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Abstract
According to the self-determination theory, autonomy-supportive teaching is considered an effective
approach tomotivate students to learn. The present study investigates the effect of students’ perceived
autonomy support on math achievement over time, i.e. from grades 4 to 6, using a longitudinal
survey administered in Chinese elementary schools. A total of 1624 participants were assessed over
four waves. Autonomy need satisfaction and classroom engagement were included as predictors of
achievement growth. Latent growth curve modelling (LGCM) indicated that perceived autonomy
support accounted formore variance inmathematics achievement among 4th- and 5th-grade students
than it did for 6th-grade students. Furthermore, student autonomy need satisfaction positively
predicted the growth rate of their achievement, while behavioural engagement significantly and
positively predicted both the growth rate and the average initial level of mathematics achievement.

Keywords Perceived autonomy support . Autonomy need satisfaction . Engagement .

Mathematics achievement . Latent growth curvemodelling

Intrinsic motivation is defined as the performance of an activity for its inherent satisfaction
rather than for some external consequence (Ryan and Deci 2000). Intrinsic motivation is widely
recognized as one of the most efficient driving forces for learning (e.g. Fortus and Vedder-Weiss
2014; Pintrich and Harris 2003; Olsen et al. 2011; Stroet et al. 2013). Unfortunately, many
studies conducted in China suggest that student motivation to learn declines more steeply as the
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students advance through the grades, especially once they enter middle school (e.g. Wu andWu
2007). More specifically, according to a large-scale assessment in China, students’ intrinsic
motivation towards the learning of mathematics declines throughout their years in school
(Cheng et al. 2013). In the Chinese education system, mathematics is a core course from the
first grade in elementary school through the 12th grade in high school. In the famous Chinese
Gaokao system, only mathematics, Chinese, and English are required of all students regardless
of the student’s chosen major for college. As a result, how to motivate and engage students in
mathematics has been discussed and addressed in many previous studies (e.g. Cheng et al.
2013; Zhang, Fu, Liu, & Liu, 2018).

Intrinsic motivation is regarded as the prototype of autonomy (Deci and Ryan 2000; Shih 2009),
which is important for optimal learning and achievement, as proposed in self-determination theory
(SDT; Deci and Ryan 1985, 2000). Each individual has a psychological need for autonomy; in other
words, we have an innate desire for self-regulation and for our own perceptions of volition, vitality,
and initiative (Deci and Ryan 2000). Researchers have proven that autonomy support, which fulfils
the individual’s psychological need by establishing an autonomous climate (e.g. Deci and Ryan
1985), is to motivate individuals to become autonomous, as it enables them to feel self-motivated,
self-determined, and less controlled (e.g. Oga-Baldwin et al. 2017; Reeve 2009; Chirkov and Ryan
2001; Pintrich 2000; Zhou et al. 2009). Therefore, autonomy support in teaching and learning
practices is considered an effective approach to address the problem of a lack of motivation among
students towards learning (e.g. Zhang et al. 2018; Carreira 2012; Shih 2009; Jang et al. 2009), which
is considered one of the most serious and persistent problems in education (e.g. Cheng et al. 2013).
Specifically, teachers’ autonomy support in the classroom has been the focus of much research.
Enhancing intrinsic motivation could then improve students’ classroom engagement and academic
achievement (e.g. Carreira et al. 2013; Jang et al. 2012; Standage and Gillison 2007).

Previous studies have established the positive relationships between students’ perceived auton-
omy support from teachers and academic performance (e.g. Jang et al. 2012; Schuitema,Peetsma, &
van der Veen, 2016; Zhang et al. 2018). There is growing evidence that also highlights the causal
inference among the relevant variables, including classroom engagement and the psychological
need satisfaction of autonomy (e.g. Jang et al. 2012; Oga-Baldwin et al. 2017). For instance,
autonomy need satisfaction and classroom engagement have been used to explain the effect of
perceived teacher autonomy support on student academic achievement (e.g. Jang et al. 2012; Zhang
et al. 2018). However, it is regrettable that few studies have investigated the effect of autonomy
support on the growth of student achievement over time (Stroet et al. 2013; Schuitema et al. 2016).
This gap in the literature might be due to difficulties associated with tracking the participants and
collecting data over multiple time points. As we know, cross-sectional data do not provide robust
evidence regarding the causality of a relationship. Therefore, the current study employed longitu-
dinal data from mathematics classes in Chinese elementary schools to investigate the growth
trajectory of student math achievement over time and examine the potential causal inferences related
to the influences of autonomy support by teachers.

SDT

Perceived teacher autonomy support

Autonomous supportive teaching, which refers to the amount of psychological freedom
students are allowed when making decisions regarding their own behaviours (e.g. Assor
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et al. 2002; Reeve 2009), is an important instructional strategy based on the SDT. Teachers
who rely on an autonomy support style generally vitalize student intrinsic motivation (e.g. Jang
et al. 2009; Carreira 2012; Zhang et al. 2018) and learning outcomes (e.g. Deci et al. 1981;
Reeve 2009; Jang et al. 2012)(in terms of psychological need satisfaction), while teachers who
rely on a style that emphasizes control generally neglect or even undermine student motivation
and positive classroom engagement (Deci et al. 1981; Reeve 2009). Researchers find that
teachers can create a motivationally supportive environment by offering choices and
explaining the rationales for learning tasks, introducing meaningful learning goals, incorpo-
rating interesting activities, listening to students’ perspectives, and avoiding excessive con-
trolling behaviours (Jang et al. 2010; Reeve et al. 2004; Skinner and Belmont 1993). Students
experience autonomy in learning when they perceive autonomy-supportive behaviours from
their supervisors (Dupont et al. 2014). In autonomy-supportive learning contexts, although the
teachers are in a position of authority, they acknowledge the perspectives of the students,
respect their feelings, especially their negative feelings, and minimize the tendency to make
demands and place pressure on students (Deci et al. 1994).

Recent studies based on the SDT propose that teachers’ autonomy-supportive strategies
promote intrinsic and autonomous motivation in students and, in turn, influence other learning
outcome, such as academic achievement (Carreira 2012; Carreira et al. 2013; Noels et al. 2000;
Noels 2013; Soenens and Vansteenkiste 2005; Vansteenkiste et al. 2005; Vansteenkiste et al.
2009). When students are autonomously motivated, they engage in an activity for the sake of
the activity rather than for the purpose of obtaining an outcome that is separate from the
activity. Studies also show that students with greater intrinsic motivation employ more deep-
level learning strategies and achieve better grades (Senécal et al. 2003; Vansteenkiste et al.
2005). Furthermore, a mediation analysis of students in seven grades in Chinese schools
determined that students who perceive higher levels of autonomy support exhibit higher levels
of intrinsic motivation towards learning and thus demonstrate better academic achievement in
the learning of both Chinese and mathematics (Zhang et al. 2018).

Autonomy need satisfaction

According to the SDT, the need for autonomy is one of the three psychological needs related to
intrinsic motivation (e.g. Deci and Ryan 1985; Ryan and Deci 2000). The other two needs are
competence and relatedness. The need for competency represents the individual’s tendency to
experience challenges and mastery in different activities (White 1959), while the need for
relatedness is the tendency to establish strong and stable interpersonal relationships with others
(Ntoumanis 2001; Ryan and Deci 2000). Theoretically, these needs nourish and sustain high-
quality motivation and psychological wellness related to people’s activities. When the social
context is supportive, a person’s basic needs are fulfilled and the level of engagement in
learning activities ultimately increases (Connell and Wellborn 1991; Skinner et al. 2008).
Many studies have concluded that the positive motivational influences arise from the satisfac-
tion of psychological needs in educational contexts (e.g. Carreira et al. 2013; Oga-Baldwin
et al. 2017).

The mediating role of autonomy need satisfaction on the relationship between perceived
autonomy and student learning performance has been confirmed in previous studies (Reeve
et al. 2006; Carreira et al. 2013; Jang et al. 2012). A well-accepted finding is that teachers
provide autonomy support by nurturing autonomous classroom climates and that this auton-
omy support fulfils the needs for autonomy, thus leading to higher levels of classroom
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engagement or intrinsic motivation to learn, which, in turn, predicts course-related learning
outcomes such as academic achievement (Hardré and Reeve 2003; Jang et al. 2012; Jang et al.
2009; Vansteenkiste et al. 2010; Carreira 2012; Carreira et al. 2013). Carreira et al. (2013)
examined a motivation model of learning English in Japanese elementary school students and
concluded that teacher autonomy supportive climates that satisfy student autonomy needs
promote intrinsic motivation. Zhang et al. (2018) further posit that the satisfaction of the
autonomy need and the enhanced intrinsic motivation mediate the effect of the perceived
teacher autonomy support on student achievement. These two factors play separate mediating
roles in the prediction of achievement in both mathematics and Chinese for seventh-grade
students in China.

Classroom engagement

Classroom engagement is a multifaceted concept consisting of behavioural engagement,
emotional engagement, and cognitive engagement (e.g. Fredricks et al. 2004; Archambault
et al. 2009; Fredricks and McColskey 2012; Shernoff 2013). Behavioural engagement refers to
students’ learning behaviours and their participation in different school activities, including
finishing homework on time; emotional engagement refers to students’ affective feelings
towards learning, including their interest and enjoyment; and cognitive engagement refers to
students’ judgement about learning, including their use of self-regulated learning strategies
(Fredricks et al. 2004).

Student classroom engagement is closely related to teacher autonomy support, according to
previous studies. Oga-Baldwin and Nakata (2015) found positive influences of a well-
structured and autonomy supportive environment on students’ in-class engagement in Japa-
nese elementary classes. Jang et al. (2010) investigated students from nine public high schools
through hierarchical linear modelling (HLM). The results showed that if the teachers were
rated by observers as providing autonomy support, higher levels of collective behavioural
engagement could be observed in students. Dupont et al. (2014) also provide evidence
showing that if students perceive autonomy-supportive behaviours from their supervisors,
they are more likely to show cognitive engagement. Hospel and Galand (2016) conducted a
multilevel analysis of French speaking students in grade 9 and found that autonomy support is
associated with emotional engagement.

Together, these forms of engagement have shown meaningful effects on achievement (Jang
et al. 2012, 2016; Oga-Baldwin et al. 2017). By engaging actively and enthusiastically in
academic activities, students acquire knowledge, develop skills, and make progress (Jang et al.
2012). Hence, both the extent and the quality of student classroom engagement positively
affect student achievement (Alexander et al. 1993; Ladd and Dinella 2009). Through path
analysis based on longitudinal design, evidence was also provided that positive engagement
has direct effects on student learning and achievement (Jang et al. 2012; Oga-Baldwin et al.
2017).

Previous longitudinal findings

Several intervention-based longitudinal studies have investigated the effectiveness of autono-
my support. An early study was the 10-week intervention study conducted by Reeve et al.
(2004). These authors recruited participants from high schools and found that when teachers
frequently used autonomy-supportive instructional behaviours, their students exhibited greater
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engagement throughout the intervention. More recently, Zhang, Bobis, Wu, & Cui (2018) also
explored the impact of a 9-month autonomy-supportive teaching intervention on a physics
teacher and 147 grade 8 students attending a Chinese middle school. Mixed methods were
used to confirm that the increased use of autonomy support improved student need satisfaction
and engagement.

In addition, longitudinal empirical studies conducted in different countries in recent years have
aimed to investigate the co-varying relationships between autonomy support and other variables
related to learning performance. For example, Jang et al. (2012) administered a hypothesized
motivation mediation model using a three-wave longitudinal design to 8th-grade students in Korea.
A multilevel path analysis was conducted to explore the causal effect, reciprocal effect, and
stationary effects among student perceived autonomy support, autonomy need, engagement, and
achievement. In a study conducted in a Norwegian school, Diseth et al. (2018) examined the causal
and reciprocal relationship between perceived autonomy support and autonomy need satisfaction by
using longitudinal data with two waves. Furthermore, Oga-Baldwin et al. (2017) investigated how
elementary school students’motivation developed over the course with the latent analysis based on
structure equation models (SEM). These longitudinal data were collected in five waves of imple-
mentation throughout one Japanese school year in which perceptions of teacher support, need
satisfaction, and engagement weremeasured successively in themiddle three waves, and a students’
self-reported motivation was measured in a pre-test administered in the first wave and in a post-test
in the fifthwave. Together, these studies provided support for the causal relationship between teacher
autonomy support and achievement, as well as the effect of basic need satisfaction and classroom
engagement on that relationship, using path analysis methods and longitudinal data.

The rationale for the present study

In this article, a longitudinal empirical study was conducted to address how teacher autonomy
support predicts student mathematics achievement and the achievement growth trajectory
among elementary students from grades 4 to 6 in Chinese schools. By using latent growth
curve modelling (LGCM; e.g. Laursen and Little 2012; Muthén 1991), the current study
modelled the perceived autonomy support from teachers as time-varying predictive variables
of the mathematics achievement across different assessments over time. In addition, autonomy
need satisfaction and classroom engagement were included in the models. It is assumed that
the co-varying effects between each of the two indicators and the perceived autonomy support
on the prediction of achievement over time are explained by considering perceived autonomy
support as a single time-varying predictive variable, since they (perceived autonomy support
and achievement) are strongly associated with each other based on previous studies (e.g. Jang
et al. 2012; Schuitema et al. 2016). Therefore, by simultaneously modelling autonomy need
satisfaction and engagement as time-invariant covariates, their effect on the prediction of
achievement growth rate can be assessed. Furthermore, demographic data regarding gender
and social economic status (SES, Bradley and Corwyn 2002) are included in the survey.

Accordingly, this study aimed to answer three specific questions:

Question 1: What does the mathematics achievement growth trajectory look like for
elementary school students from grade 4 to 6?
Hypothesis 1: It is hypothesized that there are differences in individual students’ math-
ematics achievement over time as students advance from the 4th to the 6th grades. In
addition, individual differences in the growth trajectory among students exist.
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Question 2: How does the perceived autonomy support from teachers predict final
achievement of students over time with respect to mathematics learning?
Hypothesis 2: It is hypothesized that perceived autonomy support positively predicts
student mathematics achievement over time from the 4th grade to 6th grades.
Question 3: How do the covariates of student autonomy need satisfaction and engagement
predict the growth trajectory of mathematics achievement?
Hypothesis 3: It is hypothesized that both autonomy need satisfaction and classroom
engagement are significant predictors of the growth trajectory of mathematics achieve-
ment, and important results are expected among the different covariates, including the
different facets of engagement.

Methods

Data and participants

The data used for this study were collected as part of a large-scale educational assessment for
all schools in the Mentougou School District, which is located in the western area of Beijing.
The education quality of this district is considered to be in the middle level compared with all
districts in Beijing. Given that this assessment provides a comprehensive evaluation for the
local government, all students in 4th grade from 67 classes of all 25 elementary schools were
enrolled in the study, and no sampling techniques were employed. In the Chinese education
system, the fall semester usually starts at the beginning of September and ends in mid-January,
and the spring semester starts in the beginning of March and ends in the beginning of July. The
assessments were implemented four times between 2013 and 2016. In total, 1624 participants
(852 males and 772 females) were involved in the baseline data collection in October 2013
when they were in grade 4. Data were collected over four waves, with 10 to 12 months
between each wave. Therefore, the baseline assessment took place at the beginning of grade 4
(named T1); the second, third, and fourth assessments tracked the same group at the end of
grade 4, grade 5, and grade 6 (named T2, T3, and T4, respectively).

Given that the whole study lasted for approximately 3 years, the non-participation rate of
the participants varied across different time points. As shown in Table 1, the non-participation
rate was approximately 7% in the middle two waves, while the last wave, the rate increased to
13.4%. As explained by the school principals, some parents choose to send their children to
other school districts when they advanced to the 6th grade, with the aim being to enrol their
children in better middle schools. Hence, considering all four assessments, 287 cases were
missing from at least one measurement. The demographic data, social economic status (SES),
and gender of students who completed all four waves (n = 1337) were compared with those of
the students who were missing data from one or more waves (n = 287).When comparing the
proportion of male and female students in the two groups using chi-square, no significant

Table 1 Sample sizes of the four waves

Time 1 Time 2 Time 3 Time 4

Sample size 1624 1511 1501 1407
Missing rate (%) 0 (0%) 113 (6.9%) 123 (7.6%) 217 (13.4%)
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difference was noted. In addition, the mean scores of the students’ SES in the two groups were
analysed using a T test. The results of this test revealed that the cases with missing data had a
lower SES mean score than did those who participated in all four waves (t(1622) = 4.44, p
< .001, d = 0.87).

Measures

Participants were assessed at all four waves using a cognitive test and a non-academic
questionnaire at each assessment. Student mathematics achievement was measured via the
administration of a test, while background information and other variables of interest were
investigated through the questionnaire.

Student perceived autonomy support

Data regarding student perceived autonomy support across all four waves were collected as the
mean scores based on a six-item short version of the Learning Climate Questionnaire (LCQ;
Williams and Deci 1996), which has been widely used in classroom-based investigations of
autonomy support (Black and Deci 2000; Jang et al. 2009; Jang et al. 2012). Sample items
include, “I feel that my teacher provides me with choices and options”, “I feel understood by
my teacher”, and “My teacher encourages me to ask questions”. Scales ranged from 1
(strongly disagree) to 5 (strongly agree). In the present study, the instrument showed strong
reliability across the four time points. Specifically, Cronbach’s α is 0.892, 0.883, 0.936, and
0.946 at T1, T2, T3, and T4, respectively.

Autonomy need satisfaction

Student autonomy need satisfaction was measured at T1. The mean scores for this
variable were assessed by the following four items: “I can express my thoughts freely”,
“I have the opportunity to discuss with classmates”, “I feel relaxed”, and “I have the
opportunity to be myself”. The instrument showed strong reliability at 0.838. Previous
studies have found the English version of this measure produces scores with strong
psychometric properties and correlates highly with other measures of autonomy need
satisfaction (the perceived autonomy subscale was from the Basic Psychological Needs
Satisfaction Scale; Gagné 2003) (Hardré and Reeve 2003; Jang et al. 2009; Reeve et al.
2003; Reeve and Tseng 2011).

Classroom engagement

The study investigated student classroom engagement using the mean scores of 21 integrated
items. The result was a multidimensional construct composed of behavioural engagement (e.g.
“I can listen carefully in class” and “I can always come up with solutions when I meet
difficulties in my studies”), emotional engagement (e.g. “I often feel happy when I solve a
problem in my studies” and “I feel confident in my learning ability”), and cognitive engage-
ment (e.g. “I think it important to study hard” and “I always hope to acquire new knowledge”)
(Archambault et al. 2009; Fredricks and McColskey 2012; Shernoff 2013; Fredricks et al.
2004). This instrument was administered at T1 and showed reliability at each dimension with
Cronbach’s α scores of 0.836, 0.749, and 0.751, respectively.
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Mathematics achievement

Achievement tests were developed according to the mathematics curriculum standards issued
by the Ministry of Education of the People’s Republic of China. Students’ responses on each
mathematics examination were calibrated into a standard score to reflect their latent mathe-
matics ability by using a Rasch model (Rasch 1960) and partial credit model (PCM; Masters
1982) at each wave. By applying the equating techniques, students’ latent mathematics
capability at the four waves were aligned on the same scaled, thus ensuring that the students’
measured mathematics achievement scores across the four time points were comparable.

Data characteristics

The descriptive statistical characteristics are presented in Table 2, and the correlations among
perceived autonomy support, math achievement, classroom engagement, and autonomy need
satisfaction are presented in Table 7 of the Appendix. Of the 1624 participants involved in this
study, 52.5% were male and 47.5% are female. The students’ SES scores have a mean of 0.13
and a standard deviation of 2.20, which indicates that there was substantial individual
variability with respect to the SES. In addition, it is shown that there were a notable number
of valid values for the measures of cognitive engagement and perceived autonomy support at
T2 to T4 and for math achievement across all four waves. Given that the loss of participants
over the four waves is related to their SES scores, the data are not missing completely at
random (MCAR). Therefore, multiple imputation (MI) was used to hand calculate the missing
values, and the final results were obtained based on the scores of 5 imputations.

Table 2 Descriptive statistics

Variables Number Number (%) Original MI

Mean SD Mean SD

Gender 1624
1 =male 852 (52.5%)
2 = female 772 (47.5%)

SES 1624 0.13 2.20 / /
Classroom engagement
Behavioural engagement 1624 4.01 0.64 / /
Emotional engagement 1624 4.19 0.68 / /
Cognitive engagement 1623 4.53 0.64 4.53 0.64

Autonomy need satisfaction 1624 4.21 0.90 / /
Perceived autonomy support
T1 1624 4.27 0.84 / /
T2 1508 4.34 0.78 4.34 0.77
T3 1498 4.36 0.70 4.25 0.68
T4 1404 4.45 0.84 4.45 0.80

Math achievement
T1 1522 − 1.0 0.55 − 1.0 0.544
T2 1525 − 0.91 0.65 − 0.92 0.64
T3 1398 0.86 0.77 0.84 0.76
T4 1415 1.45 0.90 1.44 0.87

N is the number of valid values for a certain measure; Original is the original data with missing values;MI is the
integrated data complemented by mean scores of 5 imputations; “/” indicates that there are no missing data for
this variable
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As shown in Table 2, engagement, autonomy need satisfaction, and perceived autonomy
support across the four waves exhibited similar distributions. The mean scores for perceived
autonomy support gradually increased across the four waves, with the exception of T3. The
mean scores for student mathematics achievement across the four waves gradually increased,
as did the standard deviation. These findings indicate that student mathematics achievement
improved over time and exhibited larger variations among individuals.

Analysis

The LGCM describes the growth path of the dependent variable by the estimation of growth
factors, including an intercept that represents the initial value and a slope that represents the rate
of change over time. In this study, a nonlinear LGCMwas applied by freeing the loadings of the
slope at T2 and T3 in the estimations. The loadings of the slope at T1 and T4were fixed at 0 and
3, and the loadings of the intercept at T1 to T4 were fixed at 1. The three models were tested
using Mplus (Muthén and Muthén 2007), including an unconditional LGCM (model 1) that
identified the pattern of growth, an LGCM with only a time-varying covariate (model 2) that
explored the associations between perceived autonomy support and achievement over time, and
an LGCM with both time-invariant and time-varying covariates (model 3) that discussed their
influence on the estimate of growth factors. In both model 2 and model 3, both the time-varying
and invariant covariates are exogenous variables, thus set to be correlated with each other.

All analyses were conducted inMplus using anMLR estimator (Muthén andMuthén 2007).To
evaluate model fit, chi-square tests and goodness-of-fit indices, such as the comparative fit index
(CFI), the Tucker-Lewis index (TLI) (Bentler et al. 1980), root mean square error of approxima-
tion (RMSEA) (Browne and Cudeck 1993), and standardized root mean square residual (SRMR)
(Maydeu-Olivares et al. 2018), can be applied. For a good fit model, the values of the CFI and TLI
should exceed 0.95 (Hu and Bentler 1998), the RMSEA should be below 0.08 (Hooper et al.
2008), and the SRMR should be below 0.05 (Byrne 1998) for a model that fits well.

Results

Preliminary analyses

With respect to the nested structure of the data (students are nested in schools), hierarchical
linear modelling (HLM) was initially used to determine whether meaningful between-group
differences existed in the variations of the research variables, including the variables of
perceived autonomy support, math achievement, classroom engagement, and autonomy need
satisfaction across all measures. The interclass correlation coefficients (ICC) for all of the
measures were less than 0.10 with only one exception, i.e. math achievement at T3 (0.105)
(see Table 3). Given the slight interclass correlation, it is reasonable to consider that the
between-school effect has no significant impact on the subsequent analysis (Lee 2000).
Accordingly, a one level model was employed.

The unconditional LGCM

Based on the exploration of the unconditional free-loading LGCM (see Fig. 1), it was determined
that the nonlinear latent growth curve model exhibited a good model fit: χ2 =106.555, df = 3,
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CFI = 0.962, TLI = 0.925, RMSEA= 0.146, and SRMR= 0.081 (see Table 4), suggesting that
student mathematics achievement growth from T1 to T4 was not a linear trajectory. In this free-
loading LGCM, the first and the last slope factor loadings were fixed at 0 and 3, respectively,
while the second and the third loadings were estimated freely. The estimated loadings of T2 and
T3 on slopewere 0.13 and 2.27, respectively, and the estimated intervals were shorter than the real
implemented time spans between T1 and T2 and between T3 and T4. The final nonlinear growth
pattern verified the steep enhancement observed in the mean score changes from T2 to T3, as well
as a much smoother growth pattern in student mathematics achievement in the early period from
T1 to T2 compared with that from T3 to T4.

In the unconditional model, the mean of the intercept of the latent factors denoted the average
initial scores of student mathematics achievement, and the mean of the slope represented the
average growth over the time. As shown in Table 4, student mathematics achievement exhibited a
significant increase over time based on the average initial score of − 1.012. Furthermore, the
intercept variance was 0.202 (p < 0.001), suggesting that initial mathematics achievement varied

Table 3 ICC and design effect for all variables

Variable ICC Design effect Variable ICC Design effect

Math_T1 0.079 2.81 Per_T3 0.055 2.26
Math_T2 0.072 2.65 Per_T4 0.048 2.10
Math_T3 0.105 3.48 Enge_B 0.038 1.87
Math_T4 0.084 2.93 Enge_E 0.049 2.12
Per_T1 0.094 3.16 Enge_C 0.019 1.43
Per_T2 0.056 2.28 Auto_need 0.081 2.86

ICC was calculated based on the formula τ00=τ00þσ2 , where τoois the variation between groups and σ2 is the
variation within groups; Design effect was calculated based on the formula Deff = 1 + (m − 1)ρ, where m is the
observations in each cluster and ρ is the ICC

Per_T1 perceived autonomy support at T1, …, Math_T1 math achievement at T1, …, Enge_B behavioural
engagement, Enge_E emotional engagement, Enge_C cognitive engagement, Auto_need autonomy need
satisfaction

32.27

1

1 1

Intercept Slope

Math 
achievement 

at T1

Math 
achievement 

at T2

Math 
achievement 

at T3

Math 
achievement 

at T4

1 0.13
0

e1 e2 e3 e4

Fig. 1 Unconditional LGCM depicting nonlinear growth of math achievement overtime (model 1)
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significantly among individuals. Although the variance of the slope was quite small (δ2 = 0.012, p
< 0.001), it was significant, suggesting variability in individual trajectories across time. The
positive covariance between the intercept and slope (r = 0.037, p < 0.001) suggested that higher
initial scores in student mathematics achievement exhibited a steeper increase over time.

The LGCM with perceived autonomy support as time-varying covariates

To explore the association between student perceived autonomy support and their achievement
in mathematics in the four waves, the perceived autonomy support at the four time points was
incorporated into the nonlinear LGCM. Given that a nonlinear relationship had already been
identified and modelled in the first step, a nonlinear LGCM (model 2) of the mathematics
achievement trajectory over time with time-varying covariates is presented in Fig. 2. This
model produced very good fit indices: χ2 = 111.991, df = 15, CFI = 0.969, TLI = 0.955,
RMSEA= 0.063, and SRMR= 0.042 (see Table 5). The estimated loadings on slope at T2
and T3 were 0.66 and 2.41, respectively, which are similar to those in the unconditional model.

The four estimated path coefficients between perceived autonomy support and mathematics
achievement were significant at all four waves, suggesting a significant predictive relationship
with perceived autonomy support. However, the direction of the prediction varied over
different time points. Positive predictive relationships were observed at T1 (β = 0.044, p =
0.009), T3 (β = 0.056, p < 0.001), and T4 (β = 0.083, p < 0.001), which suggest that students
with higher scores on perceived autonomy support in mathematics demonstrated better
mathematics achievement. In contrast, a negative correlation between perceived autonomy
support and mathematics scores at T2 was revealed (β = − 0.065, p < 0.001), which indicated
that an increase in teacher autonomy support at the classroom was related to a decrease in
student mathematics achievement for grade 4 students at the end of a school year. Neverthe-
less, the growth factors showed a consistent trajectory for mathematics achievement when
compared with the unconditional model. It should be noted that, given that the time-varying
factor of perceived autonomy support was accounted for in the model, the growth factor

Table 4 Parameter estimates for unconditional LGCM of math achievement change over time (model 1)

Parameter Estimate S.E. Estimate/S.E.

Growth factor
Intercept mean − 1.013*** 0.013 − 77.92
Slope mean 0.818*** 0.006 136.33
Intercept variance 0.202*** 0.01 20.20
Slope variance 0.012*** 0.002 6.00
Intercept←→ slope covariance 0.037*** 0.003 12.33

Residual variance
Math achievement at T1 0.138*** 0.008 17.25
Math achievement at T2 0.145*** 0.007 20.71
Math achievement at T3 0.133*** 0.008 16.63
Math achievement at T4 0.245*** 0.014 17.50

R2

Math achievement at T1 0.594*** 0.020 29.70
Math achievement at T2 0.594*** 0.019 31.26
Math achievement at T3 0.763*** 0.014 54.50
Math achievement at T4 0.683*** 0.017 40.18

Model fit: χ2 = 106.555, df = 3, CFI = 0.962, TLI = 0.925, RMSEA= 0.146, SRMR= 0.081

***p < 0.001
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intercept and slope in model 2 actually capture the adjusted math achievement change after
controlling for the influences of perceived autonomy support at each time point.

The LGCM with both time-varying and time-invariant covariates

In the last step, time invariant covariates were added to the model, including gender, SES,
student classroom engagement (behavioural, emotional, and cognitive), and autonomy need
satisfaction, to explore their effects on the growth factors. The growth factors in model 3
describe the adjusted growth trajectory, which is the same as that of model 2. As depicted in
Fig. 3, both the adjusted intercept and the slope growth factors were regressions on the six-time
invariant covariates. Model 3 showed quite good fit indices: χ2 = 133.048, df = 27, CFI =
0.969, TLI = 0.948, RMSEA= 0.049, and SRMR= 0.023 (see Table 6).

The effects of students’ perceived autonomy support on mathematics achievement
corresponded with model 2 in all four waves. The results indicated that the background
variables were significantly related to the students’ initial level of mathematics achieve-
ment after controlling for the influences of perceived autonomy support but that they were
not significantly related with achievement change over time. The negative coefficient of
gender for intercept (β = − 0.149 , p < 0.001) suggested that, on average, boys
outperformed girls at the initial time point. The positive coefficient of SES (β = 0.034 ,
p < 0.001) meant that, on average, students with higher SES levels performed better in
mathematics at the initial time point. In addition, student autonomy need satisfaction in
math class could positively predict the adjusted change rate in mathematics achievement
(β = 0.023 , p = 0.001), although it has no significant effect on the prediction of initial
mathematics scores (β = − 0.025 , p = 0.145).
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Fig. 2 LGCM of the math achievement trajectory over time with time-varying predictors: perceived autonomy
support (model 2)
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The three facets of classroom engagement exhibited distinguished effects with
respect to the prediction of mathematics achievement growth factors when controlling
for perceived autonomy support. Specifically, behavioural engagement (β = 0.204 , p <
0.001) and emotional engagement (β = − 0.112 , p < 0.001) were significant predictors
of the intercept, while cognitive engagement was not (β = 0.032 , p = 0.207). This
result suggested that students with higher scores in behavioural engagement and lower
scores in emotional engagement exhibit better mathematics achievement scores at the
initial time point. Similarly, the association between each of the three facets of
engagement and mathematics achievement change rates (β = 0.033 , p = 0.005 for
behavioural engagement; β = − 0.041 , p < 0.001 for emotional engagement; β = −
0.001 , p = 0.929 for cognitive engagement) suggested that students with higher scores
in behavioural engagement and lower scores in emotional engagement were associated
with larger growth rates in mathematics achievement. Cognitive engagement, however,
had no significant effect on growth factors.

Discussion

This study examined the associations between students’ perceptions of teacher auton-
omy support and mathematics achievement in Chinese elementary schools based on
longitudinal data from four waves. Using latent growth curve modelling (Laursen and
Little 2012; Muthén 1991), the data from four different time points were successfully
modelled, and the changing trends in the relationship between these two core variables

Table 5 Parameter estimates for the LGCM of the math achievement trajectory over time with time-varying
predictors: perceived autonomy support (model 2)

Parameter Estimate S.E. Estimate/S.E.

Growth factors
Intercept mean − 1.137*** 0.050 − 22.74
Slope mean 0.723*** 0.033 21.91
Intercept variance 0.182*** 0.011 16.55
Slope variance 0.015*** 0.002 7.50
Intercept←→ slope covariance 0.035*** 0.003 11.67

Standardized path coefficients of time-varying covariates
Perceived autonomy support at T1 0.044** 0.017 2.59
Perceived autonomy support at T2 − 0.065** 0.017 − 3.82
Perceived autonomy support at T3 0.056** 0.014 4.00
Perceived autonomy support at T4 0.083*** 0.018 4.61

Residual variance
Math achievement at T1 0.132*** 0.009 14.67
Math achievement at T2 0.141*** 0.007 20.14
Math achievement at T3 0.131*** 0.008 16.38
Math achievement at T4 0.242*** 0.015 16.13

R2

Math achievement at T1 0.581*** 0.024 24.21
Math achievement at T2 0.625*** 0.017 36.76
Math achievement at T3 0.771*** 0.015 51.40
Math achievement at T4 0.687*** 0.018 38.17

Model fit: χ2 = 111.991, df = 15, CFI = 0.969, TLI = 0.955, RMSEA= 0.063, SRMR= 0.042

*p < 0.05; **p < 0.01; ***p < 0.001
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over 4 years were examined. In addition, the effect of time-invariant covariates on the
prediction of growth factors, i.e. intercept and slope of change, of mathematics
achievement was also evaluated (Grimm et al. 2013; Hancock and Choi 2006;
McArdle 2009; Meredith and Tisak 1990). The methodological improvement through
a longitudinal design assesses the variability of the predictive relationships between
autonomy support and student achievement over time and reduces the intra-individual
variation bias while the grade-adjusted individual variation remains at the same level
(Polyhart and Vandenberg 2010).

The growth trajectory of mathematics achievement

By using the LGCM with free-loaded slopes on time points, a nonlinear growth trajectory of
mathematic achievement for students from 4th to 6th grades was identified in this study.
Generally, student achievement in mathematics was improved as they advanced to the next
grade. This trend became particularly steep at the interval from the end of grade 4 to the end of
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grade 5, which implies that this is a critical period for learning performance growth of
elementary students in the Chinese education system. This finding can be attributed to the
perceived pressures by 5th-grade students related to entering key middle schools, and the 5th
and 6th grades are considered critical periods for the students to develop a sense of learning
objectives (e.g. Sun 2012). In addition to the intra-individual effects, the individual differences
in growth trajectory among students were determined to be statistically significant. More
succinctly, the individual students demonstrated significantly different growth rates over time
in mathematics achievement and in their initial mathematics scores. Furthermore, students with
higher initial scores on mathematics achievement assessments had steeper increasing trends
than those with lower initial scores.

Table 6 Parameter estimates for LGCM of the math achievement trajectory over time with both time-varying
and time-invariant covariates (model 3)

Parameter Estimate S.E. Estimate/S.E.

Growth factor
Intercept
Baseline − 1.364*** 0.100 −13.64
Gender − 0.149*** 0.025 −5.96
SES 0.034*** 0.006 5.67
Behavioural engagement 0.204*** 0.028 7.29
Emotional engagement − 0.112*** 0.026 −4.31
Cognitive engagement 0.032 0.026 1.23
Autonomy need satisfaction − 0.025 0.017 −1.47

Slope
Baseline 0.664*** 0.048 13.83
Gender 0.018 0.010 1.80
SES − 0.003 0.002 −1.50
Behavioural engagement 0.033** 0.010 3.30
Emotional engagement − 0.041*** 0.010 −4.10
Cognitive engagement − 0.001 0.010 −0.10
Autonomy need satisfaction 0.023*** 0.007 3.29

Intercept←→ slope covariance 0.033** 0.003 11.00
Standardized path coefficients of time-varying covariates
Perceived autonomy support at T1 0.063** 0.021 3.00
Perceived autonomy support at T2 − 0.068** 0.017 −4.00
Perceived autonomy support at T3 0.048* 0.014 3.43
Perceived autonomy support at T4 0.082*** 0.019 4.32

Residual variance
Math achievement at T1 0.128*** 0.009 14.22
Math achievement at T2 0.143*** 0.007 20.43
Math achievement at T3 0.128*** 0.008 16.00
Math achievement at T4 0.246*** 0.015 16.40
Intercept 0.158*** 0.010 15.80
Slope 0.015*** 0.002 7.50

R2

Math achievement at T1 0.587*** 0.024 24.46
Math achievement at T2 0.625*** 0.016 39.06
Math achievement at T3 0.776*** 0.015 51.73
Math achievement at T4 0.684*** 0.018 38.00
Intercept 0.123*** 0.020 6.15
Slope 0.062** 0.022 2.82

Model fit: χ2 = 133.048, df = 27, CFI = 0.969, TLI = 0.948, RMSEA = 0.049, SRMR= 0.023

*p < 0.05; **p < 0.01; ***p < 0.001
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The relationship between perceived autonomy support and achievement

The findings suggested that a positive relationship between students’ perceived autonomy
support from their mathematics teachers and their achievement in mathematics achievement
is a general trend across the four waves, with an exception at the second time point. However,
this exception did not deny the conclusion with respect to the positive influences of perceived
teachers’ autonomy support on achievement, as highly consistent results were reported at the
three other time points. It should be noted positive correlations between perceived autonomy
support and achievement scores were consistently found (see Table 3) at different time points,
including T2. Therefore, the growth model’s property should be considered as part of the
explanation for the regression coefficients between the outcome variables and the time-varying
covariates. When the average growth trajectory was evaluated, a portion of the variations in the
achievement indicators were explained by the growth factors. In other words, the negative value
estimated at T2 revealed a comparative relationship with respect to the general growth pattern.

Another trend from the current study that deserves discussion is the residual variances in
different grades. When perceived autonomy support was modelled as time-varying covariates,
the residual variances of outcome variables were reduced (expect for T4), suggesting that
perceived autonomy support in mathematics class helps to explain individual differences in
mathematics achievement for elementary students. However, the percentage of explained
residual variances was not consistent at the 4th, 5th, and 6th grades. Perceived autonomy
played stronger roles in explaining the individual differences at the first three time points
compared to the last time point. The results in this study are consistent with those of Carreira
et al. (2013), who found that perceived teacher autonomy support is more important in the
middle grades than it is in the higher grades with respect to the learning of English among
Japanese elementary school students. Furthermore, Jang et al. (2012) found unstable effects
over time regarding their three hypotheses for 8th-grade Korean students. Specifically, students’
grade change was found to be an important factor in predicting the effect of teacher autonomy
support on student learning performance and achievement. Accordingly, it was concluded that
increased attention should be paid to students in the higher grades when considering the
advantages of creating a learning environment that promotes student autonomy.

The predictors of growth factors

It has been argued that the way students perceive their learning environment influences their
learning. In other words, it is not the learning environment itself (e.g. Entwistle 1991). Students
who are satisfied with their teachers’ level of autonomy support perceive their engagement in
learning as a self-chosen act that reflects their own authentic needs and values (Stroet et al. 2013).
The general positive link between autonomy need satisfaction and student learning performance has
been replicated in a large number of correlational studies (e.g. Carreira and JunkoMatsuzaki 2012;
Carreira et al. 2013; Reeve et al. 2006). The current study further discovered that autonomy need
satisfaction at the initial point, rather than the average initial level, is the only significant predictor of
achievement growth rate. That is, students with higher psychological need satisfaction improved
their achievement more quickly, while there was no difference in the average initial scores when
compared with those who reported lower psychological need satisfaction. Therefore, a concordant
inference based on previous findings (Carreira and Junko Matsuzaki, 2012; Carreira et al. 2013;
Reeve et al. 2006; Jang et al. 2012) is that students’ satisfaction of autonomy need in the
mathematics class could also contribute positively to their achievement growth in the long term.
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In most of the previous studies, the positive relations between each of the three dimensions
of student engagement, i.e. behavioural, emotional, and cognitive, and perceived autonomy
support from teachers have been proven (e.g. Oga-Baldwin and Nakata 2015; Dupont et al.
2014; Hospel and Galand 2016). However, with respect to the effect on achievement, these
forms of engagement were often integrated into one factor that exhibited a positive association
with academic achievement (e.g. Jang et al. 2012; Oga-Baldwin et al. 2017). This article
investigated the associations between engagement and mathematics achievement growth based
on each of the three forms of engagement, and the results indicate that notable effects were
found among behavioural engagement, emotional engagement, and cognitive engagement. As
expected, positive behavioural engagement can predict faster mathematics achievement
growth, as well as a higher average initial level of achievement. Indeed, behavioural engage-
ment is the base of academic engagement that describes a process whereby students accom-
plish academic tasks, adhere to the disciplinary policies, and actively engage in the learning
activities (Fredricks et al. 2004). In addition, the effects of cognitive engagement on both the
intercept and slope of growth are not statistically significant when it is simultaneously
modelled with other covariates, such as behavioural engagement. Furthermore, it should be
noted that higher emotional engagement is related to slower growth in mathematics achieve-
ment, even when emotional engagement is modelled as a single form of engagement as in
model 3. The emotional and cognitive engagements are characterized by high involvement that
is closely associated with students’ inner psychological states (Fredricks et al. 2004), rather
than with the ability to act. However, given the exam oriented educational context, Chinese
students are used to academic overburden and are bound by many course principles (Tong
2014), which implies higher efficiency of action is required to manage classroom activities or
homework demands. The notable findings among emotional engagement, cognitive engage-
ment, and behavioural engagement were also discovered in the study conducted by Zhen et al.
(2018), another Chinese-based educational study.

Limitations and further research

Some limitations of the present study should be acknowledged. First, the data regarding the
rates of missing participants across four time points vary. Therefore, multiple imputations were
used to handle the missing data. Second, as this study focuses on the achievement in
mathematics, any generalizations of its findings to other subjects must be performed with
caution. Third, the nested nature of the data was not considered, and it is acknowledged that
the imbalanced development of education in Chinese schools is mainly due to school location,
e.g. eastern China, western China, and urban or rural areas. Since the samples used in this
study are from the same district, which is located in the rural area of western Beijing, it is
assumed that students from different schools in this area have no significant differences with
respect to the research question in this study. Further studies should be conducted using
multilevel modelling to contain the nested data structure. Finally, students’ perceived auton-
omy support was measured using the same questionnaire on four separate occasions. The test
for measurement invariance across time indicates that this instrument is invariant across time,
with the only exception being one item in year 2013. Hence, it could be considered as partially
invariant across time (Schimitt and Kuljanin 2008). Lai et al. (2018) determined that, from a
diagnostic perspective, partial invariance had a small impact on the efficiency of the items.
However, whether the partial invariance has a substantial practical impact on research findings
with respect to the purpose of prediction, as in this article, requires further study.
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