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ABSTRACT

This study investigates the causal effect of class size on student academic achievement in China’s compulsory ed-

ucation system, leveraging the institutional feature of randomized student assignment to establish a quasi-experimental

framework. Using nationally representative data from the China Education Panel Survey (CEPS) and applying a two-level

hierarchical linear model, the research effectively addresses endogeneity arising from non-random class allocation. Results

reveal that large classes exert a statistically significant and negative impact on students’ academic performance, even after

controlling for individual, family, and school-level characteristics. Specifically, moving from medium to large classes

reduces achievement by approximately 0.03 standard deviations—a magnitude comparable to the effect of parental educa-

tion. The analysis further identifies that class-size distribution is primarily determined by institutional and demographic

factors, such as urbanization, school ranking, and parental education levels, indicating both structural and demand-side

sources of educational inequality. Robustness checks confirm the linearity and stability of these findings. These findings

provide credible causal evidence that class size is not merely a contextual variable but a critical determinant of educational

outcomes and a key mechanism through which inequality is produced and mediated. The results carry substantial policy

implications for resource allocation and equity, particularly for large, rapidly developing economies grappling with intense

demographic pressure on their urban education systems.
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1. Introduction

Students, parents, and educational administrators

widely believe smaller classes are more conducive to ef-

fective learning. In a small-class setting, students tend to

receive more individualized attention, are more likely to be

remembered by their teachers, and feel more comfortable in

the classroom, which encourages them to ask questions and

participate in discussions. However, a critical question re-

mains: Does small-class instruction truly enhance academic

performance? Much empirical research in education eco-

nomics suggests that the answer is not always an intuitive

“yes.”

Class Size Reduction (CSR) has long been regarded

as a key measure for improving student achievement, with

decades of research and policy experimentation devoted to

the topic. Even today, CSR remains among the most debated

issues in global education research and reform [1]. Policymak-

ers worldwide have invested heavily in class-size reduction

(CSR) to enhance school effectiveness [2], yet its actual im-

pact remains a subject of intense debate [3].

From an economic perspective, the assumption that

“smaller is better” also raises practical policy dilemmas. Im-

plementing CSR is often among the most expensive educa-

tional interventions, requiring the construction of additional

classrooms and hiring extra teachers, thereby placing sub-

stantial pressure on public finances. Brewer, Krop, Gill, and

Reichardt [4] estimated that the annual operational costs of

nationwide CSR initiatives could range from approximately

2 billion to over 11 billion, with expenditures likely to in-

crease further alongside rising teacher salaries and related

expenses. Thus, decisions regarding class size involve edu-

cational effectiveness and significant economic trade-offs.

This study contributes to the international debate by

exploiting a unique institutional feature within China’s com-

pulsory education system: the nationwide policy of “random

student assignment”. In many Chinese middle schools, stu-

dents admitted under a “neighborhood enrollment” policy

are subsequently allocated to specific classes through a for-

mal, often computerized, random lottery. This institutional

practice creates a natural experiment. By identifying and

isolating a subsample of students subject to this random as-

signment process from a nationally representative dataset—

the China Education Panel Survey (CEPS)—we construct

a quasi-experimental design that effectively mitigates self-

selection bias.

This study addresses a question of global relevance:

What is the net causal effect of class size on student achieve-

ment in a context free from parental and student sorting?

Investigating this question within China offers a par-

ticularly valuable lens for several reasons. First, China’s

education system is characterized by exceptionally large av-

erage class sizes, providing a context to test the class-size

effect in a high-variation setting that is underrepresented in

the Western-centric literature. Second, the sheer scale of the

system means that even a modest effect size has profound

implications for the human capital development of a signifi-

cant portion of the world’s student population. Ultimately,

by examining the mechanisms that determine class size, we

gain insight into how educational inequality manifests in one

of the world’s largest and most rapidly urbanizing economies,

providing valuable lessons applicable to other developing

nations facing similar challenges of resource allocation and

demographic pressure.

This paper makes three distinct contributions to the

international literature. First, methodologically, it intro-

duces and validates a quasi-experimental approach based on

China’s random assignment policy, providing a new source

of credible causal evidence on the class size effect. Second,

empirically, it not only confirms a significant negative causal

effect of large classes but also contextualizes its magnitude:

the effect size is comparable to that of foundational socioe-

conomic variables, such as parental education, challenging

the recent narrative that class size is a second-order policy

lever. Third, theoretically, by analyzing the determinants of

class size, we illuminate the interplay between institutional

policies, school-level sorting, and educational inequality,

providing a richer model for understanding how resource

stratification occurs within schools.
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2. Literature Review

The relationship between class size and student achieve-

ment has long been the subject of intense scholarly debate.

The classroom learning environment is a critical factor influ-

encing secondary school students’academic achievement [5,6].

As learning occurs through interactions with teachers and

peers, the number of students in the classroom—namely,

class size—can fundamentally shape students’ gains from

learning activities. Although small-class instruction is widely

regarded as a reform measure that can improve learning out-

comes, empirical findings and theoretical interpretations vary

considerably, and no consensus has been reached. These di-

vergences are evident in the direction of the positive, adverse,

or nonsignificant effects, as well as in the research methods,

data sources, and explanatory mechanisms.

2.1. Positive Effects of Small Classes

A substantial body of research highlights the benefits

of small-class instruction in creating higher-quality learning

environments. Smaller classes increase teacher–student in-

teraction, facilitate delayed-recall learning, and foster critical

thinking [7]. Teachers in small classes are more likely to re-

member students’ names, strengthening students’ sense of re-

sponsibility and motivation [8]. Lippman [9] even argued that

class size and academic performance are significantly linked,

with smaller classes clearly more advantageous. Based on

a randomized design, evidence from the Tennessee STAR

project demonstrated improvements in mathematics and read-

ing outcomes in small elementary school classes [10]. Similar

conclusions were drawn from the UK CSPAR project and

quasi-experimental studies in Israel [11]. Further international

research reinforces these findings. European studies have

consistently shown a correlation between smaller class sizes

and improved student achievement. For instance, research

in France and Denmark identified a positive, albeit modest,

relationship between smaller classes and academic perfor-

mance. At the same time, Swedish experiments demonstrated

measurable improvements in mathematics and Swedish lan-

guage test scores due to reduced class sizes [12]. Danish in-

vestigations also indicated a more pronounced impact on

primary school students, with effects diminishing in higher

grades [13]. Furthermore, a meta-analysis of 77 studies by

Glass and Smith concluded that reducing class size has a

significant positive impact on student achievement. Such

empirical evidence has prompted policymakers worldwide

to increase educational funding to reduce class size, with

many countries promoting maximum class size legislation

and incentive policies [14].

2.2. Challenges to the Small-Class Hypothesis

However, not all studies support the assumption that

smaller classes are inherently better. In his systematic re-

views of the “education production function,” Hanushek

found that only 9 out of 112 studies showed significant pos-

itive effects, and some even suggested that larger classes

could be more beneficial [15]. Research in China also in-

dicates that larger classes positively correlate with student

performance in certain regions, a finding that contradicts

conventional intuition [16]. Similarly, other recent studies

suggest that an increase in class size does not always lead

to a reduction in students’ academic achievement [17,18]. The

Educational Research Service challenged the meta-analysis

of Glass and Smith, contending that their conclusions were

overly dependent on limited data sources and thus lacked

generalizability [19].

2.3. Insignificant and Nonlinear Effects

Some studies suggest that the relationship between

class size and achievement is statistically insignificant. In-

creasingly, scholars have noted that the relationship may

be nonlinear. Research by Borland et al. [20], Ding and

Lehrer [21], Angrist et al. [22], and Kedagni et al. [23] indicates

that huge and tiny classes can harm performance, suggesting

that the “optimal” class size may vary by student characteris-

tics and learning environments. Lazear [24] proposed that the

ideal class size depends on differences in student attentive-

ness, underscoring the context-specific nature of class-size

effects.

2.4. Mechanisms of Class-Size Effects

Scholars from various perspectives, including peer ef-

fects, teacher characteristics, and classroom interactions,

have primarily analyzed how class size influences student

achievement. A core mechanism is the provision of individu-

alized support. Given the diversity of learners, such support
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is crucial for effective learning [25], yet it becomes increas-

ingly challenging as class size grows. In a large classroom,

teachers can only provide timely and appropriate guidance

to a limited number of students, rather than monitoring each

individual’s progress [26].

This aligns with findings on classroom interaction:

Finn et al. found that smaller classes significantly increase

student engagement and participation [27]. Moreover, studies

show that smaller classes strengthen the positive peer effects

for lower-achieving students [28] and amplify the benefits

of highly educated teachers [29]. However, other research

suggests that teacher qualifications and class size may have

independent effects [30]. Seeing class size reduction as a

panacea oversimplifies the challenge; merely reducing class

sizes without adjusting instructional strategies may not lead

to the expected improvements in student learning.

Moreover, the effects of class size exhibit heterogene-

ity.

Acritical line of inquiry concerns the link between class

size and achievement gaps. Theoretical work suggests that

the benefits of smaller classes should be most pronounced

for groups that typically struggle in school [31]. Substantial

empirical evidence supports this idea, indicating that smaller

classes tend to yield greater advantages for primary school

students and disadvantaged groups [32,33]. Conversely, some

studies suggest larger classes may be more beneficial at the

high school level [34].

An important reason for these divergent and context-

dependent findings is methodological. Many studies may

suffer from omitted variable bias if they fail to control for

class composition, which is often correlated with class size.

For example, Dobbelsteen, Levin, andOosterbeek [35] demon-

strate that controlling for the number of peers with similar

IQs can significantly alter class size estimates. Similarly,

Boozer and Rouse emphasize the need to control for the

overall ’ability’ of the class [36]. In many Western contexts,

student placement into classes is not random due to school

choice and tracking systems, leading to systematic differ-

ences in student characteristics across class sizes [37].

In this regard, China’s compulsory education policy

offers a more substantial research advantage: the transi-

tion from primary to junior secondary school generally fol-

lows a non-selective, neighborhood-based enrollment sys-

tem, which enhances the credibility of research conclusions

compared with the “voting with their feet” school-choice

practices prevalent in Europe and the United States.

2.5. Summary and Research Gaps

Existing research reveals considerable disagreement re-

garding the extent to which class size influences student aca-

demic achievement. While some studies suggest that smaller

classes enhance learning under certain conditions, others find

positive associations between larger classes and achievement

or no significant effects. More recent evidence suggests that

the relationship is not linear but context-dependent, with

threshold effects that vary across educational stages, student

groups, and institutional environments. These divergences

reflect differences in research design and sample characteris-

tics, as well as a deeper theoretical debate over whether class

size represents a universally decisive factor or one whose

impact depends on specific contexts.

Despite decades of inquiry, current research faces no-

table limitations. First, ethical and data access constraints

have limited the use of experimental and quasi-experimental

designs, making it challenging to address endogeneity. Cru-

cially, even when such designs are used, their generaliz-

ability can be questioned. A significant challenge for non-

experimental studies is the endogeneity caused by omitted

variables, particularly the failure to account for class com-

position. Second, many studies rely on cross-sectional data,

which fail to capture dynamic learning processes; even lon-

gitudinal datasets, such as CEPS, have shortcomings, includ-

ing the absence of subject-specific achievement measures at

baseline. Third, as the literature suggests, the complex rela-

tionship between class size and student academic achieve-

ment remains largely unexplored. Relatively few studies

systematically examine the mechanisms linking class size to

outcomes, such as the interplay of student behavior, teacher

instructional adjustments, and school-level practices.

In sum, divergences in findings can be traced to at least

four sources: (1) identification strategies (cross-sectional

versus experimental or quasi-experimental designs); (2) mea-

surement issues (choice of achievement indicators and the

conflation of class size with student–teacher ratios); (3) sam-

ple differences (elementary versus secondary education, or

variation across countries and regions); and (4) institutional

heterogeneity (resource allocation, admission systems, and

parental school choice). Consequently, class-size effects will
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likely be complex and context-specific rather than universal.

Building on this literature, the present study extends

prior work by drawing on nationally representative CEPS

data, applying a multilevel modeling framework that ac-

counts for student, family, and school-level influences, and

explicitly analyzing class-size allocation mechanisms. The

data used in this study enable a more comprehensive descrip-

tion of classroom composition than some previous studies,

thereby addressing a key methodological concern. This ap-

proach provides more rigorous evidence on the relationship

between class size and academic achievement in the Chinese

context.

3. Model and Methodology

3.1. Operational Definition

Class size refers to the actual number of students in

each classroom. It is essential to distinguish between class

size and the student–teacher ratio. The latter is typically

calculated by dividing the total number of students by the

total number of teachers, but the two measures are not al-

ways equivalent in practice. For example, in a large class

with additional teaching assistants or extracurricular tutors,

the student–to–teacher ratio may appear low despite a large

class size. This study treats class size as the core analytical

concept rather than the student–teacher ratio.

3.2. Methodology

Regarding research methodology, Ordinary Least

Squares (OLS) regression is a widely used tool in educational

research, but it faces challenges when applied to hierarchi-

cally structured data. Students within the same class often

share learning environments and peer effects, while students

within the same school experience similar institutional prac-

tices and resources. As a result, their academic performances

are not independent observations, violating the assumptions

of OLS. Although clustered standard errors can somewhat

mitigate bias, OLS cannot adequately capture the multi-level

dependencies inherent in educational data. If OLS is applied

inappropriately, it may underestimate standard errors, over-

state statistical significance, and even produce misleading

conclusions.

Hierarchical Linear Modeling (HLM) offers clear ad-

vantages in this context. It allows the partitioning of vari-

ance into within-school and between-school components,

thereby explicitly accounting for the nested structure of stu-

dents within classes and schools. By permitting intercepts to

vary across schools, HLM captures unobserved heterogene-

ity in baseline achievement levels, while still estimating the

fixed effects of explanatory variables. This design reduces

bias and provides more precise estimates of the independent

effect of class size on student outcomes. Moreover, HLM

allows for testing cross-level interactions, such as whether

the impact of parental education differs between key and

non-key schools.

To further mitigate bias from sample self-selection, the

analysis restricts the sample to schools that adopt random

class-assignment procedures. This ensures that high-ability

students are not disproportionately concentrated in smaller

classes, thereby improving the representativeness and valid-

ity of the results.

3.3. Data Source

This study draws on two waves of the China Educa-

tion Panel Survey (CEPS), designed and implemented by

the China Survey and Data Center at Renmin University of

China. The baseline survey was conducted in the 2013–2014

academic year and included two cohorts: seventh and ninth

graders. The follow-up survey conducted in 2014–2015

successfully tracked the whole baseline cohort of seventh

graders, with 9449 students retained, resulting in a follow-up

rate of 91.9%. CEPS provides comprehensive data, including

cognitive ability tests, personality assessments, and detailed

information on students’ personal, family, classroom, and

school backgrounds. Notably, the dataset offers precise mea-

sures of class size.

3.4. Model Specification

Based on the educational production function, student

performance is jointly determined by factors such as students,

families, teachers, and schools. The model is as follows:

Yij = f(Iij , Fij , Sij , Bij)

Consider a linear model:

Y = θI + ϑF + µS + ρB + ε
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Y represents the student’s academic performance, and

F represents their individual characteristics, F represents the

student’s family background characteristics, S represents the

characteristics of the school, B represents the class size, and

ε is the random interference term.

The structure of observational data inherently exhibits

hierarchical characteristics: individual students are nested

within classes, and classes are nested within schools. This

means that students within the same school may show a

stronger correlation in academic performance than students

from different schools. Therefore, individual-level variables

(such as personal effort) are influenced by school-level vari-

ables (such as teaching resources and school atmosphere).

Under this data structure, the observed sample no longer sat-

isfies the basic assumptions of “independent and identically

distributed” and “constant variance” required by the classical

linear regression model. Forcing the use of Ordinary Least

Squares (OLS) would lead to biased parameter estimates and

incorrect statistical inferences.

Given that the sample data in this study only includes

one or two classes from each school, constructing a complete

three-level model (student, class, and school) lacks sufficient

variation at the class level, making it inappropriate. Thus,

this study adopts a two-level random intercept model (Two-

Level Random Intercept Model). Specifically, student-level

and family characteristic variables are placed at the first level

(student level), and school characteristic variables (includ-

ing the key explanatory variable “class size”) are placed at

the second level (school level). The model assumes that

the effect of class size on student scores is constant across

different schools (i.e., a fixed slope), but allows for random

variation of student average scores between schools (i.e.,

random intercepts).

In educational research, it is reasonable to assume that

students within the same school share a standard baseline

achievement level due to similar teaching philosophies, in-

stitutional resources, and peer environments. A random-

intercept specification allows the intercept to vary across

schools, thereby capturing unobserved heterogeneity at the

school level. This means that each school can have its starting

point (baseline achievement), while the slopes of explana-

tory variables remain fixed across schools. Compared with a

simple OLS model, this approach avoids conflating school-

level differences with individual-level effects, reduces bias

in coefficient estimates, and provides more accurate standard

errors. Furthermore, the random-intercept model allows us

to partition variance into within-school and between-school

components, which is essential for understanding how much

of the outcome variation is attributable to differences among

schools versus individual students.

The specific form of the hierarchical econometric

model is as follows:

Level 1 (Student level):

Yij = u01 + u1jIij + u2jFij + εij

Here, Yij represents the average standardized score

across three subjects (Chinese, mathematics, and English)

for student i in school j. To address subject-level score dis-

parities, individual subject scores were standardized and then

averaged.

• Iij : student-level variables (gender, age, baseline cog-

nitive ability score).

• Fij : family-level variables (parents’ highest level of

education and occupational status).

Level 2 (School level):

u01 = λ00 + λ01Sj + λ02Bj + θ0j

• Sij : school-level variables, including public/private sta-

tus, urban location, and designation as a “key school.”

• Bij : class-size categories, measured with dummy vari-

ables (small class = fewer than 35 students; medium

class = 36–45 students; large class = more than 45 stu-

dents).

This study’s definition of class size integrates interna-

tional experience with national policy standards. Internation-

ally, data from OECD countries’ PISA surveys show that

class sizes are generally smaller than 35 students. However,

in the context of China, policy documents serve as a more

critical reference. On one hand, current construction stan-

dards set the upper limit for junior high school class size at

50 students; on the other hand, policies such as the Opinions

on Building a Quality and Balanced Public Education Ser-

vice System aim to reduce the average class size for junior

high schools to below 40 students by 2027, while eliminating

“overlarge classes” of more than 46 students.

Considering the above standards and policy trends, this

study divides class size into three categories:
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1. Small classes (≤35 students), based on international

practices and China’s long-term education develop-

ment goals;

2. Medium classes (36-45 students), covering the range

from the current typical class size to the national thresh-

old for “overlarge classes”;

3. Large classes (>45 students), directly corresponding

to the “overlarge class” phenomenon that needs to be

addressed according to policy documents.

This classification aligns with the evolution of China’s

educational policies and provides clear operational defini-

tions for empirical analysis.

3.5. Data Processing

To ensure the unbiasedness and consistency of the

model estimates, this study implemented stringent measures

during the data processing phase to address potential endo-

geneity issues, particularly the self-selection bias caused by

non-random groupings.

The core endogeneity challenge stems from the fact

that students are not randomly assigned to different classes.

Suppose schools assign students to classes based on their

entrance scores or other potential abilities. In that case, high-

achieving students may systematically end up in specific

classes (e.g., honor classes), which may also have better

teacher resources (such as higher academic qualifications).

This non-random allocation results in a correlation between

teachers’ educational qualifications and students’ abilities (a

critical omitted variable), leading to biased estimates of the

impact of teacher qualifications on student outcomes.

To overcome this self-selection issue, the study utilized

information from the China Education Panel Survey (CEPS)

questionnaire to select a sample that approximates a “quasi-

random experiment carefully.” The selection criteria were as

follows:

School Level:

In the school leadership questionnaire, we retained

schools that met the following two conditions:

1. The school used “random or even distribution” as the

criterion for class assignment.

2. After entering the eighth grade (or ninth grade), the

school “did not” reassign students to new classes.

Class Level:

In the class teacher questionnaire, we further filtered the

sample, retaining only those classes where the class teacher

explicitly answered that the class was “not” assigned based

on overall grades or subject-specific performance.

Through this rigorous screening process, we obtained

a subsample in which the class assignment closely resem-

bled random allocation. This significantly weakened the

systematic relationship between student abilities and class

characteristics (such as teacher qualifications), effectively

controlling for self-selection bias due to non-random class

assignment, thus providing a more reliable data foundation

for subsequent causal inference.

Additionally, to ensure the comparability of academic

performance across different schools and years, this study

adopted the basic idea of the Analysis of Covariance (AN-

COVA) model. We standardized all students’ seventh and

eighth-grade scores within their respective “school-grade”

dimensions, adjusting them to a uniform scale with a mean

of 70 and a standard deviation of 10 (T-score). This approach

not only standardized the measurements but also enabled the

model to estimate the net effects between variables more

accurately.

3.6. Variables

This study incorporates variables at three analytical

levels—student, family, and school —to estimate the effects

of class size on student academic achievement. The opera-

tionalization of these variables is based on theoretical consid-

erations and the availability of data in the CEPS dataset. The

detailed operational definitions and measurement indicators

for all variables are presented in Table 1.

At the student level, the analysis includes gender, age,

and baseline cognitive ability scores. Gender is coded as a

binary variable (female = 1, male = 0). Age is the difference

between the survey year and birth year, serving as a proxy for

potential grade repetition or early/late school entry. Baseline

cognitive ability is measured using standardized test scores

provided by CEPS, which capture students’ foundational

cognitive skills before subsequent achievement gains. These

variables are necessary to account for individual heterogene-

ity in academic outcomes.
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Table 1. Variable Description.

VARIABLE DEFINITION/NOTES

STUDENT-LEVEL

GENDER Female = 1, Male = 0

AGE Calculated as survey year minus birth year

BASELINE COGNITION Standardized cognitive ability score

FAMILY-LEVEL

PARENTS’ EDUCATION Graduate and above = 3; Bachelor = 2; High school/vocational = 1; Other = 0

PARENTS’OCCUPATION Occupational status index as proxy for social capital (ranging from 0 to 4)

SCHOOL-LEVEL

PUBLIC SCHOOL Yes = 1, No = 0

URBAN SCHOOL Yes = 1, No = 0

SCHOOLRANKING “Best/Above average” = 2; “Average” = 1; “Below average/Worst” = 0

CLASS SIZE Large = 3; Medium = 2; Small = 1

Note: Occupations in CEPS are coded initially into 12 categories. The classification above is a simplified scheme. Class size is categorized as: small (<35), medium (36–45),

and large (>45).

At the family level, two indicators are used: parents’

highest educational attainment and parents’ occupational

status. Parental education is measured categorically (grad-

uate and above = 3; bachelor’s degree = 2; high school or

vocational = 1; other = 0). This measure reflects families’

educational capital, which has consistently been shown to

be one of the strongest predictors of children’s academic

performance. Parents’ occupational status is coded accord-

ing to CEPS occupational classifications and transformed

into a simplified index ranging from 0 to 4. This serves as a

proxy for social and cultural capital, capturing families’ so-

cial status and access to resources. While household income

is often used in similar studies, CEPS provides more reliable

measures of parental education and occupation than income

data, which are frequently incomplete or unreliable.

At the school level, variables include school type (pub-

lic vs. private), urban vs. rural location, and school ranking

(categorized as “best/above average,” “average,” and “be-

low average/worst”). These variables capture institutional

contexts that may shape student outcomes independently of

class size. Class size is categorized into three groups: small

(<35 students), medium (36–45 students), and large (>45

students). This categorical classification enables compar-

isons across different thresholds, while robustness checks

also employ class size as a continuous variable.

Thismulti-level variable design ensures that the analysis

adequately controls student heterogeneity, family background,

and school-level institutional characteristics. By separating

effects at different levels, the study aims to provide a more

precise estimate of the independent role of class size.

3.7. Descriptive Statistics

Class-size categories present descriptive statistics to

provide an initial overview of the data. Table 2 summarizes

student-level characteristics across small, medium, and large

classes, while Table 3 presents the distributions of family

backgrounds.

Table 2 shows that large classes are the most prevalent

in the sample (60.5%), particularly in urban and key schools.

Interestingly, students in large courses record lower aver-

age achievement scores (0.644) than those in small (0.669)

or medium classes (0.664), despite having higher baseline

cognitive scores (0.403 vs. 0.343 in small classes). This

suggests that performance differences cannot be attributed

solely to student ability but may reflect the constraints of

oversized classrooms on learning.

Table 3 highlights patterns of family background across

class sizes. Parents with higher educational attainment and

occupational status are overrepresented in small and large

classes, while students from “average” families tend to be

concentrated in medium-sized classes. This dual distribution

suggests two distinct mechanisms: small-class enrollment

reflects parental preference and ability to access favorable

educational environments. In contrast, large-class enroll-

ment is often driven by supply-side constraints in urban key

schools where demand far exceeds capacity.
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Table 2. Descriptive Statistics of Class Size Groups.

Indicator Small Class Medium Class Large Class

Mean score 0.6692 0.6635 0.6438

Female ratio 0.4837 0.4854 0.4793

Age 14.49 14.51 14.51

Baseline score 0.3425 0.2202 0.4027

Public school 0.9453 0.9428 0.9366

Urban school 0.4775 0.4251 0.7082

Key school 0.6505 0.6363 0.8981

Size 932 2274 4912

Table 3. Family Background by Class Size.

Variable Small Medium Large

Parents’ occupation

0 0.0343 0.0387 0.0370

1 0.4613 0.4262 0.4458

2 0.2854 0.3459 0.2792

3 0.0531 0.0497 0.0628

4 0.1659 0.1395 0.1785

Parents’ education

0 0.4884 0.5027 0.4592

1 0.3429 0.3956 0.3851

2 0.1433 0.0852 0.1382

3 0.0254 0.0164 0.0175

Together, these descriptive findings illustrate that class

size is not randomly assigned. Instead, it is shaped by insti-

tutional arrangements (urbanization, school ranking, key

school concentration) and family resources (particularly

parental education). This non-random distribution under-

scores the need for multilevel modeling, as simple compar-

isons of average outcomes could conflate individual, family,

and institutional influences with the actual effect of class size.

4. Empirical Results

4.1. Baseline Regression: Two-Level Hierarchi-

cal Random-Intercept Model

The baseline regression reveals that large classes have

a negative impact on student achievement, even after con-

trolling for a comprehensive set of individual, family, and

school-level factors. As shown in Table 4, this finding is

consistent with descriptive statistics and suggests that class

size exerts an independent and adverse effect on academic

performance.

At the individual level, girls outperform boys on aver-

age, consistent with prior evidence of gender gaps in early

adolescence. Older students tend to perform less well, which

may reflect difficulties in adapting academically or the im-

pact of grade repetition. Strong positive effects of base-

line cognitive ability confirm the cumulative nature of aca-

demic skills.

Table 4. Baseline Regression of Class Size and Average Student

Performance.

Variable Coefficient

Class size −0.0310***

(−4.11)

Gender 0.0633***

(22.84)

Age −0.00687**

(−2.97)

Baseline cognitive score 0.115***

(55.39)

Parents’ occupational status 0.00147

(1.00)

Parents’ education level 0.0130***

(5.31)

School ranking 0.0376***

(4.33)

School location (urban) 0.0319**

(2.72)

School type (public) 0.0709**

(2.85)

N 7013

Note: The values in parentheses represent the standard errors, with * indicating p <

0.1, ** indicating p < 0.05, and *** indicating p < 0.01.
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At the family level, parental education exerts a signifi-

cant positive influence, while parental occupational status

does not. This suggests that educational attainment captures

a family’s ability to provide learning support and navigate

the school system more directly than occupational prestige.

At the school level, higher rankings, urban locations,

and public-school status are positively associated with

achievement, highlighting the role of institutional quality

and resource allocation.

In terms of effect size, the coefficient of class size

(−0.031) implies that moving from a medium-sized class to a

large class corresponds to a decrease of about 0.03 standard

deviations in achievement. While this effect may appear

modest, it is comparable to the impact of parental education

(0.013) and school ranking (0.038), and about half the mag-

nitude of the gender gap (0.063). These comparisons show

that class size reduction can yield improvements in academic

achievement of a similar order to widely recognized deter-

minants, making it a non-negligible factor in educational

outcomes.

Moreover, the baseline regression results suggest poten-

tial heterogeneity in the effects of class size. Smaller classes

may benefit disadvantaged students or those with lower base-

line abilities. In contrast, the negative consequences of large

classes may be partially offset in key schools where student

selection, better teachers, and stronger institutional resources

compensate for scale disadvantages. While these nuances

are not directly captured in the present model, they point to

important directions for future research.

4.2. Multinomial Logistic Regression on Class-

Size Choice

The multinomial logistic regression highlights the de-

terminants of class-size allocation. As shown in Table 5,

the results indicate that school-level factors are the most sig-

nificant. Urban schools and schools with higher rankings

are significantly more likely to operate large classes, sharply

reducing the probability that students in these contexts are

placed in small or medium-sized classes. This reflects the

supply-side pressures of concentrated demand in high-quality

schools, particularly in urban areas, where enrollment pres-

sure drives oversized classrooms.

Table 5. Determinants of Class-Size Allocation (Baseline: Large Class).

Variable Small vs. Large Medium vs. Large

School type 0.235

(1.40)

0.234

(1.95)

School ranking −1.153***

(−18.85)

−0.760***

(−14.56)

School location (urban) −0.917***

(-10.89)

−1.136***

(−18.70)

Parents’ occupation −0.00365

(−0.09)

0.0487

(1.67)

Parents’ education 0.354***

(5.78)

0.134**

(2.93)

Note: The values in parentheses represent the standard errors, with * indicating p < 0.1, ** indicating p < 0.05, and *** indicating p < 0.01.

At the family level, parental education significantly

increases the likelihood that children are assigned to small

or medium-sized classes, suggesting that educational attain-

ment equips families with both the awareness and the strate-

gies to secure access to preferred learning environments. By

contrast, parental occupation is not statistically significant,

indicating that occupational prestige does not necessarily

translate into educational advantage in the Chinese context.

This distinction highlights the significance of cultural and

educational capital in shaping school-choice outcomes, sur-

passing the influence of purely economic or occupational

status.

Taken together, these results point to a dual mech-

anism of class-size formation. On the one hand, institu-

tional arrangements—particularly in urban and key schools—

structurally generate large classes, regardless of individual

family demand. On the other hand, families with higher edu-

cational attainment are more likely to navigate the system

successfully to secure smaller classes for their children. This

dual process creates a layered inequality: students in key
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schools benefit from superior resources despite being in large

classes, while students from well-educated families are more

likely to gain the advantages of small classes.

4.3. Robustness Checks

Two robustness checks were conducted: (1) replacing

class-size dummies with actual class size (continuous val-

ues), and (2) including a squared term for class size to test

for nonlinearity.

The rationale for these robustness checks is twofold.

First, by replacing dummy variables with a continuous mea-

sure of class size, we can verify whether the negative asso-

ciation observed in the baseline regression is an artifact of

categorization or a consistent linear relationship. Second,

by introducing a squared term for class size, we test for the

possibility of nonlinear effects, as some international stud-

ies have suggested the presence of threshold effects—where

both extremely large and extremely small classes might harm

learning outcomes. As reported in Table 6, both robustness

checks yield results that reaffirm the main findings.

Table 6. Robustness Tests.

Model (1) Baseline (2) Class Size (Continuous) (3) Squared Term (4) Combined Model

Class size dummy −0.0310***

(−4.11)

Class size (cont.) −0.0023***

(−4.74)

−0.0002

(−0.07)

Class size squared −0.00002***

(−4.77)

−0.0002

(−0.85)

Note: The values in parentheses represent the standard errors, with * indicating p < 0.1, ** indicating p < 0.05, and *** indicating p < 0.01.

The results confirm the robustness of the baseline find-

ings. When actual class size (continuous) is used in place

of dummy variables, the adverse effect remains statistically

significant (−0.0023, p < 0.01), indicating that the adverse

impact is not sensitive to the method of measuring class

size. This reinforces the conclusion that larger classes are

consistently associated with lower academic performance.

The squared term analysis further suggests that nonlin-

earity may exist when considered in isolation: the negative

and significant coefficient (−0.00002, p < 0.01) indicates

that the detrimental effect of class size may accelerate as

classes grow larger. However, neither remains substantial

when the linear and squared terms are included simultane-

ously (Model 4). This implies that the relationship between

class size and achievement is best characterized as approxi-

mately linear within the observed range in the Chinese junior

middle school context. Unlike some cross-national studies

based on PISA data, which report U-shaped or threshold

effects, our findings suggest that the main problem lies in

oversized classes rather than nonlinear trade-offs across the

entire distribution.

Taken together, these robustness checks strengthen

confidence in the baseline results. The negative impact of

large classes is not an artifact of variable specification, nor

is it driven by nonlinear patterns that would call for more

nuanced interpretation. Instead, the evidence indicates that

reducing oversized classes should be a clear policy priority,

especially in urban and key schools where class sizes are

most inflated.

5. Discussion

Our analysis, based on a quasi-experimental design

using CEPS data, yields two primary findings. First, after

mitigating selection bias through a “random assignment”

subsample, we identify a statistically significant and sub-

stantively meaningful negative causal effect of large class

sizes on junior middle school student achievement. Second,

this effect appears to be essentially linear, with no evidence

of a stable nonlinear relationship. These results, however,

enter a crowded and contentious field of international re-

search, demanding a nuanced interpretation. We organize

our discussion around three key questions: (1) How do our

findings reconcile with the “near-zero effect” conclusion of

recent meta-analyses? (2) What unique mechanisms within

the Chinese context explain our results? (3) What are the

broader theoretical implications for understanding educa-

tional inequality?
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5.1. Reconciling a Significant Effect with the

“Near-Zero” Consensus

A central challenge to our findings comes from recent,

comprehensive meta-analyses, most notably Opatrny [38].

Their synthesis of over 1700 estimates, after correcting for

publication bias and model uncertainty, concluded that the

average effect of class size is “virtually zero” across all iden-

tification strategies, with the Tennessee STAR experiment

standing as a rare exception. Why, then, does our study detect

a significant negative effect? We propose three complemen-

tary explanations.

First, and most critically, is the substantive magnitude

of the effect in context. While the estimated coefficient may

appear modest in absolute terms (a decrease of ~0.03 stan-

dard deviations in achievement when transitioning to a large

class), its significance becomes striking when benchmarked

against other variables. Our models show that the negative

impact of being in a large class is comparable in magnitude to

the positive impact of having a parent with a college degree

versus a high school diploma. This is a powerful finding.

While ameta-analysis averages effects to near-zero, our study

demonstrates that in a real-world policy setting, class size

can be as influential as one of the most widely recognized

determinants of student success—parental socioeconomic

status. This reframes the debate: class size is not a trivial or

secondary variable, but a core structural factor in educational

production.

Second, our study’s quasi-experimental design, leverag-

ing institutionalized random assignment, offers a high degree

of internal validity. It is plausible that the “true” effect is non-

zero, but that its signal is diluted by the noise from less robust

identification strategies in the literature. Our study, therefore,

contributes a high-quality data point from a non-Western con-

text that supports the conclusion that when selection bias is

credibly addressed, a significant effect emerges.

Third, context specificity matters. The meta-analysis

averages effects across different countries, educational

stages, and baseline class sizes. Our study focuses on junior

middle schools in China, a system characterized by excep-

tionally large baseline class sizes. It is highly plausible that

the marginal effect of adding a student is non-constant; the

negative impact may only become pronounced after a certain

threshold is crossed, a threshold that is routinely exceeded in

the Chinese context but perhaps not in manyWestern systems

from which a large portion of the literature is drawn.

5.2. Heterogeneity and Compensatory Mecha-

nisms in the Chinese Context

A deeper look into our data reveals a crucial paradox:

China’s elite “key schools” often have larger classes yet main-

tain high academic outcomes. This suggests the presence of

powerful countervailing mechanisms, which help to explain

why the negative effects of large classes are not uniformly

devastating across the board. Our findings highlight a critical

source of heterogeneity: the negative impact of large class

sizes is likely most pronounced for students in non-selective,

resource-deprived schools.

Elite schools appear to “compensate” for the disad-

vantages of large classes through several channels. First,

their selective admission policies create a homogenous stu-

dent body of high-achieving, highly motivated individuals,

which mitigates classroom management challenges and facil-

itates a faster instructional pace. Second, these schools often

implement institutional-level strategies such as extending

official instructional time and fostering a culture of intensive

“shadow education” (after-school tutoring). Third, and per-

haps most importantly, they attract and retain higher-quality

teachers by offering better salaries, prestige, and opportuni-

ties for career advancement. These combined factors create

an enriched educational ecosystem that can partially mitigate

the negative consequences of overcrowding for students.

This implies a significant and previously underexplored

equity dimension. For students in ordinary, non-selective

schools who lack access to these compensatory resources,

the burden of being in a large class likely falls much harder.

Therefore, a uniform policy of merely tolerating large classes,

based on an assumption of zero effect, would disproportion-

ately harm the most vulnerable student populations. Our

research suggests that future studies should explicitly model

this heterogeneity, examining the interaction between class

size and school-level resources.

5.3. Theoretical Implications for Educational

Stratification

Finally, our analysis of the determinants of class size

reveals how it functions as a mechanism of educational strat-

ification. We found that higher parental education is associ-
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ated with a greater likelihood of securing a spot in a smaller

class. This suggests that even within a system of ostensibly

“random” assignment, advantaged families find ways to nav-

igate the system to their benefit, possibly through residential

choices or informal influence.

Simultaneously, the concentration of large classes in ur-

ban and key schools points to a structural form of inequality.

These institutions, magnets for population and ambition, be-

come victims of their own success, leading to overcrowding

that taxes their resources. The result is a complex, multi-

layered system of stratification where class size is both a

cause and a consequence of inequality. It is a direct disad-

vantage for those within it, a problem that elite schools must

actively compensate for, and an outcome of parental ma-

neuvering and regional resource imbalances. This enriches

the classic models of educational stratification by introduc-

ing class size as a key mediating variable between family

background, school type, and student achievement.

6. Conclusions

6.1. Main Findings

Using data from the China Education Panel Survey

(CEPS) and a two-level hierarchical random-intercept model,

this study systematically examined the effects of class size

on student achievement. The results demonstrate that large

classes have a significantly negative impact on student perfor-

mance, and this effect remains robust even after controlling

for individual, family, and school characteristics. Although

the estimated effect size is moderate (a reduction of about

0.03 standard deviations when moving from medium to large

classes), it is comparable to the impact of parental education,

a widely recognized determinant of academic success. This

highlights that class size is not a trivial factor but one with

meaningful consequences for student achievement.

The distribution of class sizes is primarily shaped by

school-level supply mechanisms—urban and key schools are

more likely to operate with large classes—while parental ed-

ucation, particularly parents’ educational attainment, signifi-

cantly increases the likelihood that children will be enrolled

in small or medium-sized classes. Furthermore, institutional

advantages in key schools, such as selective admissions,

stronger teacher resources, and extended instructional hours,

can partially mitigate the disadvantages of large class sizes.

Finally, evidence suggests that the class size effect may vary

by educational stage, with lower-grade students likely to ben-

efit more from small class sizes. In contrast, due to greater

autonomy and differentiated learning strategies, older stu-

dents may exhibit lower sensitivity to feedback.

6.2. Policy Implications

Based on the above findings, the focus of policy should

shift from broad calls to evidence-based, precise interven-

tions. First, given the substantial negative impact of large

class sizes, policymakers should elevate “reducing large class

sizes” from a routine task to a core strategic agenda in the

allocation of educational resources. This means that when

formulating fiscal budgets and development plans, priority

must be given to funding for the construction of new schools,

as well as the expansion and renovation of existing ones.

Additionally, a dynamic teacher allocation mechanism that

aligns with changes in school-age populations should be es-

tablished to address the supply and demand imbalance of

“personnel” and “spaces” at the root.

Second, in response to the structural imbalance in class

size distribution, resource allocation should move away from

a “one-size-fits-all” approach and towards differentiated, tar-

geted “gap-filling.” Through measures such as fiscal trans-

fers, priority should be given to urban areas with a shortage

of school places and regions with high population inflows.

Simultaneously, by promoting measures such as the “unified

district system” and “teacher rotation,” high-quality educa-

tional resources can be more easily shared between schools,

thereby alleviating the siphoning effect of key schools and

the associated issue of large class sizes.

Furthermore, the grade-level differences in the class

size effect at the junior secondary stage provide a clear win-

dow for optimizing resource allocation. Under conditions of

limited resources, an internal differentiated resource alloca-

tion strategy should be implemented, guiding schools to pri-

oritize smaller class sizes for the first year of junior secondary

school, providing students with a supportive “soft landing”

environment during this key transitional period. Schools can

explore “dynamic class size” management, where class sizes

are strictly controlled in the lower grades and moderately

relaxed in the higher grades. Spare teaching resources can

be utilized for tiered instruction and personalized tutoring to

optimize resource utilization.
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Ultimately, the policy’s goal should be to shift from

“controlling class size” to “enhancing classroom quality.”

This requires a “dual-track strategy combining both hard

and soft measures”: on one hand, continue to reduce phys-

ical class sizes through hardware investment, while on the

other, increase investment in teachers as the core resource,

including providing targeted pedagogical training and op-

timizing salary and incentive systems. For schools where

reducing class sizes is challenging in the short term, resources

should be focused on enhancing teachers’ classroom man-

agement efficiency and teaching innovation capabilities. By

establishing evidence-based decision-making and evalua-

tion mechanisms, policymakers can continuously optimize

resource allocation, ultimately driving China’s education re-

form towards a profound transformation from external scale

improvements to internal quality enhancements.

6.3. Limitations and Future Directions

Despite offering new empirical evidence on the rela-

tionship between class size and academic achievement, this

study has several limitations. First, the generalizability of our

findings is limited because our predominantly urban sample

differs from rural schools, where infrastructure factors often

influence class size. Consequently, we urge caution in extrap-

olating our results and emphasize the need for future research

in rural contexts to achieve a comprehensive national pic-

ture. Second, the data, drawn primarily from public schools

during the 2014–2015 academic year, underrepresent private

schools and limit the temporal scope of the findings. Third,

the analysis did not fully incorporate detailed measures of

family economic status or the structure of teacher resources,

which may underestimate their roles in class-size allocation

and student outcomes. Finally, while the two-level hierar-

chical model effectively distinguishes between student- and

school-level effects, there remains scope for methodological

refinement. Future research incorporating approaches such

as regional fixed effects, multilevel random slopes, regres-

sion discontinuity, or instrumental variables could further

strengthen causal identification.

Future research should draw on updated datasets and

richer multidimensional variables to more comprehensively

explore the heterogeneity of class-size effects and the un-

derlying mechanisms. In particular, further work could in-

vestigate stage-specific effects (primary, junior middle, and

high school) and assess how institutional advantages in key

schools interact with class size to shape outcomes. Such

efforts would provide more solid and nuanced evidence to

inform the design and evaluation of education policies.
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