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Abstract

Utilizing the Programme for International Student Assessment 2012 Shanghai dataset

(N ¼ 5;177), this study examined the relationship between school disciplinary climate

aggregated from mathematics classrooms and student mathematics learning outcomes,

including mathematics achievement and intrinsic and instrumental motivation to learn

mathematics, from the perspective of the self-determination theory of academic moti-

vation. The results of the analyses demonstrated challenges supporting students in

Shanghai schools to simultaneously perform well in the three mathematics learning

outcomes. Meanwhile, an orderly school disciplinary climate might hurt students’

instrumental motivation, although it is beneficial to students’ mathematics achievement.
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Introduction

In Confucian culture, cultivating high-performing, motivated, and well-behaved
learners now and for life is considered as a conbined duty of schooling.
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Considerable research has been directed towards examining the relationship
between academic motivation and achievement, particularly in Western school
contexts (Organisation for Economic Co-operation and Development [OECD],
2013), and the relationship between discipline and achievement, particularly in
East Asian school contexts (Ning et al., 2015). However, few studies consider
school disciplinary climate as a specific factor influencing students’ motivation
to learn, particularly in high-performing school systems, such as Shanghai’s, rely-
ing heavily on an orderly school disciplinary climate to insure students’ academic
performance (Ning, 2019). In Shanghai, as well as in many Eastern Asian countries
and economies, the mastery teaching mechanism, characterized as whole class
interactions, small step progress, and teaching with variation, encourages teachers
to keep the classroom in a quiet and orderly condition, that is, an orderly disci-
plinary climate (Boylan et al., 2017). To maintain such a climate, most Shanghai
teachers would correct disruptive behaviors at the outset via timely reminding
strategies such as standing up during class time and after class talk mechanism
such as serious warnings (Ning, 2019). Using data gathered from the Programme
for International Student Assessment (PISA) 2012 Shanghai survey, this study
examined the relationship between school disciplinary climate and students’ moti-
vation to learn mathematics and mathematics achievement, from the perspective of
the self-determination theory of academic motivation (see Ryan & Deci, 2017).

The rationale of discipline, motivation, and achievement
in mathematics learning

Students’ motivation to learn mathematics and their achievement in mathematics
are universally important purposes of schooling. Mathematics achievement is
strongly related to creativity, problem solving and other high-level cognitive pro-
cesses, which are in serious need in many societies (OECD, 2013). Motivation to
learn mathematics may interact with cognitive effort by modulating the computa-
tion and estimation of physical effort costs and rewards and increasing cognitive
control, enabling, for example, the patience to focus on work for long periods of
time and the efficient allocation of work time (Braver et al., 2014). Traditionally,
students’ mathematics achievement has been a central focus of school effectiveness
research. Nowadays, many leading school systems deem motivation to learn math-
ematics an important objective. It is extremely important in secondary schooling
considering that the level of mathematics interest decreases rapidly during stu-
dents’ transit from primary to secondary school in many countries, and students
can avoid mathematics altogether in higher education and career periods
(Grootenboer & Marshman, 2016). In PISA 2012, students’ motivation to learn
mathematics and mathematics achievement are both measured (OECD, 2013).

Students’ motivation to learn mathematics and mathematics achievement are
developmental and interdependent, and are influenced by the design of educational
experience (Middleton, 2013). School context, such as culture, climate, and envi-
ronment, plays an influential role in determining students’ mathematics objective
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setting and motivation to learn mathematics (Elliot & Murayama, 2008). Students
within the same school could be conceptualized as a small social system comprised
of individuals diverse in motivation strength and achievement level although
within the same school rules and regulations.

The theoretical framework behind this study

From the perspective of the self-determination theory of academic motivation, the
distinction between intrinsic and instrumental motivation to learn mathematics
relates to the reasons behind students’ mathematics learning activities and con-
cerns both the orientation and strength of the motivation (Ryan & Deci, 2017).
Instrumental motivation to learn mathematics, known as mathematics utility or
extrinsic motivation to learn mathematics, refers to the performance of an activity
in order to attain some reward, and thus contrasts with intrinsic motivation to
learn mathematics, termed mathematics interest, which refers to doing activities
for the inherent satisfaction of the activities themselves (Ryan & Deci, 2000). Both
intrinsic and instrumental motivation are extremely important to school success.
Intrinsic motivation drives students to approach learning tasks as a challenge,
especially in early childhood, which is necessary for success in most cases, and
to employ habits that maximize task success (Maclaren et al., 2017). In late child-
hood and adolescence, instrumental motivators become important drivers of task
engagement, since school is the environment in which people acquire most of their
experience with organized and intentional learning (Kover & Worrell, 2010).

From the perspective of the self-determination theory of academic motivation,
the relationship between students’ academic motivation and achievement is not
consistently positive across studies (Taylor et al., 2014). Generally, the levels of
self-regulation in students’ motivation largely determine the effect of motivation
on achievement, with intrinsic motivation, characterized by high self-regulation,
being more important than instrumental motivation, characterized by low self-
regulation (Chowdhury & Shahabuddin, 2007). Particularly, students who are
motivated by their intrinsic needs for autonomy, relatedness, and competence
are more likely to show greater persistence at learning activities and therefore
achieve higher academic scores and psychological wellness (Guiffrida et al.,
2013). Educators should cultivate a more self-regulated learning environment,
where students perceive that they can make meaningful choices within the learning
context (autonomy), feel connected with the teacher, classmates, and learning con-
tent (relatedness), and believe in their ability to successfully complete their tasks
(competence) (Ryan & Deci, 2017).

In considering the relationship between intrinsic and instrumental motivation,
self-determination theory incorporates the idea that the internal and external cir-
cumstances, such as the sense of belonging and supportive environments, influence
the internalization of instrumental motivation into a sub-theory entitled organis-
mic integration theory (Ryan & Deci, 2000). According to this theory, students
could learn mathematics for a reason distinct from mathematics learning itself and
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still be intrinsically motivated to learn mathematics, with the internalization level
of instrumental motivation depending on the circumstances (Kover & Worrell,
2010). Specifically, an instrumentally motivated task will be internalized easily if
undertaken in a context supportive of students’ experience of autonomy, compe-
tence, and relatedness to important others (Kover & Worrell, 2010). The impact of
an orderly school disciplinary climate, which restricts student autonomy, supports
student competence, and cultivates student peer norms at the school level, needs to
be examined in East Asian contexts (Maulana & Opdenakker, 2014).

Research gaps on motivation to learn mathematics and achievement
in mathematics

Utilizing the PISA 2012 Shanghai dataset, this study aims to examine the relation-
ship between school disciplinary climate aggregated from mathematics classrooms
and student mathematics learning outcomes, including mathematics achievement
and intrinsic and instrumental motivation to learn mathematics, from the perspec-
tive of the self-determination theory of academic motivation. A brief literature
review indicated that the research findings concerning the relationship between
intrinsic and instrumental motivation are not always consistent. Several studies
concluded that students’ instrumental motivation to learn, involving rewards such
as admission to prestigious universities or a promising future career, significantly
stimulates their intrinsic motivation to learn, in terms of enjoyment of the learning
materials, activities, and process (Kover & Worrell, 2010). In contrast, other stud-
ies described the joyless and self-injurious behaviors of high-performers who have
few personal interests but are eager to be enrolled in prestigious universities, indi-
cating the detrimental effects of instrumental motivation on intrinsic motivation
among high-performing students (For further information see Robbins, 2006). An
important concern about intrinsic motivation derived from instrumental motiva-
tion is its sustainability. Considering the fact that instrumental motivation to learn
is focused on outcomes that are extraneous to the learning materials, activities, and
process itself, some self-determination theorists of academic motivation have pre-
dicted that the encouragement of instrumentally valued learning dampens inherent
interest in and enjoyment of academic pursuits (Eccles et al., 1998). These contra-
dictory findings in previous studies led to the development of the hypothesis:

Hypothesis 1. Shanghai students’ intrinsic and instrumental motivation to learn math-

ematics positively predict each other.

A cross-cultural comparison of the findings in this domain indicated that whereas
instrumental motivation exerted non-significant or even detrimental effects on stu-
dents’ academic performance in some Western cultures that emphasized individual-
istic values and student-centered instruction, such as the United States, both intrinsic
and instrumental motivation contributed to students’ academic performance in some
East Asian cultures that emphasized collectivist values and teacher-centered
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instruction, such as Indonesia and China (Maulana & Opdenakker, 2014; Zhu &
Leung, 2011). Furthermore, some previous research found that the impact of intrin-
sic motivation on academic achievement is much stronger in Western than East
Asian cultures (Triandis, 1995). Compared to their peers in the United States, stu-
dents’ experience of autonomy is endorsed less while their experience of competence
in frequent exams and relatedness to important others such as teachers and parents
are cherished more in Chinese schooling (Tseng, 2004). Specifically, both the interest

level and the utility of learning activities and processes for their academic and social-
emotional values are important to students in East Asian schools. Based on these
findings in previous studies, the following hypotheses were proposed:

Hypothesis 2. Shanghai students’ intrinsic motivation to learn mathematics and math-

ematics achievement positively predict each other.

Hypothesis 3. Shanghai students’ instrumental motivation to learn mathematics and

mathematics achievement positively predict each other.

Research gaps on the influence of school disciplinary climate

From a neural perspective, an orderly school disciplinary climate is extremely
important in the motivation-achievement relationship in adolescence considering
that most adolescents’ prefrontal cortex, which is in charge of self-control, has not

fully matured (Braver et al., 2014). Empricial evidence indicated that teachers’ rule
clarity and monitoring, indicating an orderly disciplinary climate, enhanced stu-
dents’ intrinsic motivation to learn mathematics (Kunter et al., 2007). Another
relevant finding with a sample of Chinese students indicated that students’ group
level emotion management was positively related to their motivation to engage in
collaborative and self-regulated learning, in terms of more conscious motivation
monitoring and help-seeking behaviors (Xu et al., 2013). However, findings con-
cerning the effects of discipline on motivation and achievement were inconsistent.

Kover and Worrell (2010) confirmed that external events that are controlling in
nature have been found to destroy students’ sense of self-determination and there-
fore their intrinsic motivation. In considering the findings and unexamined issues
in previous studies, the following hypotheses were proposed:

Hypothesis 4. School disciplinary climate positively predicts Shanghai students’ math-

ematics achievement.

Hypothesis 5. School disciplinary climate positively predicts Shanghai students’ intrin-

sic motivation to learn mathematics.

Hypothesis 6. School disciplinary climate positively predicts Shanghai students’

instrumental motivation to learn mathematics.
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To examine the hypotheses in this study, a hypothesized structural equation model
as suggested in Figure 1 was constructed based on PISA 2012 Shanghai data.
Apart from the overall consideration of discipline, motivation, and achievement
in mathematics learning, students’ background characteristics, including gender,
grade level, and economic, social, and cultural status (ESCS), were controlled in
the modeling, considering their significant relations to students’ academic achieve-
ment and motivation.

Method

Measures

PISA is a triennial international survey designed to evaluate education systems
worldwide by testing the skills and knowledge of 15-year-old students, together
with their background non-cognitive characteristics and school context. For each
participating country, an international agency, entitled the PISA Consortium, uses
a two-stage stratified sampling design to select schools and students successively.
In the school sampling stage, the probability of an eligible school being selected is
proportional to the number of eligible 15-year-old students enrolled in that school.
In the student sampling stage, the student samples are randomly selected for each
sampled school with more than 35 eligible students, which is the target cluster size.
For each sampled school with 35 or fewer eligible students, all these students are
selected (OECD, 2014 b). In the PISA 2012 survey, the skills and knowledge of
approximately 510,000 students from 65 countries and economies were measured
in five domains: reading, mathematics, science, problem-solving, and financial

Figure 1. The hypothesized model.
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literacy, with a focus on mathematics (OECD, 2014 b). In Shanghai, 5,177 students
from 155 schools participated.

Mathematics achievement. In the PISA surveys, mathematics achievement was
assessed in terms of the concept of “literacy,” which referred to the capacity to
formulate, employ, and interpret mathematics in various contexts (for information
about the construction of this measure, see OECD, 2014a). Four overarching ideas
i.e., quantity, space and shape, change and relationships, and uncertainty and data,
were incorporated into the survey to examine students’ mathematics literacy
(OECD, 2014a). To save time, each sampled student completed only a part of
the mathematics assessment scale and context questionnaire in a rotated testing
design. Subsequently, the student’s mathematics literacy was estimated based on
his or her answers, and the answers of similar students for the missing parts.
To account for the measurement error that seeps in during the imputation of
the missing items, five plausible values for student mathematics literacy were
given in the PISA database, enabling us to estimate robust and unbiased popula-
tion parameters. These plausible values were vertically equated to the results of
PISA 2003, in which the results were standardized with an average value of 500
and a standard deviation of 100 for OECD countries. In this study, we used all five
plausible values for mathematics achievement in each correlation and structural
equation modeling analysis.

Intrinsic motivation to learn mathematics. Intrinsic motivation to learn mathematics
was represented by students’ reports of their enjoyment of and interest in mathe-
matics learning materials and process, which was listed as the INTMAT index in
the PISA 2012 student database. This is a standardized index with an average value
of zero and a standard deviation of one for the OECD countries. Technically, the
INTMAT index was calculated by averaging students’ levels of agreement with
four statements in their mathematics lessons, such as “I enjoy reading about
mathematics”. The response scale ranges from 1 to 4, indicating “strongly
agree,” “agree,” “disagree,” and “strongly disagree” respectively. All items were
reversed so that a higher number corresponds to a higher level of intrinsic moti-
vation. The scale reliability for INTMAT for our data was 0.91, which indicates an
acceptable level of internal consistency.

Instrumental motivation to learn mathematics. Instrumental motivation to learn math-
ematics was represented by students’ ratings of the utility of mathematics to their
future study and career, the INSTMOT index in the PISA 2012 student database.
This is a standardized index with an average value of zero and a standard deviation
of one for the OECD countries. Technically, the INSTMOT index was calculated
by averaging students’ levels of agreement with four statements regarding their
mathematics lessons, such as “I will learn many things in mathematics that will
help me get a job.” The response scale ranges from 1 to 4, indicating “strongly
agree,” “agree,” “disagree,” and “strongly disagree” respectively. All items were
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reversed so that a higher score corresponds to a higher level of intrinsic motivation.
The scale reliability for INSTMOT in Shanghai is 0.88, which indicates an accept-
able level of internal consistency.

School disciplinary climate. In research on school climate, students are often used as
informants, i.e., multiple observers provide data on one construct, as it is assumed
that students’ interpretation of the classroom/school climate is more likely to
influence their reactions and behaviors compared to objective measures (Ning,
2019). In this study, school disciplinary climate, SCH_DISCLIMA, represented
the average level of classroom disciplinary climate in a school, with a higher score
indicating a better climate. The authors of this article computed it as a weighted
mean of the student level index DISCLIMA, which is available in the PISA 2012
student database. The DISCLIMA index was calculated by averaging students’
levels of agreement with five statements in their mathematics lessons, that is,
“Students don’t listen to what the teacher says,” “There is noise and disorder,”
“The teacher has to wait a long time for the students to quieten down,” “Students
cannot work well,” and “Students don’t start working for a long time after the
lesson begins.” The response scale ranges from 1 to 4, indicating “every lesson”,
“most lessons”, “some lessons”, and “never or hardly ever” respectively. All items
were reversed so that higher scores correspond to a better disciplinary climate.
The scale reliability (Cronbach’s raw a) for DISCLIMA in Shanghai is 0.88, which
indicates an acceptable level of internal consistency. The effect size of school dis-
ciplinary climate on individual students’ perceptions of this climate (ICC) is .19 in
Shanghai, which indicates that a decent proportion of the total variation found
in all student ratings can be attributed to the fact that students are nested
within schools.

Similar to mathematics assessments, each sampled student completed only a
part of the context and non-cognitive questionnaire. Overall, the proportions of
the rotated part together with the missing data in the INTMAT, INSTMOT,
DISCLIMA were about one-third in each economy. To account for the rotated
part and missing data, we used the Markov Chain Monte Carlo (MCMC) method
with a single chain to create five imputations for each missing datum in each
economy (Enders & Gottschall, 2011). The three student background character-
istics, including students’ gender (GENDER), grade level (GRADE), and econom-
ic, social, and cultural status (ESCS) and the five plausible values for student
mathematics literacy, together with the 13 indicators of INTMAT, INSTMOT,
DISCLIMA and these indices themselves, were considered in the imputation pro-
cedure. Additionally, the hierarchical structure of students in schools was
accounted for in the imputation of missing data (Mistler, 2013).

In addition to the aforementioned scales, ESCS, GRADE, GENDER which
were listed in PISA 2012 database, were used in the analyses. GENDER was coded
as a dummy variable with a value of 0 for girls (number of observations¼ 2,587)
and 1 for boys (number of observations¼ 2,528). GRADE represents the grade
level of student participants compared to the modal grade in the country or
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economy, which is grade ten in Shanghai. In Shanghai, the sampled students were

distributed across grades seven through twelve. Specifically, there are 54 students

in grade seven (coded as �3), 251 students in grade eight (coded as �2), 2,061

students in grade nine (coded as �1), 2,778 students in grade ten (coded as 0), 29

students in grade eleven (coded as 1), and four students in grade twelve (coded as

2). ESCS is a standardized index with an average value of zero and a standard

deviation of one for the OECD countries. Three indices were used in the construc-

tion of the ESCS index, including the highest occupational status of parents

(HISEI), the highest educational level of parents in years of education

(PARED), and home possessions (HOMEPOS). The scale reliability for ESCS

in Shanghai was 0.69. For a detailed discussion of the constructs included in

this index, see OECD (2014 b).
For the descriptive statistics for these scales, please see Table 1.

Analysis

Many school effectiveness researchers consider schooling to be a multi-input multi-

output production process. A concurrent analysis of several learning outcomes in

an outstanding school system could show the benefits and costs of one school

improvement strategy simultaneously. In this study, the primary tool of analysis

was structural equation modeling (SEM). The authors examined the relationships

between school disciplinary climate and student mathematics learning outcomes,

including mathematics achievement and intrinsic and instrumental motivation to

learn mathematics, controlling for student background characteristics.
More specifically, we addressed four issues simultaneously, that is, the effects of

students’ background characteristics on their mathematics learning outcomes, the

multilateral relationships among the three student mathematics learning outcomes,

and the effects of school disciplinary climate on student mathematics learning

outcomes. Covariance structure analyses based on a maximum likelihood estima-

tion method were used in structural equation modeling and an emerging

model with an acceptable goodness-of-fit (v2 21ð Þ ¼ 22544:25; p < 0:001; GFI ¼ 1;
CFI ¼ 1; SRMR ¼ 0; RMSEA ¼ 0:062 0:055; 0:069½ �; p < 0:0001) was fixed as

suggested in Figure 2. Considering the necessity to examine the six hypotheses

simultaneously, this study fixed the emerging model without further model

optimization.
SAS 9.4 was used to impute student level missing data, aggregate school level

variables from student level measures, and conduct descriptive analyses and struc-

tural equation modeling. An important strength of SAS 9.4 in structural equation

modeling is its calculation of multilateral relations between variables simulta-

neously. Since the sub-sample sizes of students differed across sampling strata,

the final student weights (W_FSTUWT) in the PISA 2012 student database were

accounted for in the aforementioned data preparation and analyses.
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Results

The multi-lateral relations between student mathematics learning outcomes

Students’ mathematics achievement and their intrinsic and instrumental motiva-

tion to learn mathematics predict one another in different ways. Specifically,

students’ mathematics achievement negatively predicts their intrinsic motivation

to learn mathematics (b ¼ �0:84; p < :001; 95% CI ½�1:18; � 0:5�) but posi-

tively predicts their instrumental motivation to learn mathematics (b ¼ 0:79;

p < :001; 95% CI ½0:71; 0:87�). Students’ intrinsic motivation to learn mathe-

matics positively predicts their mathematics achievement (b ¼ 0:53; p < :001;

95% CI ½0:49; 0:57�) and instrumental motivation to learn mathematics

(b ¼ 2:08; p < :001; 95% CI ½1:92; 2:2�), with the effect size of the former

being much smaller than the latter. Students’ instrumental motivation to learn

mathematics negatively predicts their mathematics achievement (b ¼ �0:31;

p < :001; 95% CI ½�0:35; � 0:27�) but positively predicts their intrinsic motiva-

tion to learn mathematics (b ¼ 5:02; p < :001; 95% CI ½4:98; 5:06�). These

results are consistent with the prediction of Hypothesis 1 but inconsistent with

the prediction of Hypothesis 2 and 3. That is, students’ intrinsic and instrumental

motivation to learn mathematics positively predict each other but they do not

always positively predict mathematics achievement.

The influences of school disciplinary climate on student mathematics

learning outcomes

An orderly school disciplinary climate does not benefit all student mathematics

learning outcomes. Specifically, a better school disciplinary climate positively

Figure 2. The emerging model.
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predicts students’ mathematics achievement (b ¼ 0:45; p < :001; 95% CI ½0:43;
0:47�), non-significantly predicts their intrinsic motivation to learn mathematics

(b ¼ 0:08; p < :001; 95% CI ½�0:12; 0:28�), but negatively predicts their instru-

mental motivation to learn mathematics (b ¼ �0:52; p < :001; 95% CI ½�0:58;

�0:46�). These results are consistent with the prediction of Hypothesis 4 and incon-

sistent with the prediction of Hypothesis 5 and 6.

Conclusion and discussions

Discipline, motivation, and achievement in mathematics learning

Interest-driven students and high-performing students are not necessarily the same group. In

Shanghai, interest-driven students tend to perform better in mathematics while

high-performing students enjoy mathematics learning to a lesser extent. In con-

trast, several studies in Western contexts confirmed that subject interest and

achievement reciprocally reinforce each other in the long term (Brandenberger

et al., 2018; Taylor et al., 2014). For instance, Gottfried et al. (2007) indicated

that students’ intrinsic motivation to learn mathematics was positively related to

their mathematics achievement at both initial and later measurement points, while

falling behind in mathematics achievement was a significant contributor to the

developmental decline in their intrinsic motivation to learn mathematics from

childhood through adolescence. One explanation for the distinct effects of intrinsic

motivation to learn mathematics and mathematics achievement on each other in

Shanghai is the school quality control mechanism there, specifically the high dif-

ficulty level of learning materials, the competitive examination system, and the

heavy student workloads necessary to achieve a high score in mathematics,

which wipes out high performers’ mathematics interest. A similar situation

occurred in Korea, where in response the educational administration decided to

cut out some difficult contents and increase the interest level of teaching materials

in their 2015 National Curriculum Reform to maintain students’ mathematics

interest (Li & Park, 2018).

Imbalanced associations between mathematics utility and achievement. Apart from

high-performing students’ low enjoyment of mathematics learning, students appre-

ciating the utility of mathematics tend to perform poorly, that is, the failure of

evolutionary utilitarianism in Chinese society. In contrast, the high-performing

students tend to appreciate the utility of mathematics in Shanghai. This conclusion

is much informative considering that in many countries, there is a serious shortage

of mathematically well-educated manpower specifically in scientific and technical

fields (Hannula et al., 2014, p. 249). According to the expectancy-value theory of

achievement motivation, the development of instrumental motivation to learn

mathematics is influenced by at least three factors, the values mathematics students

derived from their social context, the importance attached to mathematics by
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students’ culture, and their self-perceptions of mathematics achievement and effi-
cacy (Gaspard et al., 2015).

Consitent prediction of mathematics interest and utility on each other. Personal develop-
ment in mathematics is best served by combining long-term instrumental aspira-
tions with short-term intrinsic motivation. In Shanghai, students seriously
concerned about the utility of mathematics tend to have a high level of intrinsic
motivation to learn mathematics, while students seriously concerned about the
interestingness of mathematics tend to appreciate the utility of mathematics.
These findings confirmed the possibility of inspiring students’ mathematics interest
via emphasizing the utility of mathematics for future study and work. In addition,
these findings suggested the usefulness of reminding interest-driven students of
mathematics utility, which might help maintain their intrinsic motivation to
learn mathematics. One thing worth mentioning is that although this study indi-
cated positive associations between instrumental motivation and intrinsic motiva-
tion to learn mathematics, some studies in other school contexts confirmed that
students’ instrumental motivation did not significantly affect or even negatively
affected their intrinsic motivation (Ryan & Deci, 2000).

Cultivating an orderly school disciplinary climate is not a one-size-fits-all school improvement

mechanism. Previous research demonstrated the importance of an orderly school
disciplinary climate in Shanghai schooling, as well as in many Eastern Asian
school systems, via examining the relationship between school disciplinary climate
and student academic achievement (Ning, 2019; Ning et al., 2015). The results in
this study, however, confirmed the concern of some educators in China that an
orderly disciplinary climate might hurt students’ instrumental motivation to learn
mathematics, although it is beneficial to students’ mathematics achievement. To
our knowledge, this study is the first one providing empirical evidence of possible
side effects of an orderly disciplinary climate on student mathematics learning
outcomes in an East Asian context, which rely a great deal on an orderly school
disciplinary climate to insure strong academic performance. Educators should
consider its potential harm to students’ instrumental motivation in the argument
for their academic achievement.

Implications and contributions

Shanghai schooling attracted much attention from the world due to the outstand-
ing academic performance of students in mathematics, science, and reading since
PISA 2009. International and local school improvement projects initiated by
Shanghai experience have increased rapidly. Among them, the system level
school improvement project in the UK, entitled the Sino-England Mathematics
Teacher Exchange Project started in 2014, was considered a great success in
improving the percentage of pupils achieving the expected standard in mathematics
at Key Stage Two (Boylan et. al, 2017). From this study we can see that
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educational researchers and policy-makers should consider the strong points
together with weak ones in their examination of school quality control strategies
in Shanghai schooling, featured as teacher-centered whole class teaching and cher-
ishing students’ cognitive structure more than their intrinsic and instrumental
motivation to learn.

The findings in this study are informative to school managers and psychologists
dealing with student misbehaviors. Shanghai schooling experience recommends
controlling student misbehaviors at school level, that is, cultivating an orderly
disciplinary climate with zero tolerance at the outset in teaching. However, both
external school disciplinary climate and internal intrinsic and instrumental moti-
vation are related to student academic success. Behaving only in accordance with
mathematics interest, in conflict with maintaining an orderly school disciplinary
climate, may decrease students’ mathematics achievement, whereas attending to a
task only because of school disciplinary climate may undermine additional instru-
mentality that can come from mathematics learning. These findings are inconsis-
tent partially with the classic descriptions in the self-determination theory of
academic motivation, based on some Western education systems in which the
importance of self-regulation and intrinsic motivation are emphasized (see Ryan
& Deci, 2017).

Limitations and future prospects

Student misbehaviors are lasting challenges to primary and secondary schooling in
many countries. To our knowledge, PISA 2012 is the only open access large-scale
international resource available for examining the impacts of school disciplinary
climate on intrinsic and extrinsic motivation to learn mathematics and mathemat-
ics achievement simultaneously. However, readers should keep in mind the limi-
tations of the measures in PISA 2012. For example, there are few statements being
used in the measurement of each conceptual construct and the sample responded
to these statements in 2012.

This study did not consider the multilevel structure of students in schools in
fulfilling the structural equation modeling criteria due to the unsatisfied model
fitting. Still, the results from structural equation modeling are quite sensitive due
to the multi-lateral interactions among variables being considered. Therefore, the
conclusions in this study rely much on the theoretical assumptions that the afore-
mentioned variables are extremely important in Shanghai schooling while the
others could be ignored in the relationships between school disciplinary climate
and student mathematics learning outcomes.

Moreover, this study did not examine the impact of student mathematics learn-
ing outcomes on school disciplinary climate, due to the unsatisfactory model fit,
although intrinsic motivation to learn mathematics has been found to play a sub-
stantial role in cultivating student self-regulation (Brandenberger et al., 2018). Still,
it will be informative if future studies could explore the relationship between school
disciplinary climate and students’ motivation to learn mathematics at the school

14 School Psychology International 0(0)



level, termed the school mathematics learning atmosphere, considering the finding
in a previous study that when group members reciprocally commit to improving
the group level emotional atmosphere and motivation jointly, they are more likely
to share the regulatory responsibility, bringing it to the “we” level (J€arvel€a &
Hadwin, 2013).
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Open access data from an international large-scale student survey, entitled the Programme

for International Student Assessment 2012, organized by OECD.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, author-

ship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, author-

ship, and/or publication of this article: This work was supported by Chinese National Social

Sciences Fund Education Youth Project under the Grant entitled an empirical study of

principals’ living condition in primary and secondary schools (No. CHA180269).

ORCID iD

Bo Ning https://orcid.org/0000-0003-3741-2693

References

Boylan, M., Maxwell, B., Wolstenholme, C., & Jay, T. (2017). Longitudinal evaluation of the

mathematics teacher exchange: China-England [Third interim report]. https://assets.pub

lishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/

666450/MTE_third_interim_report_121217.pdf
Brandenberger, C. C., Hagenauer, G., & Hascher, T. (2018). Promoting students’ self-

determined motivation in mathematics: Results of a 1-year classroom intervention.

European Journal of Psychology of Education, 33, 295–317. https://doi.org/10.1007/

s10212-017-0336-y
Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., Clement, N. J.,

Adcock, R. A., Barch, D. M., Botvinick, M. M., Carver, C. S., Cools, R., Custers, R.,

Dickinson, A., Dweck, C. S., Fishbach, A., Gollwitzer, P. M., Hess, T. M., Isaacowitz,

D.M., Mather, M. . . .the members of the MOMCAL Group. (2014). Mechanisms of

motivation-cognition interactions: Challenges and opportunities. Cognitive, Affective &

Behavioral Neuroscience, 14, 443–473. https://doi.org/10.3758/s13415-014-0300-0
Chowdhury, M. S., & Shahabuddin, A. M. (2007). Self-efficacy, motivation and their rela-

tionship to academic performance of Bangladesh college students. College Quarterly, 10,

1–9. http://collegequarterly.ca/2007-vol10-num01-winter/chowdhury_shahabuddin.html
Eccles, J., Wigfield, A., & Schiefele, U. (1998). Motivation to succeed. In N. Eisenberg (Ed.),

Handbook of child psychology: Social, emotional, and personality development (5th ed.,

Vol. 3., pp. 1017–1095). John Wiley & Sons.

Ning 15

https://orcid.org/0000-0003-3741-2693
https://orcid.org/0000-0003-3741-2693
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/666450/MTE_third_interim_report_121217.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/666450/MTE_third_interim_report_121217.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/666450/MTE_third_interim_report_121217.pdf
https://doi.org/10.1007/s10212-017-0336-y
https://doi.org/10.1007/s10212-017-0336-y
https://doi.org/10.3758/s13415-014-0300-0
http://collegequarterly.ca/2007-vol10-num01-winter/chowdhury_shahabuddin.html


Elliot, A. J., & Murayama, K. (2008). On the measurement of achievement goals: Critique,

illustration, and application. Journal of Educational Psychology, 100, 613–628. https://

doi.org/10.1037/0022-0663.100.3.613
Enders, C., & Gottschall, A. (2011). Multiple imputation strategies for multiple group

structural equation models. Structural Equation Modeling: A Multidisciplinary Journal,

18, 35–54. https://doi.org/10.1080/10705511.2011.532695
Gaspard, H., Dicke, A.-L., Flunger, B., Brisson, B. M., H€afner, I., Nagengast, B., &

Trautwein, U. (2015). Fostering adolescents’ value beliefs for mathematics with a rele-

vance intervention in the classroom. Developmental Psychology, 51, 1226–1240. https://

doi.org/10.1037/dev0000028
Gottfried, A. E., Marcoulides, G. A., Gottfried, A. W., Oliver, P. H., & Guerin, D. W.

(2007). Multivariate latent change modeling of developmental decline in academic intrin-

sic math motivation and achievement: Childhood through adolescence. International

Journal of Behavioral Development, 31, 317–327. https://doi.org/10.1177/0165025

407077752
Grootenboer, P., & Marshman, M. (2016). Mathematics, affect and learning: Middle school

students’ beliefs and attitudes about mathematics education. Springer. https://doi.org/10.

1007/978-981-287-679-9
Guiffrida, D., Lynch, M. F., Wall, A., & Abel, D. (2013). Do reasons for attending college

affect academic outcomes? A test of a motivational model from a self-determination

theory perspective. Journal of College Student Development, 54, 121–139. https://doi.

org/10.1353/csd.2013.0019
Hannula, M. S., Bofah, E., Tuohilampi, L., & Mest€amuuronen, J. (2014). A longitudinal

analysis of the relationship between mathematics-related affect and achievement in

Finland. In S. Oesterle, P. Liljedahl, C. Nicol, & D. Allan (Eds.), Psychology of math-

ematics education (Vol. 3., pp. 249–256). PME.
J€arvel€a, S., & Hadwin, A. F. (2013). New frontiers: Regulating learning in CSCL.

Educational Psychologist, 48, 25–39. https://doi.org/10.1080/00461520.2012.748006
Kover, D. J., & Worrell, F. C. (2010). The influence of instrumentality beliefs on intrinsic

motivation: A study of high-achieving adolescents. Journal of Advanced Academies, 21,

470–498. https://doi.org/10.1177/1932202X1002100305
Kunter, M., Baumert, J., & K€oller, O. (2007). Effective classroom management and the

development of subject-related interest. Learning and Instruction, 17, 494–509. https://

doi.org/10.1016/j.learninstruc.2007.09.002-
Li, Z., & Park, C. (2018). Initial discussion on the 2015 Revised National High School

Mathematics Curriculum of South Korea. Advances in Social Science, Education and

Humanities Research, 176, 1646–1649. https://doi.org/10.2991/icmess-18.2018.363
Maclaren, R., Tran, V. H., & Chiappe, D. (2017). Effects of motivation orientation on

schoolwork enjoyment and achievement and study habits. Thinking Skills and

Creativity, 24, 199–227. https://doi.org/10.1016/j.tsc.2017.03.003
Maulana, R., & Opdenakker, M.-C. (2014). Teachers’ interpersonal involvement as a pre-

dictor of students’ academic motivation among Indonesian secondary school students: A

multilevel growth curve analysis. The Asia-Pacific Education Researcher, 23, 591–603.

https://doi.org/10.1007/s40299-013-0132-7
Middleton, J. A. (2013). More than motivation: The combined effects of critical motiva-

tional variables on middle school mathematics achievement. Middle Grades Research

Journal, 8, 77–95. https://search.proquest.com/docview/1477416386/fulltextPDF

16 School Psychology International 0(0)

https://doi.org/10.1037/0022-0663.100.3.613
https://doi.org/10.1037/0022-0663.100.3.613
https://doi.org/10.1080/10705511.2011.532695
https://doi.org/10.1037/dev0000028
https://doi.org/10.1037/dev0000028
https://doi.org/10.1177/0165025407077752
https://doi.org/10.1177/0165025407077752
https://doi.org/10.1007/978-981-287-679-9
https://doi.org/10.1007/978-981-287-679-9
https://doi.org/10.1353/csd.2013.0019
https://doi.org/10.1353/csd.2013.0019
https://doi.org/10.1080/00461520.2012.748006
https://doi.org/10.1177/1932202X1002100305
https://doi.org/10.1016/j.learninstruc.2007.09.002
https://doi.org/10.1016/j.learninstruc.2007.09.002
https://doi.org/10.2991/icmess-18.2018.363
https://doi.org/10.1016/j.tsc.2017.03.003
https://doi.org/10.1007/s40299-013-0132-7
https://search.proquest.com/docview/1477416386/fulltextPDF


Mistler, S. A. (2013). A SAS macro for applying multiple imputation to multilevel data. http://
support.sas.com/resources/papers/proceedings13/438-2013.pdf

Ning, B. (2019). Examining the importance of discipline in Chinese schooling: An explora-
tion in shanghai, Hong Kong, Macao, and Taipei. Asia Pacific Education Review, 20,
489–501. https://doi.org/10.1007/s12564-018-9563-4

Ning, B., Van Damme, J., Van Den Noortgate, W., Yang, X., & Gielen, S. (2015). The
influence of classroom disciplinary climate of schools on reading achievement: A cross-
country comparative study. School Effectiveness and School Improvement, 26, 586–611.
https://doi.org/10.1080/09243453.2015.1025796

Organisation for Economic Cooperation and Development. (2013). PISA 2012 results:
Ready to learn: Students’ engagement, drive and self-beliefs (Vol. 3). OECD Publishing.
https://doi.org/10.1787/9789264201170-en

Organisation for Economic Cooperation and Development. (2014a). PISA 2012 results:
What students know and can do: Student performance in mathematics, reading and science
(revised ed., Vol. 1). OECD Publishing. https://doi.org/10.1787/9789264208780-en

Organisation for Economic Co-operation and Development. (2014b). PISA 2012 technical
report. OECD Publishing. http://www.oecd.org/pisa/pisaproducts/PISA-2012-technical-
report-final.pdf

Robbins, A. (2006). The overachievers: The secret lives of driven kids. Hyperion Books.
https://doi.org/10.1111/j.1542-734X.2007.00499.x

Ryan, R. M., & Deci, E. (2000). Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American Psychologist, 55, 68–78.
https://doi.org/10.1037/0003-066X.55.1.68

Ryan, R. M., & Deci, E. (2017). Self-determination theory: Basic psychological needs in
motivation, development, and wellness. Guilford Press.

Taylor, G., Jungert, T., Mageau, G. A., Schattke, K., Dedic, H., Rosenfield, S., & Koestner,
R. (2014). A self-determination theory approach to predicting school achievement over
time: The unique role of intrinsic motivation. Contemporary Education Psychology, 39,
342–358. https://doi.org/10.1016/j.cedpsych.2014.08.002

Triandis, H. C. (1995). Individualism and collectivism. Westview Press. https://doi.org/10.
4324/9780429499845

Tseng, V. (2004). Family interdependence and academic adjustment in college: Youth from
immigrant and U.S.-born families. Child Development, 75, 966–983. https://doi.org/10.
1111/j.1467-8624.2004.00717.x

Xu, J., Du, J., & Fan, X. (2013). Individual and group-level factors for students’ emotion
management in online collaborative groupwork. The Internet and Higher Education, 19,
1–9. https://doi.org/10.1016/j.iheduc.2013.03.001

Zhu, Y., & Leung, F. K. S. (2011). Motivation and achievement: Is there an East Asian
model. International Journal of Science and Mathematics Education, 9, 1189–1212.
https://doi.org/10.1007/s10763-010-9255-y

Author biography

Bo Ning is a Researcher in the Research Institute for International and
Comparative Education, Shanghai Normal University, China. His research focus-
es on cross-country comparison in school, principal, and teacher effectiveness.

Ning 17

http://support.sas.com/resources/papers/proceedings13/438-2013.pdf
http://support.sas.com/resources/papers/proceedings13/438-2013.pdf
https://doi.org/10.1007/s12564-018-9563-4
https://doi.org/10.1080/09243453.2015.1025796
https://doi.org/10.1787/9789264201170-en
https://doi.org/10.1787/9789264208780-en
http://www.oecd.org/pisa/pisaproducts/PISA-2012-technical-report-final.pdf
http://www.oecd.org/pisa/pisaproducts/PISA-2012-technical-report-final.pdf
https://doi.org/10.1111/j.1542-734X.2007.00499.x
https://doi.org/10.1037/0003-066X.55.1.6
https://doi.org/10.1016/j.cedpsych.2014.08.002
https://doi.org/10.4324/9780429499845
https://doi.org/10.4324/9780429499845
https://doi.org/10.1111/j.1467-8624.2004.00717.x
https://doi.org/10.1111/j.1467-8624.2004.00717.x
https://doi.org/10.1016/j.iheduc.2013.03.001
https://doi.org/10.1007/s10763-010-9255-y

	table-fn1-0143034320961465

