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Abstract
This study aimed at exploring the formation mechanism of mathematics self-concept of left-behind children and the influence
mechanism of mathematics self-concept on their mathematics achievement. In study 1, the formation mechanism of mathematics
self-concept was examined using multilevel analyses of 874 left-behind children. The results showed that (1) the individual
mathematics achievement of left-behind children had a significant positive predictive effect on mathematics self-concept,
Chinese achievement had a significant negative predictive effect onmathematics self-concept, and the class-average mathematics
achievement had no significant effect on mathematics self-concept; and (2) when left-behind children were the majority group,
there was an assimilation effect on downward interpersonal social comparison. When left-behind children were the minority
group, there was a contrast effect on upward intergroup social comparison. In study 2, the influence mechanism of mathematics
self-concept of 585 left-behind children was investigated with a tracking research. The results suggested that (1) Time 1
mathematics self-concept had significant effects on Time 2 mathematics school engagement at between-group and within-
group levels; and (2) Time 2 mathematics school engagement played a partial mediating role between Time 1 mathematics
self-concept and Time 2 mathematics achievement at the within-group level. These results indicate that the formation and
influence mechanism of mathematics self-concept of left-behind children is influenced by contextualized characteristics.

Keywords Mathematics self-concept . Left-behind children . Internal/external frame of reference model . Big-fish-little-pond
effect . Interpersonal and intergroup comparison . School engagement

Introduction

Academic self-concept expresses how students perceive their
own skills as a result of the feedback and experience gained in
a school environment (Cetinkaya 2017). Academic self-
concept was first proposed by Shavelson et al. (1976) in their
theory of hierarchical and multidimensional self-concept.
Since then, it has been used in almost all academic domains,
including mathematics, English, science, and some other sub-
jects, for which it is divided into somewhat different self-
concepts corresponding to different domains. Marsh and
Shavelson (1985) posited a revised Marsh/Shavelson model
that focused on the two core domains of mathematics and
verbal academic self-concepts. The substantial relationship
between academic self-concept and desirable outcomes, such

as achievement performance, academic success, has been
demonstrated (Mendaglio 2013; Parker et al. 2014;
Trautwein and Moller 2016). For example, Pinxten et al.
(2014) reported that mathematics self-concept had positive
effects on mathematics achievement in Belgian primary
school students, and Chen et al. (2015) noted that academic
self-concept is conducive to the academic achievement of
Taiwanese students. Thus, understanding the formation and
influence mechanism of academic self-concept is a major con-
cern in educational settings.

Research has proven that comparisons are important ante-
cedents of academic self-concept (Marsh and Martin 2011;
Möller and Marsh 2013). The studies of academic self-
concept formation mainly focused on the dimension compar-
ison and social comparison effects that emanated from the
internal/external frame of reference model (I/E model) and
the big-fish-little-pond effect (BFLPE) (Chmielewski et al.
2013; Pinxten et al. 2015). In addition, Byrne (1996) found
that gender, cognitive ability, socioeconomic status, and other
demographic variables could influence the formation of aca-
demic self-concept. Although academic self-concept
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formation and the factors related to it have been extensively
investigated, little is known about the formation of academic
self-concept in left-behind children. We cannot ascertain the
extent to which we can transfer our general knowledge about
academic self-concept development on left-behind children.

Left-behind children are a universal phenomenon, but the
regions with the greatest number of left-behind children in-
clude China, Philippines, and Moldova (Tarroja and Fernando
2013; Vanore et al. 2015). These developing countries have
been undergoing rapid industrialization and urbanization, and
large-scale rural-urban migrations or international labor mi-
gration lead to an increased number of left-behind children.
The left-behind children are characterized by the separation
from parents, remaining in their rural hometowns and left in
the care of relatives or others. Left-behind children are more
vulnerable to problems, such as psychological pressure (He
et al. 2012; Hu et al. 2014), emotional problems (Fan et al.
2010; Gao et al. 2010), low self-esteem (Luo et al. 2012; Sun
et al. 2015), loneliness (Jia and Tian 2010; Ai and Hu 2016),
anxiety (Zhao et al. 2014), and behavioral problems (Fan et al.
2010). A meta-analysis focusing on left-behind children in
China suggested that the negative impact of parental migration
is consistent with research on left-behind children from other
countries (e.g., Philippines, Sri Lanka, Ecuador, Mexico)
(Valtolina and Colombo 2012).

Owing to long-term parent-child separation, parental mi-
gration has a negative impact on children’s academic achieve-
ments (Wang and Mesman 2015; Zhao and Yu 2016).
Academic problems of left-behind children have become a
research focus over the past decade (Roy et al. 2015; Li
et al. 2017; Bai et al. 2018). McKenzie and Rapoport (2011)
found that family migration reduces the educational attain-
ments of the rural Mexican children. Zhang et al. (2014) found
that the absence of both migrant parents significantly reduced
the learning achievements of Chinese left-behind children.
Cortes (2015) found that Filipino children with migrant
mothers were more likely to lag behind in their learning com-
pared to children of non-migrant parents. In short, left-behind
children are more likely to get low scores in academic exam-
inations than non-left-behind children (Fu et al. 2017).
Additionally, Yao and Mao (2008) and Wang et al. (2014)
found that the academic self-concept of left-behind children
was lower than that of peer non-left-behind children.

Despite these common characteristics and problems, how-
ever, due to the unique social structure and household regis-
tration system (hukou), left-behind children in China are dif-
ferent from those in other places (Liu et al. 2017). First, ac-
cording to the data in 2017, there are more than 68million left-
behind children in China, which is an important segment of
the population that needs to be taken seriously (Duan et al.
2017). Second, the current public opinion toward left-behind
children in China is negative, and their academic, psycholog-
ical, and behavioral problems have been gradually

exaggerated, labeled, and stigmatized (Gu et al. 2011).
These children have been labeled as inferior, which contrib-
utes to their psychological sense of inferiority. Third, the
Chinese Government has issued plans and implemented pro-
grams to address the education of rural left-behind children in
the stage of compulsory education (State Council of the
People’s Republic of China 2016). Attention to the academic
self-concept of left-behind children should be helpful in re-
ducing the urban–rural educational inequality and ultimately
driving societal development in China as a whole (Wen and
Lin 2012).

Despite the voluminous extant literature on the subject, few
studies have examined the academic self-concept of left-
behind children, resulting in significant gaps in our under-
standing of their academic self-concept. First, previous re-
search may neglect potential subgroups in the social context,
especially when members of the groups endowed with specif-
ic values make in-group comparison or out-group comparison
in the social comparison process; these special experiences
may influence the formation of academic self-concept.
Second, few studies have established how academic self-
concept improves academic achievement in the elementary
school context. Considering that academic self-concept plays
an eminent role in students’ educational outcomes, it is impor-
tant to understand how the academic self-concept is formed
and to identify the mechanism that facilitates academic
achievement in left-behind children. The present study is
aimed at filling these research gaps. Accordingly, our research
aims to (1) examine whether the formation of mathematics
self-concept of left-behind children is consistent with previous
findings; (2) conduct an exploratory analysis on the effects of
in-group comparison or out-group comparison in the forma-
tion of mathematics self-concept process; and (3) test the in-
fluence mechanism of mathematics self-concept on left-
behind children’s mathematics achievement through a longi-
tudinal design.

The study focuses on the academic domain of mathematics
for two reasons. First, Chinese teachers traditionally espouse the
belief that “You will have no trouble across the world once
you’ve learned mathematics, physics, and chemistry well.”
Chinese teachers generally believe that mathematics is the most
basic and important subject that primary and secondary school
students should learn, and that every child has the ability to learn
mathematics well regardless of their family background.
Expectedly, in the Program for International Student
Assessment (PISA) 2012, Chinese students performed well in
mathematics tests (Organization for Economic Cooperation and
Development, 2014). The second reason is that mathematics is a
critical academic filter for students’ educational pathways (Chiu
and Klassen 2010). Moreover, it is one of the core competencies
in the twenty-first century, which enable individuals to meet the
requirements for participating in schools, society, and the labor
market (European Commission 2011).
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Literature Review and Hypotheses

Mechanisms for the Formation of Mathematics
Self-Concept

The main theories of academic self-concept formation include
the internal/external frame of reference model (I/E Model;
Marsh 1986) and the big-fish-little-pond effect (BFLPE;
Marsh 1987). The I/E model states that the formation of aca-
demic self-concept in a specific domain is the combined result
of dimension comparison and social comparison (Marsh
1986). Dimension comparison, or internal comparison, refers
to the comparison between students’ academic achievements
in one domain and their achievements in other domains. For
example, if a student’s mathematics achievement is higher
than his/her English achievement, then he/she will acquire a
higher mathematics self-concept and a lower English self-con-
cept. Social comparison, or external comparison, refers to the
comparison of a student’s achievements in one domain with
those of other students in the same domain. For example, if the
mathematics achievement of a student is higher than the math-
ematics achievement of the other students in the class, he/she
will acquire a higher mathematics self-concept. According to
the I/E model, self-concept in a particular domain is not only
positively affected by one’s ability in matching domains but
also negatively affected by one’s ability in non-matching do-
mains (Möller et al. 2009). Some scholars have taken children
of different ages, genders, and countries as subjects and used
different versions of self-concept questionnaires as tools to
conduct research. The results obtained in these studies have
supported the theoretical assumptions of the I/E model (Marsh
and Hau 2004; Möller et al. 2009; Marsh et al. 2015).

The most representative theory on the role of social com-
parison in the formation of academic self-concept is the
BFLPE. It focuses on the cross-level situational effect of so-
cial comparison; this implies that students with the same abil-
ity gain a lower academic self-concept when they enter a high-
level situation than when they enter a low-level situation. In
fact, the BFLPE is the result of social comparison. Currently,
the class- or school-average academic achievement is taken as
the external reference standard. The contrast effect indicates
that the class- or school-average academic achievement has a
negative influence on the formation of individual academic
self-concept. For individuals, the average academic achieve-
ment level of the class or the school cannot be chosen, and
social comparison here is the forced upward comparison
caused by the educational environment. It has been confirmed
that this effect is universal across cultures (Wang 2015) and
domains (Liou 2014).

The I/E model highlights the dimension comparison be-
tween different domains and the social comparison at the
individual level of a particular domain. The BFLPE
emphasizes the social comparison at the group level of a

specific domain. Two typical studies that combined the I/E
model and the BFLPE successfully are by Chiu (2012) and
Parker et al. (2013). The results obtained in these studies
proved that the integrated model could simultaneously realize
the dimension comparison of different domains at the individ-
ual level and the social comparison of specific domains at the
group level. In order to explore whether dimension and social
comparisons play a role in the formation of mathematics self-
concept of left-behind children, the applicability of the inte-
grated model is examined in this study. Moreover, considering
that mathematics and verbal are the two core domains of ac-
ademic self-concept (Marsh 1990a, 1990b) and that mathe-
matics and Chinese are the main subjects in many primary
schools in mainland China, Chinese is chosen as the non-
matching domain relative to mathematics in this study. The
combined model will be as follows: left-behind children’s
mathematics self-concept (the dependent variable for both
the I/E Model and the BFLPE) is predicted by their mathe-
matics achievement (a major predictor for the I/E Model),
Chinese achievement (a major predictor for the I/E Model),
and Chinese self-concept (a controlling variable for the I/E
Model) and class-average mathematics achievement (a major
predictor for the BFLPE). Thus, the following hypothesis is
put forward:

Hypothesis 1 Left-behind children’s mathematics self-concept
is positively predicted by individual mathematics achieve-
ment; however, it is negatively predicted by individual
Chinese achievement and class-average mathematics achieve-
ment, controlling for left-behind children’s Chinese self-
concept.

Typically, the effects size of social comparisons are large,
whereas the effects of dimensional comparisons are relatively
small (Möller et al. 2009). Social comparison in the I/E model
and the BFLPE displays that academic self-concept is not only
influenced by the individual ability of students but also de-
pends on the class environment. Being surrounded by high
achieving students allows for more opportunities for upward
comparisons, which relates to a lower academic self-concept;
in contrast, belonging to a low achieving group of students,
the opportunities for downward comparisons increase,
resulting in a more positive academic self-concept (Köller
et al. 2006). The study by Schurtz et al. (2014) found that
students with above-average grades reported higher mathe-
matics self-concepts compared with the average performance
of their peers (downward comparison), whereas students with
below-average grades reported lower mathematics self-
concepts compared to students with class-average grades (up-
ward comparison). Thus, the most salient reference group is
usually students’ class environment (Wouters et al. 2013) and
the academic self-concept is impacted by the composition of
the class (Dumont et al. 2017; Stäbler et al. 2017). However,
little is known about the specific relations of classroom
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compositions including left-behind children and the formation
of academic self-concept.

Furthermore, the influence of belonging to a certain social
group (e.g., race, ethnicity, gender, or social class) on students’
self-evaluations of abilities is salient (Walton and Cohen
2007; Fryberg and Townsend 2008; Herrmann et al. 2015).
For example, compared to majority students, minority stu-
dents are more likely to shape negative stereotypes about their
ability and intelligence (Cvencek et al. 2015), due to a lack of
positive academic models (Covarrubias and Fryberg 2015).
When there are different groups in a class, group members
may refer to the class-average academic achievement and
the in-group or out-group average academic achievement as
the reference standard. Interpersonal social comparison occurs
when the in-groupmembers provide the reference standard for
social comparison. Intergroup social comparison occurs when
the average academic achievement of the out-group members
is taken as the reference standard for comparisons between
one’s in- and out-group. Whether or not individuals make
interpersonal social comparisons or intergroup social compar-
isons, will be influenced by the size of the group they belong
to. According to Brewer’s (1991) optimal distinctiveness the-
ory, humans have a need for similarity with others and a
countervailing need for uniqueness. This contradiction urges
the individual to find a balance between the two. In order to
meet their needs for distinctiveness, the majority-group mem-
bers tend to engage in interpersonal social comparison.
Meanwhile, the minority-group members meet their needs
for uniqueness through intergroup social comparison
(Brewer and Weber 1994).

In the frame of social comparison, contrast effects as well
as assimilation effects have been deemed as counterbalancing
mechanisms in academic self-concept research (Marsh et al.
2000; Chmielewski et al. 2013). Contrast effects rely on stu-
dents comparing their achievement with that of their peers,
which are negative comparison results (Huguet et al. 2009).
Assimilation effects typically result from belonging to a
higher achieving group or a group with a positive value at-
tached, which are usually positive self-evaluation (Cialdini
et al. 1976). At the same time, negative assimilation or stig-
matization effects also exist, which derives from belonging to
a group with a negative value attached (Knigge and Hannover
2011; Dumont et al. 2017). The present study predicted that
the outcome of social comparison would differ depending on
whether the interpersonal or intergroup comparison process
has been engaged. What role does upward comparison and
downward comparison play in the formation of mathematics
self-concept in classes with different proportions of left-
behind children? How do contrast effects and assimilation
effects manifest in the process of formation of mathematics
self-concept? Although Western social psychology studies
provide a reference to an answer for the above questions, in
the context of Chinese culture, collectivism emphasizes

interdependence rather than difference (Triandis 1989).
Based on the above discussion, the existences of contrast ef-
fect on upward comparison and assimilation effect on down-
ward comparison in the process of mathematics self-concept
were explored in this unifying model, and the following hy-
potheses are proposed:

Hypothesis 2 When left-behind children are the majority
group in a class, the average mathematics achievement of
the left-behind children has a contrast effect on the mathemat-
ics self-concept of left-behind children through interpersonal
upward comparison (see model 3 in Table 3) or an assimila-
tion effect on interpersonal downward comparison (see model
7 in Table 4).

Hypothesis 3 When left-behind children are the minority
group in a class, the average mathematics achievement of
the non-left-behind children has a contrast effect on the math-
ematics self-concept of left-behind children through inter-
group upward comparison (see model 6 in Table 3) or an
assimilation effect on intergroup downward comparison (see
model 10 in Table 4).

Mechanisms for Explaining the Influence
of Mathematics Self-Concept

The relationship between academic self-concept and aca-
demic achievement has been thoroughly discussed in the
literature. Various studies on academic self-concept have
consistently highlighted its strong relationship with aca-
demic achievement (Marsh and Martin 2011; Retelsdorf
et al. 2014). The self-enhancement model posits that prior
academic self-concept can lead to changes in subsequent
academic achievement (Calsyn and Kenny 1977;
Valentine et al. 2004). The skill-development model con-
siders that prior academic achievement has a great influ-
ence on the formation of subsequent academic self-
concept (Calsyn and Kenny 1977; Skaalvik and Hagtvet
1990). The reciprocal effects model (REM) defines the
relationship between academic self-concept and academic
achievement as mutual enhancement and mutual causation
(Marsh and Martin 2011). Research methods, instruments,
participants, cultures, and environment may cause the dif-
ferences in the outcomes of the three models (Chen et al.
2015). It is worth mentioning that none of these models is
superior to the others (Skaalvik and Skaalvik 2009). This
study is based on the self-enhancement model and takes
left-behind children in China as subjects to investigate the
main effects of mathematics self-concept as an indepen-
dent variable. Studies by Chinese scholars on elementary
school students as subjects have supported the self-
enhancement model (Yang 2008; Chen and Shi 2016).
Therefore, the following hypothesis is proposed:
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Hypothesis 4 The mathematics self-concept of left-behind
children at Time 1 has a positive predictive effect on the math-
ematics achievement of left-behind children at Time 2.

Academic self-concept belongs to a kind of cognitive eval-
uation. How does this kind of cognitive evaluation affect ac-
ademic achievement, and what is the mechanism? In the mo-
tivation model of “context—self—action—outcome” pro-
posed by Connell and Wellborn (1991), there is a causal rela-
tionship among background characteristics, self-concept, be-
havior pattern, and adjustment result. Specific to the academic
field, school engagement is the most responsive behavior to
social contexts, and left-behind children have the disadvan-
tage in terms of school engagement (Wen and Lin 2012).
Considering that school engagement may be the most amena-
ble to social interventions (Wen and Lin 2012), school en-
gagement can further positively influence academic achieve-
ment (Susperreguy et al. 2017). In the present study, school
engagement can be considered the behavior pattern and aca-
demic achievement can be considered the adjustment result.
Therefore, school engagement is considered an antidote for
alleviating poor academic achievement (Fredricks et al. 2004).

School engagement is a multidimensional construct.
Behavioral engagement, emotional engagement, and cogni-
tive engagement are widely accepted as the three dimensions
of school engagement (Finn 1989; Fredricks et al. 2004;
Glanville and Wildhagen 2007). Behavioral engagement re-
fers to participation in classroom and school activities.
Emotional engagement refers to positive or negative emotion-
al reactions to the school. Cognitive engagement mainly de-
scribes the extent to which students are willing to make long-
term efforts to think deeply when dealing with complex learn-
ing content and mastering difficult skills. These three dimen-
sions of school engagement are closely related to academic
achievement. Previous studies have found that there is a pos-
itive correlation between behavioral engagement and results
related to the performance (standard tests and academic
grades) of students (Connell et al. 1994; Marks 2000).
Moreover, behavioral engagement has a lasting impact on
academic achievement (Alexander et al. 1993). In a study
involving white students belonging to Grades 4–7, Voelkl
(1997) confirmed that emotional engagement was significant-
ly correlated with test scores. By employing metacognitive
strategies, such as managing their attention and effort, build-
ing connections between new and old knowledge, and taking
the initiative to test their understanding, students can improve
their academic performance (Boekarts et al. 2000).

Further, in the motivation model by Connell and Wellborn
(1991), school engagement is closely associated with academ-
ic self-concept and academic achievement. In addition, aca-
demic self-concept has a significant influence on school en-
gagement (Connell et al. 1994). Studies reveal that academic
self-concept can significantly affect school engagement and
academic achievement (Buhs 2005). Moreover, school

engagement may mediate the relationship between academic
self-concept and academic achievement. On the basis of these
findings, the following hypothesis is put forward:

Hypothesis 5Mathematics school engagement at Time 2 plays
a mediating role in the relation between mathematics self-
concept at Time 1 and mathematics achievement at Time 2.

The Present Study

Although the formation and influence mechanism of academ-
ic self-concept have been investigated in various populations,
little is known about its characteristics in left-behind children.
We deem it imperative to provide rigorous empirical evidence
on the development of academic self-concept in left-behind
children. To test the above research hypotheses, a tracking
research was carried out in this research. In the first study,
we investigated the formation mechanism of mathematics
self-concept of left-behind children. On the one hand, we ver-
ified whether it matches the combined I/E–BFLPE model. On
the other hand, from the perspective of interpersonal and in-
tergroup social comparisons, we examined comparison effects
when left-behind children are the majority or the minority
group in a class. In the second study, we used mathematics
self-concept as an independent variable and explored the im-
pact of mathematics self-concept on mathematics achieve-
ment through mathematics school engagement. We used a
longitudinal design with two measurement points—Time 1
(T1): the start of the autumn academic year of 2017 and
Time 2 (T2): the start of the spring academic year of 2018.

Materials and Methods—Study 1

Participants and Procedure

Random cluster sampling was carried out and we randomly
selected nine schools from the Anhui province of mainland
China, as it is a large labor-export province in the east of
mainland China. All students’ data were collected in the class-
room at T1. Questionnaires given to the students were com-
pleted in less than 20 min. After selecting the schools, we
randomly selected 6 classrooms, calculating about 220 sub-
jects per school. A total of 2000 students participated in Study
1, from Grades 4 to 6. After removing classes with fewer than
5 students to assure a reliable estimate of class-average
achievement, the final sample consisted of 1936 students from
52 classes (909 boys and 1006 girls; 874 left-behind children
and 1062 non-left-behind children; average age, 11.57 years
[SD = 1.103]). The proportion of left-behind children in each
class ranged from 15.8% to 90.0%. The study was approved
by the Academic Ethical Group of the Faculty of Education,
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Soochow University of China, and the students and their par-
ents or legal representatives were informed of all the process
and purpose of the research by the related schools. Thus, a
written informed parental consent was obtained for all stu-
dents participating in the study.

Materials

Academic Self-Concept

Academic self-concept was measured using the Self-
Description Questionnaire-II (SDQ-II) (Marsh et al. 1984).
The questionnaire contained 20 items and 2 subscales: math-
ematics self-concept (10 items) and verbal self-concept (10
items). We changed verbal-related content to Chinese-related
content. All 20 items were rated on a 6-point scale, ranging
from 1 (completely false) to 6 (completely true). High scores
indicate a high self-concept, whereas low scores indicate a low
self-concept. Chen and Cui (1997) performed the Chinese
adaption of SDQ-II, and they found that the Chinese version
of SDQ-II had estimates of internal consistency and test–retest
reliability within an acceptable range. Cronbach’s alpha coef-
ficients in this study were 0.841 (mathematics self-concept)
and 0.864 (Chinese self-concept).

Achievement Grade

Students’ mathematics and Chinese grades were obtained
from their self-reports. School grades ranged from 1 to 5, with
1 representing the poorest and 5 the best grade. The mean was
calculated, with higher values indicating higher levels of
achievement.

Average Mathematics Grade

The class-average mathematics grade was the average of the
mathematics grades of all students within a class. “Left-behind
children-average mathematics grade” was the average of the
mathematics grades of the left-behind children within a class.
“Non-left-behind children-average mathematics grade” was
the average of the mathematics grades of the non-left-behind
children in a class.

Control Variables

Control variables included gender, age, and parents’ socioeco-
nomic status (measured through parents’ educational level,
parents’ occupation, and family income; Bradley and
Corwyn 2002). The control variables were selected based on
empirical research on disparities in academic self-concept and
achievement. We controlled for gender since past research has
conveyed that gender influences both mathematics self-
concept and mathematics performance (Hyde et al. 1990).

Further, we controlled for age because a great deal of studies
found age-related differences in self-concept and achievement
(Eccles et al. 1993; Ehm et al. 2014). Furthermore, we con-
trolled for parents’ socioeconomic status because it was statis-
tically significant for predicting students’ mathematics
achievement (Karakolidis et al. 2016) and mathematics self-
concept (Rinn et al. 2013).

Statistical Analyses

We analyzed the formation mechanism of left-behind chil-
dren’s academic self-concept in mathematics by using two
analytical steps. First, we analyzed whether left-behind chil-
dren’s mathematics self-concept fit the combined I/E–BFLPE
model. In the second step, we estimated the influence of in-
terpersonal and intergroup social comparisons, that is, the ef-
fect of average mathematics grades of left-behind and non-
left-behind children on the formation of left-behind children’s
mathematics self-concept.

To distinguish left-behind children from the majority or
minority group in the class, we defined left-behind children
as the majority group when their proportion in the class was
more than 50%. Moreover, in the process of upward social
comparison, children whose mathematics grade was higher
than the average grade of left-behind children or non-left-
behind children were excluded; in the process of downward
social comparison, individuals whose mathematics grade was
lower than the average grade of left-behind children or non-
left-behind children were excluded.

Multilevel analysis allows researchers to test complex mul-
tilevel models, by including both individual- and class-level
variables together; this addresses the issues of both dimension
and social comparisons. We chose multilevel analysis as the
major statistical method to examine the posited hypotheses.
We conducted multilevel linear modeling in HLM6.02 in two
steps. Hierarchical linear modeling allowed us to take into
account the non-independence of individuals nested within
classes by simultaneously modeling within-class and
between-class variance (Raudenbush and Bryk 2002). We
grand-mean centered all continuous variables at the individual
level, so that the incremental effects from classes could be
identified (Raudenbush and Bryk 2002). The interaction effect
was not considered in the present study, so the analysis was
limited to random intercept models.

To illustrate the procedure used in the present study, we used
left-behind children’s mathematics self-concept as the dependent
variable, building a two-level model (empty model) without
adding any variables. The model can be represented as follows:

& Level 1 MASCij = β0j + eij, eij ~ N (0, σ2)
& Level 2 β0j = y00 + u0j, u0j ~ N (0, τ00)
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MASCij is the mathematics self-concept of left-behind chil-
dren i in class j, β0j is the average mathematics self-concept in
each class, and eij is the Level 1 error term. eij is assumed to be
normally distributed, with a mean equal to zero and a constant
Level 1 variance. y00 is the average mathematics self-concept
in all classes, and u0j is the Level 2 error term. u0j is assumed
to be normally distributed, with a mean equal to zero and a
constant Level 2 variance.

Second, we considered a model with one individual-level
variable and one class-level variable. In the Level 1 model,
mathematics self-concept of left-behind children was predict-
ed using their mathematics grade, with intercept β0j, slope β1j,
and residual term eij. There were two Level 2 models. The
intercept model for β0j included class-average mathematics
grade as the variance and was allowed to vary across classes,
by setting its residual term u0j to be estimated. The slope
model for β1j did not include any variance and was not
allowed to vary across classes.

This model can be represented as follows:

& Level 1 MASCij = β0j + β1j MAGij + eij, eij ~ N (0, σ2)
& Level 2 β0j = y00 + y01CAGij + u0j, u0j ~ N (0, τ00) β1j = y10

Multilevel analysis allows for a number of Level 1 and
Level 2 variables to be freely included in the models and
produces estimates for a regression coefficient and a standard
error, which will be used to determine the significance of the
coefficient. In all models, we controlled for gender, age, and
parents’ socioeconomic status. Gender was a virtual variable:
female = 0, male = 1.

Results

Preliminary Analysis

Descriptive statistics and correlations for individual- and
class-level variables are presented in Table 1. Correlation anal-
ysis showed that left-behind children’s mathematics self-
concept was significantly positively related to mathematics
grade (r = 0.461, p < 0.01) and Chinese self-concept (r =
0.738, p < 0.01) but was significantly negatively related to
Chinese grade (r = −0.234, p < 0.01).

Significant differences were observed between left-behind
children’s mathematics self-concept (M = 4.392, SD = 0.686)
and non-left-behind children’s mathematics self-concept (M =
4.522, SD = 0.725) [t (1897) = −4.040, p < 0.05]; moreover,
left-behind children’s mathematics self-concept was signifi-
cantly lower than that of non-left-behind children.

Hierarchical Linear Model Analyses

We conducted a nested hierarchical analysis by using
HLM6.02 (Raudenbush et al. 2008) to determine the effects
of individual- and class-level variables on individual-level
mathematics self-concept. Model 1 was an empty model.
Using the residual variance values, we could determine the
intra-class correlation (ICC). ICC (1) = 0.095/ (0.095 +
0.389) = 0.1964, indicating that 19.64% of the mathematics
self-concept variance resides between classes [(χ2 (51) =
238.104, p < 0.01)]. Because there was significant variance
between classes, HLM analysis was appropriate for these data.

Table 1 Descriptive statistics and
correlations Individual-level

variables
Mean SD 1 2 3 4 5 6

1. Mathematics
Self-concept

4.463 0.711

2. Mathematics
Grade

3.540 0.957 0.461**

3. Chinese Grade 3.150 1.162 −0.234** −0.184**

4. Chinese
Self-concept

4.497 0.833 0.738** 0.284** −0.168**

5. Gender 0.470 0.499 0.085** 0.028 −0.019 −0.095**

6. Age 11.579 1.103 −0.090** −0.060** 0.185** −0.060** 0.038

7. Parents’
Socioeconom-
ic Status

18.278 6.372 0.195** 0.133** −0.074** 0.163** 0.070** −0.145**

Class-Level
variables

Mean SD 1 2

1. LBCA-MG 3.432 0.334

2. NLBCA-MG 3.572 0.279 0.525***

3.CA-MG 3.509 0.266 0.860*** 0.795***

LBCA-MG Left-behind children-average mathematics grade, NLBCA-MG Non-left-behind children-average
mathematics grade, CA-MG Class-average mathematics grade
* p < 0.05; ** p < 0.01; *** p < 0.001
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The results illustrate (see Table 2) the following: (1) left-
behind children’s mathematics self-concept was positively
predicted by individual mathematics grade (β = 0.284,
p < 0.001) and negatively predicted by Chinese grade (β =
−0.074, p < 0.01); (2) the effect of class-average mathematics
grade was not significant statistically (β = −0.011, p > 0.05),
which was inconsistent with the conclusions of previous
studies.

The high correlation between Chinese self-concept and
mathematics self-concept revealed by correlation analysis ex-
ists a potential problem of collinearity. The results pertaining
to the combinedmodel are qualitatively the samewhether they
include Chinese self-concept or not but are clearer if it is
omitted. So Chinese self-concept is excluded for purposes of
clarity from the analyses (but see the Appendix 1 for the pre-
sentation of all parameter estimates). The same considerations
apply to the analyses about upward social comparisons
(Table 3) and downward social comparisons (Table 4).

For left-behind children as the majority group, ICC (2) =
0.087/ (0.087 + 0.384) = 0.1847, indicating that 18.47% of the
mathematics self-concept variance resides between classes
[(χ2 (22) = 136.983, p < 0.01)]. For left-behind children as
the minority group, ICC (3) = 0.106/ (0.106 + 0.399) =
0.2099, indicating that 20.99% of the mathematics self-
concept variance resides between classes [(χ2 (26) = 85.201,
p < 0.01)]. HLM analysis was appropriate for these data as
there were significant variances between classes. Table 3

shows the interpersonal and intergroup upward social compar-
ison for different groups. When the left-behind children were
the majority group, the average mathematics grade of the left-
behind children had no significant influence on their mathe-
matics self-concept through interpersonal upward social com-
parison (β = −0.123, p > 0.05; Model 3) or through intergroup
upward social comparison (β = 0.117, p > 0.05; Model 4).
When the left-behind children were the minority group, the
average mathematics grade of the non-left-behind children
had a significantly negative effect on the left-behind children’s
mathematics self-concept through intergroup upward social
comparison (β = −3.240, p < 0.05; Model 6) but had no sig-
nificant influence through interpersonal upward social com-
parison (β = 0.601, p > 0.05; Model 5).

Table 4 presents the interpersonal and intergroup down-
ward social comparison for different groups. When the left-
behind children were the majority group, their average math-
ematics grade had a significantly positive effect on their math-
ematics self-concept through interpersonal downward social
comparison (β = 1.449, p < 0.05; Model 7) but had no signif-
icant influence through intergroup downward social compar-
ison (β = −0.118, p > 0.05; Model 8). When the left-behind
children were the minority group, the average mathematics
grade of the non-left-behind children had no significant effect
on left-behind children’s mathematics self-concept through
intergroup downward social comparison (β = 0.3778,
p > 0.05; Model 10) or through interpersonal downward social
comparison (β = 0.17, p > 0.05; Model 9).

Discussion

Many scholars have verified the validity of the I/E model and
the BFLPE in explaining the formation of academic self-
concept (Möller et al. 2014; Parker et al. 2014). This study
took left-behind children as research subjects, and results re-
vealed that the combined model was supported partially. That
mathematics self-concept was related to mathematics achieve-
ment and Chinese achievement was not surprising given that
extant research indicated a strong relationship between self-
concept and academic achievement (Möller et al. 2009). This
is consistent with the early works in elementary education by
Ehm et al. (2014) and Pinxten et al. (2015). Specifically, when
we analyzed the classic I/E model, negative paths from math
achievement to reading self-concept as well as from reading
achievement to math self-concept in German grade 3 students
was found (Ehm et al. 2014). When we examined the I/E
model and the BFLP model simultaneously, math achieve-
ment positively predicted math self-concept and negatively
predicted their verbal (Dutch) self-concept in grade 4 students
(Pinxten et al. 2015).

Unexpectedly, the correlation analysis results prove
that Chinese self-concept was negatively correlated with
Chinese grade but was closely positively correlated with

Table 2 Tests of combined model

Variable Model 1 Model 2

β SE β SE

Fixed Effect

Level 1: Individual variables

Gender 0.116** 0.040

Age −0.065** 0.019

Parents’ Socioeconomic Status 0.004 0.003

Mathematics Grade 0.284*** 0.024

Chinese Grade −0.074** 0.024

Level 2: Class-level variables

CA-MG −0.011 0.116

Random Effect

Intercepts(τ00) 0.095*** 0.068***

Residual(σ2) 0.389 0.297

Model summary

Deviance(−2LL) 1732.489 1518.819

β is the unstandardized regression coefficient

Control variables are gender, age, and parents’ socioeconomic status at
Level 1

CA-MG Class-average mathematics grade
* p < 0.05; ** p < 0.01; *** p < 0.001
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mathematics self-concept. The possible reason for the
differences may be related to the elementary school-
aged children of the present study. At this stage of
mental development, children typically encounter diffi-
culties in differentiating between actual and desired at-
tributes (Harter 1999). Therefore, their self-evaluations
are likely to be very positive but, unfortunately, also
unrealistic (Eccles et al. 1993; Helmke 1999). In the
case of left-behind children, this gets combined with
their immature physical and mental development. Left-
behind children experience more physical and behavior-
al problems in China, such as physical developmental
delays (Zhang et al. 2015). In terms of educational per-
formance, parental migration is harmful to the develop-
ment of cognitive ability in children in India and
Vietnam (Nguyen 2016). Thus, the ability of judgment,
perception, and self-perception of left-behind children
still need to be improved (Cui 2009). Therefore, when
evaluating the self-concept of Chinese and mathematics,
low-consistency evaluations may occur.

Furthermore, social comparison and its effects ob-
served in this study were different from those reported
in previous studies on the BFLPE. The results based on
the collected data demonstrate that the formation of the
mathematics self-concept was different among left-
behind children when they were the majority group
members and the minority group members in the class.
When left-behind children were the majority group, the
results were partially consistent with Hypothesis 2. The
assimilation effect within this group was significant in
downward comparison, indicating that left-behind chil-
dren had a lower level of mathematics self-concept
when they entered the class with lower than average
mathematics achievement. For the left-behind children
as the minority group, the results were partially consis-
tent with Hypothesis 3. The contrast effect was reflected
through the observation that the higher the average
mathematics achievement of non-left-behind children,
the lower the mathematics self-concept of left-behind
children.

Table 3 Tests of interpersonal
and intergroup upward social
comparison

Variable Majority Group Minority Group

Model 3 Model 4 Model 5 Model 6
β(SE) β(SE) β(SE) β(SE)

Fixed Effect

Level 1: Individual variables

Gender 0.114(0.062) 0.097(0.056) 0.035(0.094) 0.140(0.108)

Age −0.131***(0.027) −0.113***(0.026) 0.072(0.056) 0.057(0.053)

Parents’ Socioeconomic Status 0.007(0.004) 0.003(0.004) 0.006(0.007) 0.009(0.006)

Mathematics Grade 0.311***(0.057) 0.265***(0.059) 0.265(0.059) 0.159**(0.058)

Chinese Grade −0.093*(0.046) −0.057(0.042) −0.089(0.068) −0.042(0.051)
Level 2: Class-level variables

CA-MG 0.296(1.390) −0.096(0.294) −1.399(0.803) 2.568(0.966)

LBCA-MG −0.123(1.365) 0.601(0.616)

NLBCA-MG 0.117(0.196) −3.240*(1.143)
Random Effect

Intercepts(τ00) 0.094 *** 0.077*** 0.289 *** 0.165***

Residual(σ2) 0.237 0.272 0.227 0.222

Model summary

Deviance(−2LL) 426.502 529.979 213.753 202.006

β is the unstandardized regression coefficient. Control variables are gender, age, parents’ socioeconomic status,
mathematics grade, and Chinese grade at Level 1

CA-MG at Level 2

CA-MGClass-average mathematics grade, LBCA-MG Left-behind children-average mathematics grade,NLBCA-
MG Non-left-behind children-average mathematics grade

[Majority group (Model 3 Upward Interpersonal Comparison: Individual-level variables, n = 268; Class-level
variables, n = 23. Model 4 Upward Intergroup Comparison: Individual-level variables, n = 311; Class-level var-
iables, n = 23)]; [Minority group (Model 5 Upward Interpersonal Comparison: Individual-level variables, n = 121;
Class-level variables, n = 21. Model 6 Upward Intergroup Comparison: Individual-level variables, n = 120; Class-
level variables, n = 19)]
* p < 0.05; ** p < 0.01; *** p < 0.001
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Materials and Methods—Study 2

Participants and Procedure

Questionnaires were collected from the same sample of left-
behind children who participated in Study 1. After getting
consent from the school, left-behind children were asked to
complete the questionnaires in the classroom. Their data were
collected at T2; the time interval between the two studies was
6 months. A total of 874 questionnaires were distributed.
Based on left-behind children’s schools, classes, and names,
585 questionnaires could be paired with the original question-
naires in Study 1. The average age of participants was 11.78
(SD = 1.17). Within the valid participants, 46.4% were boys
and 50.4% were girls. The study was approved by the
Academic Ethical Group of the Faculty of Education,
Soochow University of China. The parents or legal represen-
tatives of all the students in the study obtained a written in-
formed parental consent.

Materials

School Engagement

School engagement was measured through the Rochester
Assessment of Intellectual and Social Engagement (RAISE)
(Miserandino 1997), and Cognit ive Engagement
Questionnaire (Zhang, 2013). The questionnaire consisted of
13 items and 3 subscales, including behavioral engagement (4
items), emotional engagement (5 items), and cognitive en-
gagement (4 items). For example, “I listen carefully in class”
(behavioral engagement), “When I’m doing my work in class,
I feel interested” (emotional engagement), and “The accuracy
ofmy homework is very high” (cognitive engagement). All 13
items were rated on a 5-point scale, ranging from 1 (complete-
ly disagree) to 5 (completely agree). Cronbach’s alpha coeffi-
cient was 0.796 for all scales, and 0.686 (behavioral engage-
ment), 0.694 (emotional engagement), and 0.638 (cognitive
engagement) for the three subscales.

Table 4 Tests of interpersonal
and intergroup downward social
comparison

Variable Majority Group Minority Group

Model 7 Model 8 Model 9 Model 10
β(SE) β(SE) β(SE) β(SE)

Fixed Effect

Level 1: Individual variables

Gender 0.092(0.065) 0.122(0.071) 0.212**(0.077) 0.157(0.091)

Age −0.059(0.035) −0.069*(0.035) −0.004(0.057) −0.033(0.055)
Parents’ Socioeconomic Status 0.003(0.004) 0.004(0.005) 0.006(0.007) 0.004(0.007)

Mathematics Grade 0.357**(0.101) 0.387**(0.110) 0.272(0.200) 0.768*(0.336)

Chinese Grade −0.046(0.065) −0.031(0.068) −0.212(0.125) 0.138(0.236)

Level 2: Class-level variables

CA-MG −1.604*(0.603) −0.098 (0.251) 0.030(0.593) −0.502(0.932)
LBCA-MG 1.449*(0.627) 0.171(0.409)

NLBCA-MG −0.118 (0.166) 0.378(0.999)

Random Effect

Intercepts(τ00) 0.028** 0.046 *** 0.045 * 0.094**

Residual(σ2) 0.307 0.292 0.364 0.362

Model summary

Deviance(−2LL) 565.698 512.073 313.369 315.125

β is the unstandardized regression coefficient. Control variables are gender, age, parents’ socioeconomic status,
mathematics grade, and Chinese grade at Level 1

CA-MG at Level 2

CA-MGClass-average mathematics grade, LBCA-MG Left-behind children-average mathematics grade,NLBCA-
MG Non-left-behind children-average mathematics grade

[Majority group (Model 7 Downward Interpersonal Comparison: Individual-level variables, n = 318; Class-level
variables, n = 23. Model 8 Downward Intergroup Comparison: Individual-level variables, n = 291; Class-level
variables, n = 23.)]; [Minority group (Model 9 Downward Interpersonal Comparison: Individual-level variables,
n = 157; Class-level variables, n = 21. Model 10 Downward Intergroup Comparison: Individual-level variables,
n = 157; Class-level variables, n = 20)]
* p < 0.05; ** p < 0.01; *** p < 0.001
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Mathematics Grade

Students’ mathematics grades were obtained from their own
self-assessment of their mathematics scores. A five-grade
scale was adopted: 1 (far under the mean), 2 (slightly under
the mean), 3 (at the mean), 4 (slightly above the mean), and 5
(far above the mean). A score of 5 represented the best grade,
whereas a score of 1 represented the worst grade.

Statistical Analyses

Given the hierarchical data structure (students nested in clas-
ses), we tested Hypotheses 4 and 5 with multilevel structural
equation modeling (MSEM) conducted using the Mplus
Version 7.4 (Muthén and Muthén 1998–2012) and following
the procedure of Preacher et al. (2010, 2011). The multilevel
solution allowed decomposition of the variance of Level 1
variables into within and between components and accounted
for the fact that relationships might differ between the within-
group and between-group levels. Because all three variables
were assessed at the student level, this model could be de-
scribed as a 1–1-1 multilevel mediation model. Figure 1 de-
picts how the relationships between mathematics self-concept
at T1 and mathematics achievement are illustrated, which are
mediated by mathematics school engagement. As can be seen
from Fig. 1, we estimated all paths (within: aw, bw, c’w;
between: ab, bb, c’b) at within-group and between-group
levels of analysis. We specified random intercepts and fixed
slopes. Some researchers discuss this approach as, “Although
an MSEM model with all random intercepts and random
slopes can be estimated, such a model adds unnecessary com-
plications and may reduce the probability of convergence”
(Preacher et al. 2010, p. 217).

Results

Preliminary Analysis

Means, standard deviations, and correlations of research var-
iables are listed in Table 5. Correlation analysis shows that T1
mathematics self-concept was significantly positively related
to T2 behavioral engagement (r = 0.453, p < 0.01), T2 emo-
tional engagement (r = 0.521, p < 0.01), and T2 cognitive en-
gagement (r = 0.475, p < 0.01). Further, T2 behavioral en-
gagement (r = 0.295, p < 0.01), T2 emotional engagement
(r = 0.330, p < 0.01), T2 cognitive engagement (r = 0.344,
p < 0.01) were significantly positively related to T2mathemat-
ics grade.

Multilevel Mediation Model Analysis

Relationships between mathematics self-concept at T1 and
mathematics grade at T2 were analyzed both at within-

group and between-group levels. Results of this multilevel
mediation model investigating the effect of mathematics
self-concept at T1 on mathematics grade at T2 through
mathematics school engagement at T2 are presented in
Table 6. At the within-group level, mathematics self-
concept at T1 was significantly related to mathematics
school engagement at T2 (estimate = 0.421, p < 0.001) and
mathematics grade at T2 (estimate = 0.419, p < 0.001).
Further, the relationships between mathematics school en-
gagement and mathematics grade were also significant (es-
timate = 0.552, p < 0.001). Moreover, the within indirect
effect through mathematics school engagement at T2 was
significant (estimate = 0.232, p < 0.001) 95% CI [0.112,
0.352]. At the between-group level, mathematics self-
concept at T1 had a significantly direct effect on mathemat-
ics school engagement at T2 (estimate = 0.599, p < 0.05)
but not on mathematics grade at T2 (estimate = −0.265,
p > 0.05). Moreover, the relationship between mathematics
school engagement and mathematics grade was not signif-
icant (estimate = 0.821, p > 0.05). Finally, the between in-
direct effect through mathematics school engagement at T2

T1 MASCb

b1b

T2 MGb

T2 MSEb

b2b
b3b

T1 MASC b1 b2 b3 T2 MG

b2wb1w
b3w

T2 MSEw

T1 MASCw T2 MGw

Observed

Between

Within

ab bb

c’b

aw bw

c’w

Fig. 1 Multilevel structural equation model depicts a 1–1-1 multilevel
mediation model between mathematics self-concept at Time 1 (T1
MASC), mathematics school engagement at Time 2 (T2 MSE) and math-
ematics grade at Time 2 (T2 MG). Figure is based on Preacher et al.
(2011)
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was not significant (estimate = 0.492, p > 0.05), 95% CI
[−0.167, 1.150].

Discussion

The data revealed that Hypotheses 4 and 5 were partially
supported. A comparison of the relationships at the within-
group and between-group levels of analysis revealed nota-
ble differences: The relationships between self-concept at
T1 and mathematics achievement at T2 through mathemat-
ics school engagement at T2 were significant at the within-
group level, while they were not significant at the between-
group level. These results suggest that a student’s average
level of mathematics self-concept at T1 plays a predomi-
nant role in determining the differences in individual school
engagement at T2 and mathematics achievement at T2. The

class-average level of mathematics self-concept at T1
seemed to be less significant in determining the class-
average level variance in mathematics achievement at T2.

At the between-group level, mathematics self-concept at
T1 had a significantly positive effect on mathematics
school engagement at T2. This result indicates that classes
with higher level of mathematics self-concept were more
likely to possess higher level of mathematics school en-
gagement. The contextual effect of mathematics self-
concept at T1 on mathematics school engagement at T2
was consistent with the motivation model of Connell and
Wellborn (1991) on the causal relationship between self and
action.

From the relationship between mathematics self-concept
at T1 and mathematics achievement at T2 at the within-
group level, we could see that the self-enhancement model
was verified. This conclusion is consistent with the research
results for the same cultural background (Yang 2008;
Chen and Shi ., 2016). Mathematics self-concept at T1 af-
fected mathematics achievement at T2 through mathemat-
ics school engagement at T2 at the within-group level,
which is also consonant with the sequence of the links in
the model of Connell and Wellborn (context—self—ac-
tion—outcome).

General Discussion

Formation and Influence Mechanism

Study 1 aimed to investigate the mechanism in the formation
of left-behind children’s mathematics self-concept. The main
contribution of study 1 was that we tested the existing inte-
grated model of the formation of academic self-concept with a
Chinese sample. In this way, this study extended the external
generalizability of previous findings and enriched the previ-
ous integrated model of the formation of academic self-con-
cept. It also demonstrated the hazards in applying previous
research findings to specifically explain the mathematics
self-concept formation of left-behind children. The results in-
dicated that the mathematics self-concept of left-behind chil-
dren was positively predicted by their mathematics achieve-
ment but negatively predicted by their Chinese achievement.

Table 5 Descriptive statistics and
correlations Variables Mean SD 1 2 3 4

1. Mathematics Self-concept(T1) 4.387 0.668

2. Behavioral Engagement(T2) 4.451 0.628 0.453**

3. Emotional Engagement(T2) 3.767 0.644 0.521** 0.537**

4. Cognitive Engagement(T2) 3.952 0.613 0.475** 0.484** 0.545**

5. Mathematics Grade(T2) 3.440 0.933 0.453** 0.295** 0.330** 0.344**

* p < 0.05; ** p < 0.01; *** p < 0.001

Table 6 Multilevel mediation model predicting mathematics grade
from mathematics self-concept at T1 and mathematics school engage-
ment in study 2

Variables Estimate SE

Level 1: Within-student level

Path aw: T1 MASC→T2 MSE 0.421*** 0.035

Path bw: T2 MSE→ T2 MG 0.552*** 0.137

Path c’w: T1 MASC→T2 MG 0.419*** 0.084

Indirect effect 0.232*** 0.061

Residual variance T2 MG 0.653*** 0.047

Residual variance T2 MSE 0.094*** 0.014

Level 2: Between-student level

Intercept 2.446 1.371

Path ab: T1 MASC→T2 MSE 0.599* 0.275

Path bb: T2 MSE→ T2 MG 0.821 0.443

Path c’b: T1 MASC→T2 MG −0.265 0.393

Indirect effect 0.492 0.336

Residual variance T2 MG 0.001 0.936

Residual variance T2 MSE 0.007* 0.004

Models are 1–1-1 mediation models with a random intercept and fixed
slopes

Path: refer to Fig. 1. N = 52 at the between-student level

T1 MASC mathematics self-concept at Time 1, T2 MSE mathematics
school engagement at Time 2, T2 MG mathematics grade at Time 2
* p < 0.05; ** p < 0.01; *** p < 0.001
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However, this study showed there was no statistically signif-
icant effect of class-average mathematics grade on the indi-
vidual mathematics self-concept of left-behind children.

Another meaningful contribution of the present study 1 was
that we broadened the existing academic self-concept litera-
ture by emphasizing that changes in the reference group—
even within the same classroom—were related to the forma-
tion of academic self-concept. The results suggested that so-
cial comparisons had different characteristics in classes with
different proportions of left-behind children. For the left-
behind children as the majority group, their average mathe-
matics achievement had a significant positive impact on math-
ematics self-concept under conditions in which left-behind
children compared their mathematics achievement to that of
left-behind children whose mathematics achievement was in-
ferior. For the left-behind children as the minority group, the
average mathematics achievement of non-left-behind children
had a significant negative impact on mathematics self-concept
under the conditions in which left-behind children compared
their mathematics achievement to that of non-left-behind chil-
dren whose mathematics achievement was superior. These
results reflected the uniqueness of the formation of left-
behind children’s mathematics self-concept.

As an important predictive variable of educational results,
academic self-concept has definite significance, to some ex-
tent. Therefore, to further explore the peculiarities of the in-
fluence mechanism of the academic self-concept of left-
behind children, study 2 mainly discussed how the mathemat-
ics self-concept of left-behind children at T1 affected their
mathematics achievement at T2 at within-group and
between-group levels. Study 2 offered a methodological con-
tribution by employing a longitudinal design and multilevel
structural equation modeling to account for the characteristics
of the influence mechanism of the mathematics self-concept
of left-behind children at the two levels. The results showed
that the mathematics self-concept of left-behind children at T1
had significant effects on their mathematics school engage-
ment at T2 at within-group and between-group levels.
Further, the mathematics school engagement of left-behind
children at T2 played a partially mediating role between their
mathematics self-concept at T1 and their mathematics
achievement at T2 at the within-group level.

In summary, we provided a more refined understanding of
the development of the mathematics self-concept of left-
behind children in China. Specifically, the present study of-
fered a more detailed look at the formation mechanism of the
mathematics self-concept of left-behind children in China,
based on an integrated model. The results presented a more
meaningful and broader view of the prevailing belief that
class-average mathematics achievement had a significant ef-
fect on mathematics self-concept in classes. Instead, this study
showed that class-average mathematics achievement had no
significant effect on mathematics self-concept in classes with

different proportions of left-behind children. In this study, dif-
ferent social comparisons were divided into interpersonal so-
cial comparison and intergroup social comparison in the clas-
ses that included subgroups. We found that there were assim-
ilation effects, meaning, as discussed above, that left-behind
children would have a lower level of mathematics self-concept
if they were in classes with lower average mathematics
achievement of left-behind children. We also found that there
were contrast effects, meaning that those who entered classes
with higher average mathematics achievement of non-left-
behind children would have a lower level of mathematics
self-concept. The findings of this research highlighted that
the influence mechanism of the mathematics self-concept of
left-behind children did exist. Notably, mathematics school
engagement at T2 actually mediated the relationship between
the mathematics self-concept of left-behind children at T1 and
their mathematics achievement at T2 at the within-group level,
and the self-enhancement model at the within-group level
provided a kind of support for the influence mechanism of
the mathematics self-concept of left-behind children.

Implication for Educational Research and Practice

The present study has some useful implications for school prin-
cipals, teachers, and students. First, the results of this study
showed that academic achievement within a domain could pro-
mote academic self-concept in the same domain (mathematics
achievement on mathematics self-concept). Furthermore, aca-
demic achievement in a domain might not have the effect to
improve academic self-concept in a different domain that is of
different nature and demands a different learning process
(Chinese achievement on mathematics self-concept). The com-
mon explanation for this phenomenon is that positive mathemat-
ics self-concept encourages students to devote more energy to
mathematics learning, and correspondingly, less effort is devoted
to Chinese or other domains. There appears to be a need for
teachers to consolidate and strengthen students’ knowledge and
ability in the process of teaching, to form specific academic self-
concept different from that in other domains. Moreover, teachers
should also give cognitive and emotional support to the students’
weak domains to reduce the sense of imbalance of self-concept in
different domains.

School principals and teachers should note that left-behind
children tend to make negative social comparisons, which may
be closely related to their negative self-assessment and self-iden-
tity. Therefore, the construction of a supportive and harmonious
scientific education environment is key to improve the self-
concept of left-behind children’s academic self-concept. In daily
teaching practice, teachers should pay more attention to their
emotional experience and make them feel respected and accept-
ed. Thus, some left-behind children who have made great efforts
in their studies and achieved stable achievement should be
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commended, so that others can be inspired and have a broader
reference standard.

The multilevel mediation model highlights a strong effect
of students’ school engagement on academic achievement. In
other words, what students need is not only sound and positive
academic self-concept but their engagement in school.
Wolters (2003) believed that school engagement could be
viewed as a dimension of learning that could be regulated by
the students themselves. Therefore, to achieve the optimal
results of academic development, good behavior patterns
should be established. The implications of the major results
of this study may give some insights to school principals and
teachers who intend to help students develop appropriate ac-
ademic self-concept and attain ideal academic development.

Limitations of the Present Study

There are several limitations of the present study that
should be considered. First, this study only investigated
the formation and influence mechanism of academic self-
concept of left-behind children in mathematics. Although
academic self-concept of mathematics is representative, ac-
tually, academic self-concept is a hierarchical and multidi-
mensional concept, including multidisciplinary academic
self-concept in different disciplines (such as Chinese, math-
ematics, etc.). In addition, there are differences in knowl-
edge content and knowledge form among different disci-
plines, so the corresponding ways to form academic self-
concept have their own characteristics. Future studies could
explore the academic self-concept of multiple disciplines,
using different approaches, providing sufficient and com-
prehensive evidences for the formation of left-behind chil-
dren’s academic self-concept.

Second, the present research only investigated left-
behind children at Time 2, which is an important limitation
of the present study. Due to the lack of data of non-left-
behind children at Time 2, potential differences between
mathematics self-concept of left-behind children and its
influence on mathematics achievements, and that of non-
left-behind cannot be explored. Considering that left-
behind children have been seen as a vulnerable group, the
results of Time 2 cannot be generalized to China in general.
Future research could run tracking studies that includes
both left-behind children and non-left-behind children, in-
creasing the generalization of the interpretation of present
results at Time 2.

Third, Study 2 investigated the mechanism of mathemat-
ics self-concept at T1 on mathematics achievement at T2.
Mathematics school engagement partially explained the re-
lationship between mathematics self-concept at T1 and
mathematics achievement at T2; it may be theorized that
other motivational processes played a role (e.g. self-
efficacy beliefs). Additionally, contextual influence on

mathematics school engagement at T2 and mathematics
achievement at T2 are not yet clear. In a model by
Connell et al. (1994), external context (such as parents’
educational participation, social support, etc.) played an
important role in changing individual behavior and result.
Therefore, the influence of different school situations or
family environments on individual academic outcomes
need to be further studied.

Fourth, different measures of academic achievement
would affect the relationship between academic self-
concept and academic achievement. For example, the dif-
ferences between academic grades and standardized test
scores have been discussed (Marsh 1987; Marsh et al.
2018). To identify the relationship between mathematics
self-concept and mathematics achievement, follow-up stud-
ies should evaluate how and to what extent that left-behind
children’s academic achievement and academic self-
concept at T1 effect their academic achievement and aca-
demic self-concept at T2 through different measurement
methods. Alternatively, we could also adopt a cross-
lagged research method to verify the interaction between
academic self-concept and academic achievement.

Finally, we used the method of pre-test and post-test to
track academic self-concept and academic achievement. It
was not a repeated measurement of the main variables at
Time 1 and Time 2, but other variables were also applied at
Time 2. It would be better for future research to have the
same scales at each instance of examination. Furthermore,
the time span between the tracking studies was only
6 months and the result is not consistent with the findings
of Skaalvik and Valas (1999). The possible reasons for the
differences may due to the differences in the tracking time.
It is suggested that future studies should increase the time
span between tracking studies, and should increase the
number of such studies. For example, repeat all measure-
ments a third time after 2 years to better understand the
growth trajectory of academic self-concept of left-behind
children.

Conclusions

The present study contributes to research on academic self-
concept in several ways. This study helps clarify the formation
mechanism of mathematics self-concept of left-behind chil-
dren in mainland China. The results of study 1 were not total
consistent with the combined (the I/E model and the BFLPE)
model. Specifically, the I/E model was supported partially,
whereas the BFLPE was invalid when interpersonal or inter-
group comparison process has been engaged in social com-
parisons. Furthermore, it is one of the first testing influence
mechanism of mathematics self-concept with multilevel struc-
tural equation modeling. The results of study 2 suggested that
the indirect effects of mathematics self-concept at Time 1 on

5580 Curr Psychol (2021) 40:5567–5586



mathematics achievement at Time 2 mainly focus on the
within-group level. Hence, the results indicate that contextu-
alized characteristics may play a role in the formation and
influence mechanism of mathematics self-concept of left-
behind children. Based on these conclusions, we suggest that
future research on the academic self-concept should incorpo-
rate in- and out- group as a contextual variable in the social
comparison model and to consider hierarchical data structure
of the sample in order to get a precise influence mechanism of
academic self-concept.
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Appendix 1

Presentation of all parameter estimates includes Chinese self-
concept as a control variable in Table 7, Table 8 and Table 9

Table 7 Tests of combined model

Variable Model 1 Model 2

β SE β SE

Fixed Effect
Level1:Individual variables
Gender 0.210** 0.030
Age −0.033* 0.014
Parents’ Socioeconomic Status −0.002 0.002
Mathematics Grade 0.207*** 0.024
Chinese Grade −0.050* 0.023
Chinese self-concept 0.530 0.023
Level2:Class-level variables
CA-MG −0.048 0.075
Random Effect
Intercepts(τ00) 0.095*** 0.022***

Residual(σ2) 0.389 0.160
Model summary
Deviance(−2LL) 1732.489 973.751

β is the unstandardized regression coefficient

Control variables are gender, age, parents’ socioeconomic status and
Chinese self-concept at Level 1

CA-MG Class-average mathematics grade
* p < 0.05; ** p < 0.01; *** p < 0.001
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Table 8 Tests of interpersonal
and intergroup upward social
comparison

Variable Majority Group Minority Group

Model 3 Model 4 Model 5 Model 6
β(SE) β(SE) β(SE) β(SE)

Fixed Effect

Level1:Individual variables

Gender 0.205***(0.052) 0.211***(0.047) 0.190**(0.068) 0.234** (0.076)

Age −0.091***(0.023) −0.076***(0.020) 0.059(0.043) 0.022(0.047)

Parents’ Socioeconomic Status 0.005(0.004) 0.004(0.004) −0.003(0.004) 0.002(0.005)

Mathematics Grade 0.261***(0.048) 0.253***(0.045) 0.073(0.087) 0.127(0.067)

Chinese Grade −0.057(0.037) −0.034(0.034) −0.089(0.063) −0.042(0.049)
Chinese self-concept 0.447***(0.031) 0.488***(0.035) 0.456***(0.057) 0.424***(0.047)

Level2:Class-level variables

CA-MG −0.437(0.902) −0.079(0.258) −0.638(0.370) 1.862* (0.831)

LBCA-MG 0.500(0.886) 0.263(0.367)

NLBCA-MG 0.040(0.184) −2.094*(0.850)
Random Effect

Intercepts(τ00) 0.050*** 0.039*** 0.111 *** 0.069***

Residual(σ2) 0.143 0.153 0.144 0.144

Model summary

Deviance(−2LL) 296.597 360.173 16.503 150.167

β is the unstandardized regression coefficient

Control variables are gender, age, parents’ socioeconomic status, mathematics grade, Chinese grade and Chinese
self-concept at Level 1, CA-MG at Level 2

CA-MGClass-average mathematics grade, LBCA-MG Left-behind children-average mathematics grade,NLBCA-
MG Non-left-behind children-average mathematics grade

[Majority group (Model3 Upward Interpersonal Comparison: Individual-level variables, n = 268; Class-level
variables, n = 23. Model4 Upward Intergroup Comparison: Individual-level variables, n = 311; Class-level vari-
ables, n = 23)]; [Minority group (Model5 Upward Interpersonal Comparison: Individual-level variables, n = 121;
Class-level variables, n = 21. Model6 Upward Intergroup Comparison: Individual-level variables, n = 120; Class-
level variables, n = 19)]
* p < 0.05; ** p < 0.01; *** p < 0.001
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