support and math self-efficacy and between
SES and math self-efficacy were found in both locations. That is, in the U.S. and Shanghai, an increase in math
teacher support predicts an increase in math self-efficacy, also higher SES is significantly associated with higher
math self-efficacy. In addition, at the school level, the smaller difference in American students’ math
self-efficacy between higher SES school and lower SES school indicates that the U.S. is more equitable between
schools than Shanghai, China in terms of students’ math self-efficacy. Implications from this study indicate that
improving teacher support in math class and narrowing the gap in students’ self-efficacy related to school-level
SES is a significant issue for the U.S. and Shanghai, China respectively.
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1. Introduction

The Program for International Student Assessment (PISA) 2012 report suggests that mathematics achievement of
students in Shanghai, China is the highest among all Organization of Economic Cooperation and Development
(OECD) countries, with a score of 613, and that the United States is significantly lower than the OECD average
of 500, with a score of 481 (OECD, 2014a). Many scholars and educators became extremely eager to understand
the gap in order to improve students’ achievement in the U.S. American researchers and educators have been
working on this low achievement issue for years (Lee, 2009). The “common core state standards” (CCSS)
initiative has been launched in 2009 and implement in 42 states as of 2015 which aims to have the states adopt
uniformly high standards for K-12 students in Mathematics and English Language Arts (Common Core
Standards, 2013; Gerwertz, 2012; Porter, McMaken, Hwang, & Yang, 2011). The CCSS are similar to the
centralized and uniform curriculum standards of China. Why then is there a disparity in math achievement
between American and Chinese students? From the perspective of educational psychology, a possible answer lies
in math self-efficacy. Some researchers have explored the potential effect of math self-efficacy on mathematics
achievement to explain in part why some students perform better than other students.

Self-efficacy, according to Bandura’s definition, refers to "people's judgments of their capabilities to organize
and execute courses of action required in attaining designated types of performances" (Bandura, 1986). In a
school context, self-efficacy strongly influences the students’ academic performance (Yildirim, 2012; Kitsantas
et al., 2010; Pajares & Miller, 1994). To be specific, the findings from a variety of studies have shown that
self-efficacy of math was positively related to a students’ math academic performance. It is the most important
self-construct in predicting math performance and a main part of achievement-related motivational beliefs
(Kitsantas et al., 2010; Lee, 2009; Liu & Zhou, 2007; Yildirim, 2012; Zajacova, Lynch, & Espenshade, 2005;
Zhang, 2007). Additionally, students’ family socioeconomic status (SES) can positively influence their
self-efficacy and performance (Kisantas et al., 2010; Wigfield et al., 2006; Eccles, Wigfield, & Schiefele, 1998).
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The ultimate impact of CCSS depends on the translation of state standards into local practices and the capacity
of schools and teachers to help students be more prepared and meet the higher standards (Brown & Clift, 2010;
Lee, Liu, Amo, & Wang, 2014). Some teacher-related factors and school-level factors might influence students’
self-efficacy and performance. Previous studies have reported that perceived teacher support is a significant
factor affecting self-efficacy and academic achievement (Yildirim, 2012; Lapointe et al., 2005; Pianta, 1999;
Wentzel, 1998; Garmezy, 1994). School level SES difference has also been reported to be a strong predictor of
math self-efficacy in a positive way (Yildirim, 2012).

Nevertheless, comparative studies involving samples from the U.S. and high achieving East Asian countries are
insufficient. Specifically, few scholars have examined the similarities and differences in math self-efficacy and
related factors between the United States and China. Facing the large gap in math achievement between the
United States and China as presented in PISA 2012, it is necessary to look into the educational systems and
socio-cultural factors in both countries to determine the variables which are associated with student math
achievement, so that the educational practitioners could work to improve the specific issues in the respective
countries.

Therefore, the goal of this study is to investigate and compare the American and Chinese students’ math
self-efficacy and certain factors that may be associated with it in order to refine the understanding of the
achievement gap.

2. Literature Review
2.1 Theoretical Framework

The Eccles Expectancy-Value Model of achievement motivation suggests that achievement related choices and
performances are assumed to be influenced by student motivational beliefs. In this model, student beliefs about
how well they would perform on tasks, either now or in the future, are specified as efficacy expectations and
analogous to self-efficacy beliefs defined by Bandura (1997) (Bandura, 1997; Eccles & Wigfield, 1995; Wigfield
et al., 2000). In the academic domain, self-efficacy refers to the belief students hold about their capability to
successfully perform and complete academic tasks (Bandura, 1997). The four primary sources of self-efficacy
are: 1) mastery experiences: interpretation of one’s own performance; 2) vicarious experiences: observation of
others’ performances; 3) social persuasions: messages received from others including teachers, parents and
friends; and 4) physiological states: emotional and somatic states, for example, anxiety and stress (Bandura,
1997). Student motivational beliefs or self-efficacy beliefs are influenced by students’ perceptions of teacher
behaviors and attitudes toward them (Eccles & Wigfield, 1995; Wigfield et al., 2006).

2.2 Math Self-Efficacy of Students in the United States and China

As explained above, Bandura claims that the primary sources of self-efficacy are mastery experiences, vicarious
experiences, social persuasion, and physiological responses (Bandura, 1997). All of these sources interact to
either develop or impede a person’s sense of self-efficacy (Bandura, 1986, 1997). Specifically, for students’ math
self-efficacy, mastery experiences refer to the interpretation of one’s own success in mathematics; vicarious
experiences refer to how a student observes the other students’ performance in math; social persuasion refers to
how encouraging/discouraging the social environment is and feedback from others including teachers, especially
math teachers, and parents; and physiological responses are the bodily reactions to a given mathematical task,
including anxiety and stress (Bandura, 1993).

In a school context, self-efficacy strongly influences the choices students make, the effort they expend, and how
long they persevere in the face of the challenges, all of which will influence their academic performance in
general (Pajares & Miller, 1994). A large body of literature indicates that students’ math self-efficacy was
positively associated with their math achievement (Kitsantas et al., 2010; Pajares & Miller, 1994; Skaalvik,
Federici, & Klassen, 2015; Yildirim, 2012). In addition, students’ math achievement impacts their math
self-efficacy. That is, math achievement and math self-efficacy may be mutually reinforcing in a positive way
(Bandura, 1993; Pajares & Miller, 1994).

In PISA 2003 and some other large-scale international databases including the Trends in International
Mathematics and Science Study (TIMSS), students in the United States showed higher math self-efficacy than
East Asian students, but their math achievement was lower than the OECD average (OECD, 2004; Lee, 2009).
The math self-efficacy level of the United States sample was one of the highest among 45 countries (Lee, 2009).
American students demonstrated much higher self-efficacy scores than their Asian peers in the study by Scholz
et al. (2002). The tendency of below average math achievement and above average self-efficacy in the United
States stayed consistent in PISA 2012 (OECD, 2014a).
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Based on the results of studies using large scale international databases, students in East Asian countries,
especially Japan and Korea, demonstrated relatively lower math self-efficacy (compared to OECD average) in
spite of their high scores on math performance (Lee, 2009; Scholz et al., 2002). Lee’s (2009) findings using
PISA 2003 revealed a global view of Asian countries; the students in South Korea and Japan exhibited the lowest
math self-efficacy among all 41 countries. By analyzing TIMSS data, Scholz et al. (2002) found studens in East
Asian countries showed lower levels of self-efficacy when compared to more than 20 other countries. Japan, and
Korea in particular, were the lowest. In terms of math achievement, students in these two countries were much
higher than the OECD average level in PISA 2003 and PISA 2012 (the focus of which was mathematics) (OECD,
2004; OECD, 2014a).

However, the trend of lower self-efficacy in other East Asian countries and economies might not extend to China.
The PISA report suggests the math self-efficacy of students in Shanghai, China to be above the OECD average.
Meanwhile, their achievement is the highest among all OECD countries (OECD, 2014a). Why do students from
Shanghai, China indicate such a difference in math self-efficacy? The explanation may lie in the specific
educational system and other demographic factors. Few scholars have performed a comparison between the
United States and China in terms of math self-efficacy. This is partly due to the unavailability of Chinese data in
this field before PISA 2012 data was released.

2.3 Teacher Support and Math Self-Efficacy

There are many dimensions that address the definition of teacher support in different ways according to previous
research. Klem and Cornell (2004) has defined teacher support in terms of students’ perspectives. First, students
need to feel that teachers are involved with them in school; that adults in school know and care about them.
Second, students need to have the feeling that they can make important decisions for themselves, and the work
they are assigned has relevance to their present or future lives. Finally, students also need a clear sense of
structure to make decisions. In addition, from the teacher’s perception, the definition of teacher support is “the
degree to which teachers listen to, encourage, and respect students” (Brewster & Bowen, 2004), which relates to
academic achievement. According to research addressing teacher-student relationship, teacher support is
identified as, teachers are getting along well with their students. Teachers enjoy spending time with students, and
students like to talk to their teachers (Hughes, Cavell, & Willson, 2001). In the current study, Klem & Cornell’s
(2004) definition is adopted because the items addressing teacher support in PISA 2012 are from the dimension
of student perceived teacher support, including students’ responses to various behaviors of their math teachers,
such as showing interests in their learning, giving them an opportunity to express their ideas, etc. (OECD,
2014b).

Previous studies have frequently reported that student perceived teacher support is one of the factors affecting
motivational beliefs (Federici & Skaalvik, 2014; Skaalvik, Federici, & Klassen, 2015; Sakiz, Pape, & Hoy, 2012;
Garmezy, 1994; Pianta, 1999) and academic achievement (Federici & Skaalvik, 2014; Klem & Cornell, 2004;
Pianta, 1999; Skaalvik et al., 2015). Supportive teacher-student relations in the classroom environment have
been shown to influence students' self-efficacy positively (Eccles, 2007; Federici & Skaalvik, 2014; Skaalvik et
al., 2015; Wentzel, 1998). Teacher behavior plays an important role in motivational constructs; that is, when
students perceive their teacher as supportive, they are more likely to be interested and successful in the class
(Federici & Skaalvik, 2014; Lapointe et al., 2005; Wentzel, 1998). The student's perception of teacher proximity
and influence is significantly associated with the student's self-efficacy for “average” and “talented” students
(Lapointe et al., 2005). Using PISA 2003, Yildirim (2012) found perceived teacher support was found to be a
significant positive predictor of math self-efficacy in Turkey. However, to date, there have been few studies
conducted about the relationship between teacher support and self-efficacy in the United States and China from a
comparative perspective.

2.4 Socioeconomic Status (SES) and Math Self-Efficacy

A student with a higher SES is more likely to have a higher score on math self-efficacy (Kisantas et al., 2010).
Eccles and her colleagues argued that students’ family SES (student-level SES) can influence their
achievement-related motivation, of which the main components are self-efficacy, task choice, and performance
(Eccles, 2007; Eccles, Wigfield, & Schiefele, 1998). Student-level SES was positively related to motivational
beliefs in Koutsoulis and Campbell’s (2001) study. In addition, Akyol, Sungur, and Tekkaya (2010) demonstrated
that some SES variables, such as parents’ highest educational level or number of books at home, may be
positively related to students using more advanced learning strategies and achievement. The PISA data adopted
three criteria to measure student’s family SES: the highest level of parental education according to the ISCED
classification, the highest parental occupation, and home possessions (e.g., the number of books at home).

63



ies.ccsenet.org International Education Studies Vol. 9, No. 12; 2016

School-level SES (the average family SES of all students in one school) difference was found to be a strong
predictor of math self-efficacy in Turkey (Yildirim, 2012). Overall, few scholars have compared the influence of
SES on the math self-efficacy, both at the student level and school level, of Chinese students and American
students.

2.5 Research Questions

Accordingly, few studies focused on the universals and specifics of math self-efficacy and potentially related
factors in the United States and China, particularly addressed these issue both at the student level and the school
level. Therefore, the present study intends to explore this issue from a comparative perspective. Specifically, this
study addresses the following research questions:

1) Student level
Are math teacher support and student SES associated with math self-efficacy of American and Chinese students?
2) School level

a. Are the relationships between math teacher support, student SES and math self-efficacy different in the U.S.
and China?

b. Is there any difference in the relationship between school mean SES and math self-efficacy in the two
countries?

3. Methodology
3.1 Data and Sample

In this study, the Programme for International Student Assessment (PISA) 2012 database was selected to
examine the research questions. PISA is a worldwide study by the OECD in member and non-member nations
and economies of 15-year-old school students' academic performance on mathematics, science, and reading. It
was first administered in 2000 and then repeated every three years. It serves the purpose of improving education
policies and outcomes. It measures problem solving and cognition in daily life (OECD, 2014a). Mathematics
was the major cognitive subject in 2012. PISA 2012 data is the most recent international large-scale dataset
focusing on mathematics and including a Chinese sample for the first time.

The student questionnaire data and school questionnaire data in the United States and Shanghai, China were
analyzed as an entire sample at the student level and the school level for current study. After list-wise deletion,
the final sample is 3,298 students nested in 314 schools. The cases with missing value in any variable were
excluded in the final sample, since the missing pattern of PISA data was completely random (OECD, 2013). For
the demographic characteristics, see Appendix A.

3.2 Variables
3.2.1 Dependent Variable

Math self-efficacy (MATHEFF). The Original PISA 2012 Index of Mathematics Self-Efficacy (MATHEFF) is
derived from students’ responses to the eight items in an item stem measuring the students’ confidence with
mathematical tasks (OECD, 2014b). The item stem of “How confident do you feel about having to do the
following mathematics tasks?” is followed by eight specific types of math activities, e.g., calculating the number
of square feet of tile needed to cover a floor, calculating how much cheaper a TV would be after a 30% discount,
etc. A 4-point Likert-type response of very confident, confident, not very confident, and not at all confident was
given to the respondents (Lee, 2009; OECD, 2014b). Missing values for these items are imputed and then
transformed to an international metric with OECD averages of 0 and OECD standard deviations of 1 (OECD,
2014b). Because only data for American and Chinese students are analyzed in the current study, the mean might
not be 0 and the standard deviation might not be 1 in this study. The greater value on this index represents higher
math self-efficacy. The technical report of PISA verifies that the index is a reliable estimate of student’s math
self-efficacy (OECD, 2014b).

3.2.2 Independent Variables.
Level 1: Student level.

Mathematics teacher support (MTSUP). The original PISA 2012 Index of Mathematics Teacher Support
(MTSUP) in mathematics lessons is derived from students’ responses to the four items following the item stem
of “Thinking about the mathematics teacher who taught your last mathematics class: to what extent do you agree
with the following statements?”” The items are, for instance, a. My teacher lets us know we need to work hard;
and d. My teacher gives students the opportunity to express opinions. A four-point Likert scale with the response
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categories recoded as “Strongly disagree” (=0), “Disagree” (=1), “Agree” (=2) and “Strongly agree” (=3) was
used. All items are inverted and positive values on this index indicate students’ perceptions of higher levels of
teacher support (OECD, 2013; Yildirim, 2012). According to the PISA technical report, the index is a reliable
estimate of math teacher support (OECD, 2014b).

SES (ESCS). The PISA 2012 database includes a broader socio-economic measure called the Index of Economic,
Social and Cultural Status (ESCS), which is derived from three variables related to family background: the index
of highest level of parental education according to the ISCED classification (PARED), the index of highest
parental occupation status (HISEI), and the index of home possessions (HOMEPOS). A higher ESCS represents
a higher SES. Similar to MATHEFF, the OECD average on both indices of MTSUP and ESCS is 0 and the
OECD standard deviations is 1 (OECD, 2014b).

Level 2: School level.

Location (LOCATION). The original variable CNT (country code) was recoded as 1 = China, 0 = the United
States. In order to conduct a comparison between the United States and Shanghai, China, this variable was set up
as a moderator in the present study. CNT moderated the relationship between school mean SES (level 2) and
students’ math self-efficacy (level 1); the relationship between perceived teacher support (level 1) and students’
math self-efficacy (level 1); and the relationship between student SES (level 1) and students’ math self-efficacy
(level 1).

School mean SES. The student level ESCS was aggregated to school level to get the school mean SES.
3.2.3 Control Variables.

In the current study, gender (FEMALE), grade (GRADE 10), program orientation (GENERAL), immigrant
status (NATIVE) and student math achievement (MATHACHI) were statistically controlled on the student level
(Kim & Law, 2012). School sector (PUBLIC) was controlled on the school level. See Appendix B for the full
descriptions of the variables.

3.3 Statistical Analysis Methods

In this study, all data were analyzed using HLM 7.0 after being weighted by final student weight (W_FSTUWT).
An alpha level of .05 was used to denote statistical significance. The cases with missing value in IVs or DV were

excluded from the final data using listwise deletion, since the missing pattern of PISA data was random (OECD,
2013).

Hierarchical linear regression analysis was used to explore the relationship between SES and teacher support and
math self-efficacy on both the student level (level 1) and the school level (level 2) by country. Three hierarchical
linear models were designed to address the research questions.

Model 1. Fully Unconditional Model (One-way ANOVA random effect model without predictors)
Level-1 Model
MATHEFF; = By + 1y

Level-2 Model

Boj = oo + ug;
MATHEEFF is student math self-efficacy: the dependent variable.
Model 2. Partially Conditional Model (Random coefficient model with level 1 predictors only)
Level-1 Model

MATHEFF; = By + B1;*(ESCSy) + B *(MTSUPy) + B3*(FEMALE) + B,/*(GRADEI10) + Bs*(NATIVE;) +
B (MATHACHI) + f,7*(GENERAL) + ry

Level-2 Model

Boj =700+ ug

Bii=vi0t+uy
B2 =720+ uy

/’)31' =730
/’)41' = Y40
/’)51' =7Vs0
ﬁéj =Yoo
Br=vn0
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ESCS is the student SES.
MTSUP is the perceived math teacher support.

In this model, all independent variables were centered by group mean. Among these variables, gender
(FEMALE), grade (GRADEI10), program orientation (GENERAL) immigrant status (NATIVE) and student math
achievement (MATHACHI) were control variables on level 1; after testing the partially conditional model with
random effect of these variables, there were no between-school differences on the slopes of the control variables,
so those random effects were treated as fixed on level 2.

Model 3. Fully Conditional Model (Intercepts and slopes as outcomes model with both level 1 and level 2
predictors)

Level-1 Model
MATHEFF; = g + B;*(ESCSy) + B *(MTSUPy) + f3*(FEMALE )+ B4*(GRADE10y) + Bs*(NATIVE ;) +
Lo *(MATHACHI) + p7*(GENERAL) + r;
Level-2 Model
By = 00+ yor*(PUBLIC)) + y5,*(ESCS_MEA,) + yys*(LOCATION))+ 7o *(INTERACT,)) + uy
By =710+ y1*(PUBLIC) + y 2 *(ESCS_MEA;) + y13*(LOCATION)) + uy;
B =20 + 72 ¥(PUBLIC)) + y2,*(ESCS_MEA;) + y,5*(LOCATION,)+ u,

ﬁ3j =730
ﬁ4j = Y40
ﬁ5j =7Vs0
ﬁaj =Yoo
Bri=vn

ESCS_MEA is the school mean SES.

INTERACT is the variable I created for the interaction between location and school mean SES on math
self-efficacy.

In this model, level-1 variables were centered and treated as Model 2. On level 2, PUBLIC (school sector) and
ESCS-MEAN (school mean SES) were grand mean centered. Since the adjusted means with control for level-2
control, variables were used here.

For control variables, there were no between-school differences in their slopes, so those random effects were
treated as fixed on level 2 in the fully conditional model as well.

4. Results
4.1 Background Results

The descriptive statistics is presented in Table 1 for the entire sample and by location. Specifically, the mean
math self-efficacy of the United States sample was lower (mean = .17) than that of Shanghai, China (mean = .91).
The mean math teacher support of American students was lower (mean = .30) than that of Chinese students
(mean = .53). The mean ESCS was higher in the United States sample (mean = .17) than in the Shanghai, China
sample (mean = -.38). The math achievement in the United States sample was below the OECD average (mean =
486), and in China was above the OECD average (mean = 613).
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Table 1. Descriptive statistics

United States China
Level 1 Variables Mean S.D.

Mean S.D. Mean S.D.

ESCS

.16 97 17 97 -38 .95
(SES)
Teacher Support .30 1.02 .30 1.02 .53 95

Math Achievement  489.32 8827 486.28 8586 613.08 96.27

Math Self-efficacy .19 1.01 17 1.01 91 1.11
United States China
Level 2 Mean S.D.
Mean S.D. Mean S.D.
ESCS-MEAN
-.10 .63 18 .56 -.38 .58
(School mean SES)

Based on the background results, HLM was applied to examine the relationships between math teacher support,
student SES, school mean SES and math self-efficacy and whether the relationships differ by location.

4.2 Results of Model 1

There was no predictor added in this model. The results (see Table 2) show that the overall mean math
self-efficacy of these students was .19 (yo = .19, t = 5.26, p < .05). The total variance within schools was r
=.960, the total variance between schools was uy =.074, and the variance between schools was significant ()(2 =
645.45, p < .05). The intraclass correlation (ICC) was .074/(.074+.960) = .072. This indicated that 7.2% of the
variance in math self-efficacy was between schools, which were a significant between-school variance.
Therefore, it was appropriate to perform a multilevel analysis (Raudenbush & Bryk, 2002). The relationships
between math self-efficacy and related variables at both the student level and the school level were examined in
the following analysis.

Table 2. Final estimation of variance components for fully unconditional model

Fixed Effect Coefficient SE t-Ratio  p-Value
INTERCEPT, yoo .186 .035 5.257 <.001
Variance
Random Effect
Coefficient  df x> p-Value
INTECEPT 1, ug .074 311 645.45 <.001
Level-1,r 960

4.3 Results of Model 2

After entry of the level-1 predictors and control variables, the results (in Table 3) suggest that the overall mean
math self-efficacy of these students above and beyond the effects of level-1 variables was .10 (yg = .10, t = 4.98,
p <.05). On average, student SES was significantly related to math self-efficacy within schools in both countries
(y10 = .11, t = 3.60, p < .05). One unit increase in SES was associated with an increase in math self-efficacy
by .16. On average, perceived math teacher support was significantly associated with student math self-efficacy
within schools in both locations (v, = .17, t = 6.70, p <.05). One unit increase in math teacher support is related
to an increase in math self-efficacy of .17. There was a gender gap in the math self-efficacy within schools in
both countries on average (y;o = -.22, t = -4.74, p < .05). Female students’ math self-efficacy was .22 lower than
their male counterparts. On average, math achievement was significantly associated with student math
self-efficacy within schools in the U.S and Shanghai, China (yg = .01, t = 20.90, p < .05). One point increase in
math achievement was accountable for .01 increase of math self-efficacy. Based on the estimation of variance
component, the percent of variance explained by level-1 predictors was .96 - .60/.96 = .38.
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Table 3. Final estimation of variance components for partially conditional model

Fixed Effect Coefficient SE t-Ratio p-Value
INCERCEPT 2, ygo .098 .036 4.979 <.001
For ESCS Slope, vio 112 .031 3.603 <.001
For MTSUP, v 167 .025 6.695 <.001
For FEMALE slope, y30 -215 .045 -4.739 <.001
For GRADEI10 slope, Y40 -.080 .053 -1.505 132
For NATIVE slope, yso -.135 .067 -2.013 .044
For MATHACHISslope, y40 .006 .000 20.904 <.001
For GENERAL slope, v+ 280 614 457 .648
Variance
Random Effect Coefficient df X p-Value
INTRCPT], u, .116 305 892.23 <.001
ESCS slope, u; .019 305 376.84 .003
MTSUP slope, u, .018 305 411.70 <.001
level-1, r .602
4.4 Results of Model 3

The level-2 predictors and control variables were added to the fully conditional model. The results are presented
in Table 4. In this model, school mean SES had a significantly positive effect on student math self-efficacy when
controlling for school sector (Yo, = .36, t = 5.90, p< .05). One unit increase in school means SES was associated
with an increase in math self-efficacy of .36. For math self-efficacy, location had a significant positive effect (yo3
=1.09, t = 22.42, p< .05). The effect size of the moderation of location was y*(S,/S,) = 1.09*(.50/1.01) = .54,
which indicated a large effect (Raudenbush & Bryk, 2002). Students in Shanghai, China, on average, had
significantly higher math self-efficacy than those of the United States by 1.09, controlling for the effects of
school mean SES, school sector and location. There was a significant interaction between location and school
mean SES on students’ math self-efficacy (yoq = .39, t =5.10, p<.05).

After controlling for school sector, there was a stronger positive relationship between school mean SES and math
self-efficacy in schools of Shanghai, China than in the United States. Specifically, the gap in math self-efficacy
between the higher mean SES school and lower mean SES school was smaller in the United States. No
interaction between student SES and location on math self-efficacy was found after controlling for the student
level variables, school sector and school mean SES (y;3 = -.02, t = -.33, p>.05). There was no difference in the
relation between perceived math teacher support and math self-efficacy between these two locations after
controlling for the school sector and school mean SES (y,; = .03, t = .74, p>.05). In other words, the relationship
between student SES, math teacher support and math self-efficacy does not vary by location. In addition, the
gender gap existing in the math self-efficacy within schools in both countries did not change after controlling for
level 2 variables (y3p = -.22, t = -4.75, p< .05). The same can be said about the positive association between
student math achievement and student math self-efficacy in the U.S and Shanghai, China, after controlling for
level-2 variables (ygo = .01, t = 20.69, p< .05).

Table 4. Final estimation of variance components for fully conditional model

Fixed Effect Coefficient SE t-ratio p-value

For INTRCPTI,

INTRCPT2, yy .006 .037 1.628 .104
PUBLIC, yy, 144 .109 1.318 188
ESCS_MEA, 7y, 364 .062 5.904 <.001
LOCATION, yp3 1.09 .049 22.426 <.001
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INTERACTION (Location * School .340 .076 5.097 <.001
Mean SES), yo4

For ESCS slope, £,

INTRCPT2, y .104 .035 2.895 .004
PUBLIC, y;; -.042 116 -370 712
ESCS_MEA, y;» .037 .057 .647 518
LOCATION, y;3 .016 .055 284 77

For MTSUP slope, f5>

INTRCPT2, 75 152 030 4975 <001
PUBLIC, 7, 032 .090 359 720
ESCS_MEA, 2, 045 050 893 372
LOCATION, y2; 034 046 074 460

For FEMALE slope, f;

INTRCPT2, y39 =216 .045 -4.750 <.001
For GRADEIO slope, 84

INTRCPT2, y4 -.081 .053 -1.509 131
For NATIVE slope, S5

INTRCPT2, ys59 -131 .068 -1.987 .052
For MATHACHLI slope, S5

INTRCPT2, y .006 .000 20.692 <.001
For GENERAL slope, f;

INTRCPT2, y7 281 .615 457 .648
Variance
Random Effect Coefficient df x> p-Value
INTRCPTL, u, .065 301 645.95 <.001
ESCS slope, u; .019 304 373.73 .003
MTSUP slope, u; .017 304 408.72 <.001
level-1, r .604

According to random effects estimation, change in top was (.117-.065)/.117 = .44. That is, 44% of the variance
between schools in mean math self-efficacy was explained by school sector, school mean SES, and location and
the interaction between school mean SES and location. However, variation remained after considering level-2
variables (p < .05). Change in t;; was (.0193-.0187)/.0193 = .03. Only 3% of the variance in the relationship
between student SES and math self-efficacy, across schools, was explained by school sector, school mean SES,
location, and the interaction between school mean SES and location. Those factors cannot explain the
relationship between student SES and math self-efficacy (p < .05). Change in 1), was (.018-.017)/.018 = .06. Six
percent of the variance in the relationship between math teacher support and math self-efficacy across schools
was explained by level-2 variables. Those factors cannot explain the relationship between math teacher support
and math self-efficacy either (p <.05).

5. Discussion
5.1 Math Self-efficacy and Math Achievement in the United States and Shanghai, China

The results in the current study suggest that the math self-efficacy in both locations is above the OECD average
level (positive value, overall mean = 0), and students in Shanghai have significantly higher math self-efficacy
than their American counterparts, corresponding to their higher achievement. This finding is consistent with the
pervious study that students math self-efficacy is found to be positively associated with math achievement
(Kitsantas et al., 2010; Pajares & Miller, 1994; Skaalvik, Federici, & Klassen, 2015; Yildirim, 2012).
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However, this is the opposite of the relatively lower math self-efficacy in other East Asian countries based on
previous studies (Lee, 2009; Scholz et al.,, 2002). One possible explanation for this could be different
understandings of the measure items between the two countries, which were caused by the different difficulty
levels of math curricula (Ma, 1999). The tasks were not challenging to solve for 15 years old students in
Shanghai, given that the Chinese national math curriculum is much more demanding than the general level in
America for the students of same age (Ma, 1999). Chinese students might have treated these items as math
problems more than measurement for psychological traits, and most of them could have been very confident in
solving the problems. Thus, more evidence of the validity of the Chinese version of math self-efficacy
measurement in PISA is needed to explain this difference. Another possible explanation lies in a specific feature
of the Chinese sample. Shanghai is the most developed area in China. Compared to the majority of areas in
China, the quality of student performance here is much better. The schools can also recruit the best teachers and
provide the best facilities due to the stronger economic support by local government or enterprises (The Editorial
Board, 2013; Brown, 2013). Therefore, the students’ math self-efficacy may rank highest in China, and higher
than the national average level of the United States.

5.2 Student-Perceived Math Teacher Support and Student Math Self-Efficacy

Student-perceived math teacher support is positively associated with student math self-efficacy, both in the
United States and Shanghai, China, which keeps congruity with the conclusion of prior studies (Yildirim, 2012;
Lapointe et al., 2005; Wentzel, 1998). That is, in both locations, more teacher support in math class predicts
higher math self-efficacy of students. In this study, there is no difference in the association between math teacher
support and the math self-efficacy of students in the United States and Shanghai, although on average, Chinese
students perceived slightly more teacher support than their American peers. This may be related to the specific
cultural background. The education of China (House, Hanges, Javidan, Dorfman, & Gupta, 2004), is greatly
shaped by Confucian thought. In the classroom setting, Chinese students are educated to keep to the ritual,
honour teachers, and highly value teachers’ support, while not encouraged challenging the authority of teachers
(Biggs, 1998). Therefore, from students’ perspectives, math teacher’s supportive behaviors may be appreciated
more by Chinese students than their American counterparts.

5.3 Student SES and Math Self-Efficacy of Students

In this study, students with higher SES scores are more likely to have higher math self-efficacy in both locations,
after controlling for several student level and school level variables; this is consistent with previous research
(Koutsoulis & Campbell, 2001; Akyol et al., 2010). This association does not differ between these two
economies. The high SES students reported higher math self-efficacy than the students with low SES in the
United States and Shanghai, China.

5.4 School Mean SES and Student Math Self-Efficacy

According to the results, there is an interaction between school mean SES and location on student math
self-efficacy. The gap in the student math self-efficacy between the higher mean SES school and lower mean
SES school is larger in Shanghai, China, than the United States. That is, the United States is more equitable
between schools, compared to Shanghai in terms of math self-efficacy. This possibly is due to the elitist system
of China, where greater resources and elite instructors are given to favored schools (The Editorial Board, 2013).

5.5 Student SES and Math Achievement

It is worth mentioning that reverse relationships are present in the descriptive statistics between student SES and
math achievement between the two locations. The United States sample shows higher average student SES than
Shanghai, but lower math achievement. As a developing country, it is not surprising that China has a relatively
lower average SES and income level in general, even though Shanghai is the wealthiest part of China. On the
other hand, the math achievement of Chinese students in Shanghai is much higher than that of American students.
This finding is consistent with the previous studies on East Asian students (Lee, 2009; Scholz et al. 2002; OECD,
2004). A student’s achievement is highly valued by East Asian parents, schools, and societies, regardless of the
student’s family background (Lee, 2009). The higher quality of students in Shanghai and the much more rigorous
national math curriculum in China also could account for the achievement gap in some way (Ma, 1999).
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6. Conclusion
6.1 Implications

The findings of this study from a comparative perspective may contribute to the reform of educational system in
the United States and China. Teachers in the United States might change their teaching style based on the result
of the current study and establish an environment focusing on improving student self-efficacy, which will boost
the students’ math achievement. The positive relationship between self-efficacy and math achievement is
consistent in both locations. Thus, in order to improve the students’ performance in math, it is important to
increase their math self-efficacy, especially in the United States where the students showed lower self-efficacy,
compared to their high performing counterparts in China. Given the importance of self-efficacy to students’
achievement, it must be taken into consideration when developing pedagogical strategies to help students meet
the CCSS. Additionally, this study provides evidence for Shanghai to take action to narrow the gap between
schools, and encourages Shanghai to move away from the elite system toward a more egalitarian, neighborhood
attendance system.

6.2 Limitations

There are several limitations existing in the present study. Ethnic groups and racial differences need to be taken
into consideration for the United States data, as the United States is known for its characteristic of diversity
(Kitsantas et al., 2010). However, the United States specific variable of Race/Ethnicity was not accessible since a
Restricted-use Data License of NCES, unfortunately, was not granted for this study. In addition, the Chinese
sample only includes the data from Shanghai, the most developed area of China. Schools in Shanghai include the
best students in China, applying the most demanding curriculum. The rural-urban gap is very wide in China. In
fact, students in Shanghai might have the highest SES among all areas, so the representativeness of the sample
may affect the generalization of the findings to all Chinese students. Finally, given results of final model, there
are still significant random variances left. Additional studies are planned to examine the effects of other potential
variables after more areas of China join the PISA as a whole in 2015. For instance, variables on the parent level
and more variables about social-cultural differences will be examined in future studies.

Acknowledgments

I would like to express my deepest appreciation to all those who provided me the possibility to complete this
manuscript. I would like to acknowledge Dr. Jackyung Lee, Dr. Seong Won Han and Dr. Chia-Chiang Wang for
sharing their wisdom with me during the course of this research. I would also like to thank Yoonha Shin, Bruce
Acker and Jacqueline Conroy for their comments on an earlier version of the manuscript.

References

Akyol, G., Sungur, S., & Tekkaya, C. (2010). The contribution of cognitive and metacognitive strategy use to
students’  science  achievement.  Educational = Research  and  Evaluation, 16, 1-21.
http://dx.doi.org/10.1080/13803611003672348

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ:
Prentice Hall. http://dx.doi.org/10.1037/10401-000

Bandura, A. (1993). Perceived self-efficacy in cognitive development and functioning. Educational Psychologist,
28(2), 117-149. http://dx.doi.org/10.1207/s15326985ep2802 3

Bandura, A. (1997). Self-efficacy: The exercise of control. New York, NY: Freeman.

Biggs, J. (1998). Learning from the Confucian heritage: So size doesn’t matter? International Journal of
Educational Research, 29(8), 723-738. http://dx.doi.org/10.1016/S0883-0355(98)00060-3

Brewster, A. B., & Bowen, G. L. (2004). Teacher Support and the School Engagement of Latino Middle and
High School Students at Risk of School Failure. Child and Adolescent Social Work Journal, 21(1), 47-67.
http://dx.doi.org/10.1023/B:CASW.0000012348.83939.6b

Common Core Standards. (2013). K-8 publishers’ criteria for the Common Core State Standards for
Mathematics. Retrieved from http://www.corestandards.org/assets/Math Publishers_Criteria_ K-8 Summer%
202012_FINAL.pdf

Eccles, J. S., Wigfield, A., & Schiefele, U. (1998). Motivation to succeed. In W. Damon (Series Ed.) & N.
Eisenberg(Vol. Ed.), Handbook of child psychology (5th ed., Vol. 3, pp. 1017-1095).New York, NY: Wiley.

Federici, R. A., & Skaalvik, E. M. (2014). Students' perceptions of emotional and instrumental teacher support:
Relations with motivational and emotional responses. International Education Studies, 7(1), 21-36.

71



ies.ccsenet.org International Education Studies Vol. 9, No. 12; 2016

http://dx.doi.org/10.5539/ies.v7nlp21

Garmezy, N. (1994). Reflections and commentaries on risk, resilience, and development. In R. J. Haggerty,
L.Sherrod, N. Garmezy, & M. Rutter (Eds.), Stress, risk, and resilience in children and adolescents:
Processes, mechanisms, and interventions (pp. 1-19). New York: Cambridge University Press.

Gewertz, C. (2013, February 27). Teachers say they are unprepared for Common Core. Education Week.
Retrieved from http://www.edweek.org/ew/articles/2013/02/27/22comnion_ep.h32.html

House, R. J., Hanges, P. J., Javidan, M., Dorfman, P. W., & Gupta, V. (2004). Culture, leadership, and
organizations: The GLOBE study of 62 societies. Thousand Oaks, CA: SAGE Publications.

Hughes, J. N., Cavell, T. A., & Willson, V. (2001). Further Support for the Developmental Significance of the
Quality of the Teacher-Student Relationship. Journal of School Psychology, 39(4), 289-301.
http://dx.doi.org/10.1016/S0022-4405(01)00074-7

Kim, D. H., & Law, H. (2012). Gender Gap in Maths Test Scores in South Korea and Hong Kong: Role of
Family Background and Single-Sex Schooling. International Journal of Educational Development, 32(1),
92-103. http://dx.doi.org/10.1016/j.ijjedudev.2011.02.009

Kitsantas, A., Ware, H. W., & Cheema, J. (2010). Predicting Mathematics Achievement from Mathematics
Efficacy: Does Analytical Method Make a Difference? The International Journal of Educational and
Psychological Assessment, 5,25-44.

Klem, A. M., & Connell, J. P. (2004). Relationships Matter: Linking Teacher Support to Student Engagement and
Achievement. Journal of School Health, 74(7), 262-273.
http://dx.doi.org/10.1111/j.1746-1561.2004.tb08283 .x

Koutsoulis, M. K., & Campbell, J. R. (2001). Family processes affect students' motivation, and science and math
achievement in Cypriot high schools. Structural Equation Modeling, 8(1), 108-127.
http://dx.doi.org/10.1207/S15328007SEMO0801 6

Lapointe, J. M., Legault, F., & Batiste, S. J. (2005). Teacher interpersonal behaviour and adolescents’ motivation
in mathematics: A comparison of learning disabled, average, and talented students. International Journal of
Educational Research, 43, 39-54. http://dx.doi.org/10.1016/j.ijer.2006.03.005

Lee, J. (2009). Universals and specifics of math self-concept, math self-efficacy, and math anxiety across 41
PISA 2003 participating countries. Learning and Individual Differences, 19, 355-365.
http://dx.doi.org/10.1016/].1indif.2008.10.009

Liu, X., & Zhou, L. (2007). The relationships of academic feedback, mathematic self-efficacy and mathematic
achievement of students in grade seven. Chinese Journal of Clinical Psychology, 15(1).

Ma, L. (1999). Knowing and Teaching Elementary Mathematics: Teachers’ Understanding of Fundamental
Mathematics in China and the United States. Lawrence Erlbaum Associates, Inc.

OECD (2014b). PISA 2012 Technical Report. Retrieved from http://www.oecd.org/pisa/

OECD. (2004). Learning for tomorrow's world: First results from PISA 2003. Paris Author.
http://dx.doi.org/10.1787/9789264006416-en

OECD. (2013). Codebook for PISA 2012 Main Study Student Questionnaire. Retrieved from
http://pisa2012.acer.edu.au/downloads/M_stu_codebook.pdf

Organization of Economic Cooperation and Development (OECD). (2014a). PISA 2012 Results in Focus: What
15-year-olds know and what they «can do with what they know. Retrieved from
http://www.oecd.org/pisa/keyfindings/pisa-2012-results-overview.pdf.

Pajares, F., & Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in mathematical problem
solving: A path analysis.  Journal of  Educational  Psychology, 86, 193-203.
http://dx.doi.org/10.1037/0022-0663.86.2.193

Pianta, R. C. (1999). Enhancing relationships between children and teachers. Washington, DC: American
Psychological Association. http://dx.doi.org/10.1037/10314-000

Porter, A., McMaken, J., Hwang, J., & Yang, R. (2011). Assessing the Common Core Standards opportunities for
improving measures of instruction. Educational Researcher, 40(4), 186-188.
http://dx.doi.org/10.3102/0013189X11410232

Raudenbush, S. W., & Bryk, A. S. (2002). Hierarchical linear models: Applications and data analysis methods

72



ies.ccsenet.org International Education Studies Vol. 9, No. 12; 2016

(Vol. 1). Thousand Oaks, CA: SAGE Publications Inc.

Sakiz, G., Pape, S. J., & Hoy, A. W. (2012). Does perceived teacher affective support matter for middle school
students in mathematics classrooms? Journal of School Psychology, 50(2), 235-255.
http://dx.doi.org/10.1016/].jsp.2011.10.005

Scholz, U., Dona, B. G., Sud, S., & Schwarzer, R. (2002). Is general self-efficacy a universal construct?
Psychometric findings from 25 countries. European Journal of Psychological Assessment, 18, 242-251.
http://dx.doi.org/10.1027//1015-5759.18.3.242

Skaalvik, E. M., Federici, R. A., & Klassen, R. M. (2015). Mathematics achievement and self-efficacy: Relations
with motivation for mathematics. International Journal of Educational Research, 72, 129-136.
http://dx.doi.org/10.1016/].ijer.2015.06.008

The Editorial Board. (2013). Why Other Countries Teach Better. Three Reasons Students Do Better Overseas.
The New York Times. Retrieved from
http://www.nytimes.com/2013/12/18/opinion/why-students-do-better-overseas.html?pagewanted=all& r=0

Wentzel, K. R. (1998). Social relationships and motivation in middle school: The role of parents, teachers, and
peers. Journal of Educational Psychology, 90, 202-209. http://dx.doi.org/10.1037/0022-0663.90.2.202

Wigfield, A., Eccles, J. S., Schiefele, U., Roeser, R. W., & Davis-Kean, P. (2006). Development of achievement
motivation. In W. Damon, & R. M. Lerner (Series Eds.), & N. Eisenberg (Vol. Ed.), Handbook of child
psychology: Vol. 3 Social, emotional, and personality development (6th ed., pp. 933-1002). Mahwah, NJ:
Wiley.

Yildirim, S. (2012). Teacher support, motivation, learning strategy use, and achievement: A multilevel mediation
model. The Journal of Experimental Education, 80(2), 150-172.
http://dx.doi.org/10.1080/00220973.2011.596855

Zajacova, A., Lynch, S. M., & Espenshade, T. J. (2005). Self-efficacy, stress, and academic success in college.
Research in Higher Education, 46, 677-706. http://dx.doi.org/10.1007/s11162-004-4139-z

Zhang, Y. (2007). Review of research on mathematics self-efficacy. Journal of Mathematics Education, 16(2).

Appendix A
Descriptive Statistics Table of Background Information

Table A. Descriptive statistics of sample (Unweighted)

All United States Shanghai, China
Variables Category N Frequency (%) N Frequency (%) N Frequency
(%)
All Students 3298 100.0 1599 100.0 1699 100.0
Gender Female 1632 495 774 484 858 50.5
Male 1666  50.5 825 51.6 841 49.5
Grade 10th Grade 2080 63.1 1175 735 905 53.3
Other 1218  36.9 424 26.5 794 46.7
Program orientation General 2944 893 1599 100.0 1345 79.2
Other 354 10.7 354 20.8
Immigrant status Native 2943 89.2 1265 79.1 1678 98.8
Non-native 355 10.8 334 209 21 1.2
All Schools 314 95 159 155
School sector Public 284 8.6 143 89.9 141 91.0
Private 30 .9 16 10.1 14 9.0
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Appendix B

Descriptions of Variables

Table B. Descriptions of measures and variables

Variables Name In Model Description

Dependent Math self-efficacy =~ MATHEFF MATHEFF Index

Variable

Independent Socioeconomic ESCS ESCS Index

Variables status (SES).

(Student Level)  Math teacher MTSUP MTSUP Index
support

Independent Location LOCATION  United States = 0; China = 1

Variables School mean SES. ESCS MEA  Aggregated from the student level ESCS

(School Level)

Control Gender FEMALE Gender (FEMALE), it is a categorical variable recoding

Variables Grade GRADE 10 as 0 = Female, 1 = Male in current study. Grade

(Student Level)  Program GENERAL (GRADE 10), grade variable was recoded into a dummy
orientation variable, grade 10 = 1, other grades = 0.Program

Immigrant status NATIVE orientation (GENERAL), the program orientation
variable ISCEDO in PISA 2012 was recoded as 1 =
General program, 0 = Other program (Vocational &
Pre-vocational).Immigrant status (NATIVE), the
original variable of IMMIG represent the country of
birth in PISA 2012 was recoded as 1 = Native students
(Native students), 0 = Non-native students(First and
second generation students) (Kim & Law, 2012).

Math achievement = MATHACHI  In present study, since HLM can’t handle the repeated
weight, the first plausible value denoted as PVIMATH
in the PISA 2012 database for the mathematics scale
was used as the value of math achievement for each
nation. The OECD average math achievement score in
PISA 2012 is 500. According to the OECD report, the
average math achievement score for Shanghai, China is
613, and that for United States is 481 (OECD, 2014).

Control School sector PUBLIC The original variable SC01QO01 (Public or private) was
Variables coded as 1 = Public school, 0 = Private school.

(School Level)
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