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Notes on 

 “Class Size Reduction and Student Achievement: The Potential 

Tradeoff between Teacher Quality and Class Size”  

by Jepsen and Rivikin 

 

In this review report, I will summarize Jepsen and Rivikin’s paper based on my 

presentation on February 7, and I will highlight some of the points based on the 

comments made in our discussion. My review proceeds according to the following 

outline: 

1. Background and motivation 

2. Research question and main results 

3. Relation with literature 

4. Empirical model 

5. Data and descriptive results 

6. Analytical results 

7. Conclusion and policy implications 

Background and Motivation 

In the summer of 1996, California implemented the most expensive state-level education 

reform in the U.S. history, the class-size-reduction (CSR) program. This legislation 

aimed to reduce average class size by roughly one-third, from 30 students to 20, in 

kindergarten through the third grade, at an annual cost of over $1 billion. However, 

although educators and policymakers have good intentions, policy intervention is often a 

double-sided sword. CSR created 25,000 new teaching positions but not, of course, 

25,000 additional teachers. According to the general equilibrium theory, the rising 

demand for teachers lowered down the entry threshold, resulting in the teacher workforce 

consisting of individuals who might not have been hired as teachers in the absence of 

CSR. The hiring of large numbers of inexperienced and non-certified teachers had the 

potential to offset the direct benefits of smaller classes, particularly for schools in 

economically disadvantaged and minority communities that had staffing difficulties even 

before class size reduction.  

In this context, it is both interesting and important to evaluate to what extent the students 

really benefit from CSR, and to provide some implications on whether the benefits justify 

the substantial cost. Such an investigation requires some statewide measures that capture 

students’ benefits. Fortunately, the Stanford Achievement Test Series, taken by each 

California public school through 1997 to 2001, make a nice measure for student 
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achievement that reflects students’ benefits from education as well as teachers’ quality. 

Furthermore, data from California Department of Education (CDE) with rich information 

on class size, teacher characteristics and student demographics make the study feasible.  

Research Question and Main Results 

In the paper “Class Size Reduction and Student Achievement: The Potential Tradeoff 

between Teacher Quality and Class Size”, Jepsen and Rivikin (2009) investigate the 

effects of California’s class-size-reduction (CSR) Program on student achievement. They 

are seeking the answer to the following research questions: 

1. What are the direct effects of class size reduction on student achievement?  

2. What are the effects of CSR on teacher quality?  

3. What are the indirect effects of teacher characteristics change on student 

achievement? 

4. Do these effects evenly distributed among different ethnic groups?  

5. Do these effects evenly distributed among schools of different poverty levels?  

The authors find that on average, a ten-student reduction in class size raised school 

average mathematics and reading achievement by roughly 0.10 and 0.06 standard 

deviation of school test score distribution respectively. However, the accompanying 

increases in the shares of new and not-fully certified teachers offset some of the benefits 

of CSR. For instance, having a first-year teacher as opposed to a teacher with at least two 

years of experience reduced achievement by an average of 0.10 and 0.07 standard 

deviations in mathematics and reading, which is almost identical to the benefits of 

smaller classes. The negative effects are larger in schools with high shares of 

economically disadvantaged and minority students. Moreover, they find that there is a 

significant albeit small quality differential between fully certified and not fully certified 

teachers, but the teacher quality has no significant relationship with the size of entering 

teacher cohorts.  

Relation with Literature 

Some of previous studies utilize social experiments to identify the causal effects. For 

example, the Tennessee STAR experiments randomly assign students to small classes and 

large classes. Kruger and Whitmore (2001) compare the student achievement in large and 

small classes, and find that smaller class sizes in kindergarten and first grade has 

significant and lasting impact on academic achievement and educational attainment.  

Some other researches use the exogenous variation in class. For example, Angrist and 

Lavy (1999) use Maimonides’ rule to estimate the effect of class size, and they find that 

smaller classes increases achievement in early grades and the effects tend to be larger for 

lower-income students.  
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One important feature of these studies is that they hold teacher characteristics constant or 

ignore the teacher characteristics change. However, the class-size-reduction program can 

inevitably alter the composition and quality of the teacher force. Therefore, these studies 

only provide partial information on the effects of class size.  

Regarding the previous research on CSR, one early study is by Bohrnstedt and Stecher 

(1999, 2000) that evaluates student achievements in the initial years of CSR 

implementation. They compare student test scores between the schools that participate in 

the first years and the schools that start in later years, and find little effects of CSR. The 

more recent works on CSR investigate both the benefits of smaller classes and 

unintended consequences. For example, Sims (2003) finds that class size reduction 

increases the usage of multi-grade classrooms that adversely affect achievement.  

Based on the previous work, the marginal contribution of this paper is: 

1. It investigates the direct effects of smaller classes and the indirect effects of 

changes in teacher characteristics.  

2. It provides a rich set of estimates, including the difference-in-difference models 

and various specifications of fixed effects, which is less susceptible to 

contamination by confounding factors.  

Empirical Model 

The authors develop the model at the school-grade-year level data. The baseline model is: 

                                                                  (1) 

where      is the average achievement   for students in grade   and school   in year  ; 

   is average class size;   is vector of teacher characteristics, including the shares of 

teachers without certification and different levels of experiences;   is a vector of family 

background; and   measures the average student skill.  

However, this model might not yield unbiased estimates for   and  , as there could be 

non-random sorting of students and teachers, and there are systematic differences in the 

timing of CSR implementation, so class size (  ) and teachers ( ) can be correlated with 

other achievement determinants ( ). Fortunately, this problem can be remedied by 

imposing fixed effects. The error term can be decomposed into school fixed effects, grade 

fixed effects, and year fixed effects and their interactions: 

                                    

Note that      and      are not identical,      is some unobserved factor that could affect 

achievement, while      is a random error. The table displays the interpretations of each 

component of confounding factors:  
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Variable Interpretation Example 

   
time invariant differences in 

neighborhoods and schools facilities, public services, communities 

   time invariant differences in grade difficulties in the materials 

   year effects 

statewide economic condition, education 

policy change 

    

systematic changes across grades in a 

school to all years 

administrating policy (teachers specialized 

to some grades) 

    
year-to-year changes in a school for all 

grades 

renovation of school buildings, local 

economic condition 

    state-wide trend  change in the test design, test difficulties 

     
year-to-year change in grade-specific 

changes grade-specific changes in curriculum 

 

Since the data are aggregated to the school-grade-year level, adding fixed effects can 

eliminate all these confounding factors except     . After adding school-by-grade fixed 

effects and school-by-year fixed effects, the biasedness of   and   requires the 

assumption that class size and teacher characteristics are not correlated with     , and we 

have:  

(            )  (               )

  [(              )  (                 )]        

(            )  (               )

 [(            )  (               )]

  [(            )  (               )]

  [(              )  (                 )]

  [(            )  (               )]

 [(            )  (               )]        

The first equation is given by the paper, and the second equation is in my presentation. I 

think the second makes sense as CSR induces the change in teacher characteristics which 

makes  [(            )  (               )] unlikely to be zero. 

Some other concerns: 

1. Students may change school in response to expected teacher quality or class size 

change.  

Response: it is not a serious problem, because it is uncertain in most cases which 

teachers will be assigned to the children, and schools are unlikely to change class 

size based on characteristics of particular student cohorts. 
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2. Teacher assignment may be based in part on cohort student quality, that is, there 

may be teacher mobility across and within grade.  

Response: since there is no student level data, the authors are not able to measure 

the effects of teacher mobility, but student level panel data from Texas suggest 

that class size estimates are not sensitive to mobility controls.  

3. If class sizes do not have enough variation, the difference across grade and year 

may not have enough predictive power for student achievement.  

Response: Table A1 decomposes the variance of class size by grade and CSR 

status, and it shows the class size has some variations. 

4. The final concern is the possible persistence of cohort differences in class size and 

teacher characteristics across grades. For example, students having small classes 

in kindergarten and first grade tend to have small classes in second and later 

grades. Because knowledge can persist over time, it may lead to upward bias of 

the beneficial effects of class size. 

Response: Table A2 displays the correlations between current and prior year class 

sizes and teacher characteristics. The correlations of teachers are very small, but 

the correlations of class size can approach 0.25, suggesting that class size in the 

previous years may introduce small upward bias.  

Data and Descriptive Results 

The data are from California Department of Education (CDE) and include all public 

elementary schools in California. The data run over 7 years, 1990-1991, and 1995-2001. 

Measures of student achievement are Stanford Achievement Test Score from 1997 to 

2001 in mathematics and reading. In the analysis, the test scores are standardized to a 

mean of zero and a standard deviation of one. Measures of teacher characteristics are 

percentage of certified and not-fully certified teachers, and percentage of teachers with 

zero, one and two years’ experience. Schools are classified into low poverty schools and 

high poverty schools. Low poverty schools are defined as schools with fewer than 25% of 

their students eligible for a subsidized lunch, whereas high-poverty schools are defined as 

schools with greater than 75% percent eligible for a subsidized lunch. 

Descriptive statistics (Table 1) shows that student achievement has improved gradually 

through 1997 to 2001, and average class size has also decreased during that period. 

However, there is a large increase in the share of new teachers and non-certified teachers 

in grades 2-4 public schools following the implement of CSR (Figure 1 and Figure 2). 

The share of new teachers decreases gradually (Figure 1) after 1997, but the share of non-

certified teachers remains high (Figure 2), which might imply a long-term decline in 

teacher quality. The change is larger and teacher assignment has ethnic differentials in 

high-poverty schools. White students have lower percentage of shares of new and non-

certified teachers than other ethnic groups. 
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Analytical Results 

A comparison of student achievements between late adopters and non-late adopters 

reveals positive effects of CSR (Table 2). Models from Equation (1) with various 

specifications of school fixed effects, school-by-grade fixed effects and school-by-year 

fixed effects also show positive effects of smaller class size (Table 3), but with smaller 

magnitudes than the models without including teacher characteristics and fixed effects 

(Table 2), which implies that CSR may induce some teachers to move from non-CSR to 

CSR grades. These estimates are also smaller than most other studies. For example, the 

study by Angrist and Lavy (1999) suggests that a 10-student class reduction in class size 

would increase achievement by at least 0.17 standard deviation. One explanation for this 

is the difficulty to expand classrooms, like the example put forward by Sims (2003) that 

the increase in the share of students in multi-grade classrooms can offset the benefits of 

CSR.  

Based on Equation (1), the authors add interactions of teacher experience with teacher 

certification (Table 4). Estimates show there is gap between certified and non-certified 

teachers and the gap is larger in the first year, implying that teachers lacking certification 

are less well prepared, but their inferior backgrounds and skills can be improved by 

experience. The authors further impose interactions of teacher characteristics with 

percent of black students (Table 5), but the results show little evidence of black-white 

differences in class-size effects, which are different from most prior studies.  

Since certification and experience may not fully capture the quality of teachers, and the 

changing teacher demand from year to year with the resulting different cohort size of 

teachers entering the market may cause teacher quality variations, interacting teacher 

certification and experience with year dummies can examine whether there are teacher 

quality differentials. Model based on Equation (1) with full fixed effects specification 

further imposes the interaction terms (Table 6), but results reveal little systematic 

relationship between cohort size and teacher quality.  

The estimated coefficients from the mathematics and reading full fixed effect 

specifications reported in Table 3 are used to simulate short-run (1995-1997) and long-

run (1995-2001) achievement. The simulated achievements are regressed on actual class 

size and teacher characteristics for low-poverty, high-poverty and minority schools 

(Table 7). The results indicate that the positive effects of CSR are larger in long term than 

in short term. Moreover, given that changes in teacher characteristics and slower take up 

of the CSR program in high poverty schools, the CSR’s benefits are larger in low poverty 

schools than high poverty and minority schools, but such gaps shrink over time.  

Conclusion and Policy Implications 
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This paper investigates the direct and indirect effects of California’s class-size-reduction 

(CSR) program. CSR reduced class size across the state and led to a short-term increase 

in the share of teachers lacking experience and a persistent increase in the share of 

teachers lacking full certification, both of which are larger in high poverty, higher 

minority enrollment schools.  

The findings suggest that CSR increased achievement for all demographic groups, but 

this kind of benefits were distributed in a regressive manner. Fortunately, the uneven 

distributed benefits by income and ethnicity were only limited to the years immediately 

following the implementation of CSR.   
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