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Teachers spend most of their time in school in classrooms, and their instruction and
teaching practices may be affected by classroom context such as class size. We
examine whether teacher effects interact with classroom context such as class size.
Specifically, we seek to determine whether teacher effects are more pronounced in
small classes than in regular size classes in early grades. The results point to some
evidence that teacher effects are more variable in small classes than in regular size
classes. However, the pattern does not seem to be systematic.
Keywords: teacher effects; small classes; multilevel models; student achievement

Introduction
In many different education systems across the world, teachers play a fundamental role in
educating students at the elementary and secondary levels. Folk knowledge as well as our
own experiences in elementary and secondary schools suggest that the effects teachers
have on students can be remarkable in some cases. Specifically, teachers’ profound effects
on students’ learning and school experiences may last well into adulthood (see Pedersen,
Faucher, & Eaton, 1978). It is not uncommon to attribute academic success to particular
teachers during our school years and refer to them as great or influential teachers.
Nonetheless, teachers may differ considerably in their effectiveness to promote their
students’ academic achievement, and this variation in teacher effectiveness seems to be
large (Nye, Konstantopoulos, & Hedges, 2004; Rivkin, Hanushek, & Kain, 2005; Rowan,
Correnti, & Miller, 2002). While some teachers are very effective in facilitating student
learning, others are not as effective. Still, improving teacher effectiveness is an important
mechanism through which schools promote student learning. For instance, in the US, the
No Child Left Behind Act (NCLB) of 2001 has stressed the importance of teacher
effectiveness and has mandated plans to improve teacher effectiveness and produce
more effective teachers.
Of course, teachers do not spend their time in a context-free environment. Instead,
teachers spend most of their school time in classrooms, and their instruction and teaching
practices may be affected by classroom context. One important aspect of classroom
context is classroom size. The last 3 decades, class size reduction programs have been
identified by many researchers as a promising school mechanism that can increase
achievement for all students (e.g., Finn & Achilles, 1990; Konstantopoulos, 2008;
Krueger, 1999). As a result, in the US many states have passed legislation for the
implementation of such programs, and in Europe countries such as the UK and Greece
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have enacted policies about the maximum number of students in a classroom (Blatchford,
Basset, & Brown, 2011).
The purpose of the present study is to examine whether teacher effects are moderated
by classroom context such as class size. Specifically, we are interested in investigating
whether the effects teachers have on student achievement differ considerably by class size
(e.g., small or regular size classes). To that end, we use data from a high-quality 4-year
field experiment, Project STAR (Student Teacher Achievement Ratio), where students and
teachers in early grades (i.e., kindergarten through third grade) were randomly assigned to
classrooms of different sizes within schools. We follow previous work by Nye et al.
(2004), and operationalize teacher effects as classroom-specific residuals that are adjusted
for student effects such as gender, race, socioeconomic status (SES), and school fixed
effects. In line with Nye et al. (2004), we use the term teacher effects instead of classroom
effects to stress the central role of the teacher in the classroom processes. Because of
random assignment, we assume that, on average, student and peer effects are similar
across classes. Teachers were also randomly assigned to classes, which helps address
potential selection biases in the baseline. That is, we assume that class size reduction is the
only difference among classes in the baseline and that teachers in different types of classes
are the driving force in terms of classroom practices, learning activities, and interactions
among students and teachers. In turn, we assume that possible changes in student
achievement are due to teachers, other things being equal.
Related literature
Teacher effects
The literature about teacher effects encompasses different research strands. One research
strand discusses the association between teacher characteristics and student achievement.
Within that strand, some reviewers of the teacher effects literature have argued that
measured teacher characteristics such as educational preparation, experience, or salary
are only slightly related to student achievement (Hanushek, 1986). Other reviewers,
however, have reported positive effects of teacher characteristics such as experience and
teacher education on student achievement (Greenwald, Hedges, & Laine, 1996). More
recent work has provided additional support about the positive association between
teacher experience and student achievement (Clotfelter, Ladd, & Vigdor, 2006; Nye
et al., 2004). There is also evidence that National Board certified teachers seem to be
more effective than other teachers (Goldhaber & Anthony, 2007). Typically, regression or
multilevel models are used to determine such associations between teacher variables and
achievement.
A second research strand includes studies about the variance in average student
achievement across classrooms (or teachers) controlling for student background. Within
this strand, teacher effects are defined broadly as the proportion of variance in student
achievement that is attributed to teachers. Regression or multilevel methods have been
used to estimate the part of the variance of student achievement that is due to teacher
effects. The underlying assumption is that the between-classroom or teacher variation in
student achievement is caused by variation in teacher effectiveness. Family background is
typically taken into account in such models in order to determine the value added of the
teachers. Results from these studies have suggested that there is significant variation in
teacher effectiveness (Goldhaber & Brewer, 1997; Murnane & Phillips, 1981; Nye et al.,
2004; Rowan et al., 2002). That is, teachers differ significantly in how they impact student
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achievement, with some teachers being more effective, whilst others are not as effective.
In this study, we follow a similar approach to that used in Nye et al. (2004).
A third research tradition focuses more on what goes on in the classroom. In contrast
with the previous two traditions of research that rely on statistical modeling and have a
macro, black box, perspective on the effects of teachers on student achievement, this
strand has a micro, within-classroom perspective about the mechanism of teacher effects.
Specifically, in this line of research the objective is to identify classroom practices or
processes that facilitate student learning. Pioneering work by Good and Brophy (1987)
examined the association between good teaching practice and student achievement. Such
studies are often referred to as process-product studies because they identify classroom
processes and teaching practices that are associated with student outcomes or products
such as student achievement. Parameters that have been discovered to be related with
student achievement include teacher confidence in teaching students successfully, efficient
allocation of classroom time to instruction and academic tasks, effective classroom
organization and group management, and active/engaging teaching that emphasizes understanding of concepts (Good & Brophy, 1987). These processes have been documented as
positive correlates of student achievement (Good & Brophy, 1987). All three research
strands complement one another and provide a more comprehensive picture of what
teacher effects are.
Class size effects
The effects of class size reduction on student achievement have been examined empirically via various research designs and analyses over the past few decades. Numerous
small-scale experimental and quasi-experimental studies have investigated the effects of
class size on student achievement. Meta-analytic reviews of early work on class size
effects have suggested that class size reduction has positive effects on student achievement and that these effects become greater as class size becomes smaller (Glass, Cahen,
Smith, & Filby, 1982; Glass, & Smith, 1979). The benefits of small classes appeared to be
more pronounced in classes with 20 or 10 students as opposed to 30 or 40 students. The
class size achievement association was more pronounced in randomized studies (Glass &
Smith, 1979).
Other studies have examined the effects of class size reduction on student achievement using data from non-experimental studies. Typically, these studies compute the
association between class size and student achievement, adjusting for important factors
in student background such as gender, race/ethnicity, SES, and previous academic
achievement. The interpretation of these studies’ results has been controversial
because of selection bias. That is, this body of research has not yielded clear evidence
about the effects of small classes. For instance, Angrist and Lavy (1999) found that
reducing class size increased fourth and fifth graders’ scores of Israeli students
significantly. In France, Bressoux, Kramarz, and Prost (2009) have reported benefits
for students in small classes, especially for low achievers. Similarly, Pong and Pallas
(2001) found positive small class effects on eighth-grade achievement using the
Trends in International Mathematics and Science Study (TIMSS) data across different
countries. In contrast, Hoxby (2000) reported that smaller classes had little to no effect
on student achievement, and Milesi and Gamoran (2006) found no evidence of class
size effects on student achievement.
Perhaps the most conclusive evidence about class size effects has been produced from
analyses of Project STAR data. Early analyses of Project STAR data have indicated that
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small classes had positive effects on student achievement in early grades (Finn & Achilles,
1990). More recent analyses of the same data also demonstrated that small classes increase
student achievement for all students (Hanushek, 1999; Krueger, 1999; Nye, Hedges, &
Konstantopoulos, 2000). The average class size in small classes was 15 to 16 students and
in regular size classes 22 to 23 students. Overall, the findings from studies that used highquality experimental data have been consistent and have provided evidence about the
positive immediate effects of small classes on student achievement. Follow-up data have
also been analyzed, and the results have provided strong evidence that the positive effects
of small classes on student achievement persist through the eighth grade (Finn, Gerber,
Achilles, & Boyd-Zaharias, 2001; Konstantopoulos & Chung, 2009). These findings have
also indicated that the lasting benefits of small classes become greater the longer students
were in small classes in earlier grades. For example, the lasting benefits for students who
were in small classes for all 4 years (i.e., kindergarten through third grade) were nearly
twice as large as the benefits for students who were in small classes for only one year
(Konstantopoulos & Chung, 2009).
Teaching practices and class size
Over time, published research has provided some evidence about classroom practices in
smaller and larger classes. Early work by Smith and Glass (1980) indicated that in small
classes there is more individualized instruction, more student participation, higher frequency of interactions among students and teachers, and higher quality of instruction
overall. Along the same lines, another contemporary study found that students in small
classes received more attention through questions and probes than students in other
classes (Bourke, 1986). However, teachers in small classes were more likely to teach
the class as a whole (Bourke, 1986). Small classes require less management and are less
noisy, which should promote student learning (Bourke, 1986). Early reviewers of the
literature (e.g., Odden, 1990) have reported that, in small classes, students are more
attentive and teachers have more opportunities for curriculum expansion activities. One
study that analyzed data in second and third grades from Project STAR has found that
teachers did not modify their teaching practices considerably in small and regular size
classes in these grades (Evertson & Randolph, 1989). The authors attributed this finding at
least partly to the mandated curriculum and its goals about student assessment. More
recent work has used large-scale data to examine how class size changes teaching
practices and have provided additional evidence that, in small classes, teachers spent
more time in individualized instruction and less time on group instruction (Betts &
Shkolnik, 1999). In addition, teachers in small classes were more likely to devote time
to review activities. The authors concluded that, overall, teachers in small classes did not
change their instruction practices dramatically.
Previous work has argued that class size offers the context in which teachers and
students interact (Zahorik, 1999). This notion implies that the effects of class size are
“mediated” by what teachers and students do in the classrooms. Along the same lines,
Anderson (2000) points out that small classes provide opportunities for teachers to modify
their instruction accordingly to maximize learning. However, in order to take advantage of
the opportunities that small classes provide, teachers need first to comprehend what types
of instructional changes should be enacted when they teach small classes (Anderson,
2000). Anderson provided a useful theory of change model about class size effects that
stresses three main factors: in small classes, (a) there should be fewer discipline problems,
(b) teachers should have greater knowledge of their students, and (c) teacher satisfaction
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and enthusiasm should be greater. Now, these factors should result in more instructional
time and individualized instruction which should result in more in-depth content coverage. In small classes, teachers should put greater efforts in their teaching, students should
be more engaged, and thus there should be greater opportunities to learn, which ultimately
will improve student achievement.
More recent work has reported that students in larger classes are more likely to be
distracted from classroom work and are more frequently off task (Blatchford, Edmonds, &
Martin, 2003). In that study, the authors also found no support that the relations among
students are better in smaller classes. Blatchford and colleagues (2011) have also found
that students in small classes receive more individual attention from their teachers, and
that they have more opportunities to interact with their teachers. However, in small classes
students were less likely to work in groups and engage in collaborative group work, a
result consistent with the results reported by Betts and Shkolnik (1999). These results
were by and large replicated in other studies that have reported that in small classes there
were more frequent interactions between students and teachers with respect to knowledge
building and learning activities (Blatchford, Russell, Bassett, Brown, & Martin, 2007).
Further, teachers in smaller classes were more likely to focus their attention on specific
students and provide individualized instruction and feedback (Blatchford, Moriarty,
Edmonds, & Martin, 2002).
Research hypothesis
Given the findings of previous work about small classes especially in early grades, it
seems more likely that management- and behavior-related issues are addressed in a shorter
time in small classes than in regular size classes. In turn, less time on management and
discipline should translate to more time spent on learning activities in small classes than in
regular size classes. If according to Anderson’s (2000) model, there is more individualized
instruction, student engagement, and teacher enthusiasm in small classes, one would
expect ultimately to find larger learning gains within a school year in small classes than
in regular size classes.
However, is reducing the numbers of students in classes enough to produce a positive
change in student outcomes? Indeed, class size provides the context in which learning
takes place, but can a simple alteration of the size of a classroom change student
achievement? It seems that certain conditions need to be met in order for that to happen.
Class size reduction can offer opportunities to teachers to facilitate learning. That is, small
classes provide the context that could enable teacher effects, but the degree to which this
facilitation takes place is unclear. For example, some teachers may teach a larger class of
30 students and a smaller class of 15 students the same way (see Betts & Shkolnik, 1999).
Alternatively, other teachers may modify their instruction practices to take advantage of
the fact that there are fewer students in the classroom. That is, the important question is
what do teachers do in classrooms with fewer students? Smaller classes may provide
opportunities for more effective instruction, but such opportunities need to be exploited by
the teacher in order to promote student learning. For instance, some teachers who are
assigned to small classes may modify their instructional practices accordingly, and in that
case perhaps the teacher effects on student achievement may be pronounced. Whenever
teachers take advantage of the small class context, it seems plausible to expect larger
increases in student achievement. Other teachers assigned to small classes, however, may
not change their classroom practices, and as a result, increases in student achievement
may not be as apparent.
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It should be noted that simply altering instruction and classroom practices may not
be enough; it would have to involve the “right” changes in teaching practices. For
instance, individualized attention is an improvement in small classes, but to exercise
repetitive teaching, over-individualize, or provide feedback instantly to students may
be disruptive (Blatchford et al., 2007; Evertson & Randolph, 1989). Specifically,
Blatchford et al. (2007) have argued that although individual attention in small classes
is beneficial, teachers should consider modifying their instruction to include group
work when needed.
Given the findings from prior work, one could expect that teachers’ instructional
practices may vary more in small classes than in regular size classes. If these differences translate to differences in achievement between classrooms, then one would
expect to observe larger variability in achievement between small classes than between
regular size classes. This variability is what we call teacher effects in this article (see
also Nye et al., 2004). Along these lines, our main research hypothesis is that the
variance in achievement between smaller classes will be larger than the variance in
achievement between regular size classes (or that teacher effects will be larger in small
classes).
In addition, given that our data come from a randomized experiment, and assuming
that random assignment was successful, one would not be as concerned about average
differences in student or classroom/teacher variables that could have influenced teacher
effects. That is, on average, students across classes were similar, and thus the data from
Project STAR likely satisfy the assumption that small and regular size classrooms are
equally teachable on average (see Beckerman & Good, 1981, for a discussion about
teachable classes).
The Tennessee class size experiment
Project STAR, also known as the Tennessee class size experiment, is a 4-year large-scale
experiment that took place in Tennessee in the mid-1980s. The experiment was commissioned in 1985 by the Tennessee state legislature and was implemented by a consortium of
Universities and the Department of Education in Tennessee. The experiment lasted for 4
years from Kindergarten to Grade 3, and the total cost, including hiring teacher and
teacher aids, was about $12 million. The state of Tennessee paid for hiring additional
teachers and classroom aides. Project STAR is considered one of the greatest experiments
in education in the U.S.
In the 1st year of the experiment, a cohort of more than 6,000 students in more than
300 classrooms in 79 elementary schools in 42 districts in Tennessee participated. The
sample included a broad range of schools and districts (urban, rural, wealthy, and poor).
Districts had to agree to participate for 4 years, allow school visits for verification of class
sizes, interviewing, and data collection, and include extra student testing. They also had to
allow research staff to assign pupils and teachers randomly to class types within schools
and to maintain the assignment of students to class types from kindergarten through third
grade.
The cohort of kindergarten students was assigned randomly to different types of
classrooms within each school: small classes (with 13 to 17 students), regular size
classes (with 22 to 26 students), or regular size classes with a full-time aide. Teachers
were also assigned randomly to classes of different types. Some students entered the
study in the first grade and subsequent grades and were assigned randomly to classes at
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that time. Teachers at each subsequent grade level were also assigned randomly to
classes as the experimental cohort passed through the grades.
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The validity of Project STAR
The internal validity of the Project STAR data depends on whether random assignment
effectively eliminated preexisting differences between students and teachers assigned
to different types of classrooms. One could examine empirically whether there were
any differences on pre-existing observed characteristics of teachers or students.
Unfortunately, no pretest scores were collected in Project STAR, so it is not possible
to examine differences in pre-kindergarten achievement. Other student variables such
as age, race, and SES, however, were available. Krueger (1999) examined the effectiveness of the randomization among treatment groups, small, regular, and regular size
classes with a full-time aide, and found that across three observed variables such as
SES, minority group status, and age, there were no significant differences between
classroom types once school differences were taken into account. Krueger also found
that there were no significant differences across classroom types with respect to
teacher characteristics such as race, experience, and education. He concluded that it
did not appear that random assignment was compromised by these observed characteristics. In addition, a more recent study examined whether randomization was
successful across classrooms within treatment types within schools (Nye et al.,
2004). The results produced from that study were consistent with what would be
expected if randomization were successful. That is, no systematic differences were
found for specific observed student characteristics between classrooms that were in the
same treatment type (e.g., small classes) within schools.
Another important threat to the internal validity of Project STAR was attrition.
Approximately 28% of the students who participated in Project STAR in kindergarten
were not part of the study in the first grade. The attrition rate was nearly 25%, for
students who participated in the study in the first grade but were not present in the
second grade. Twenty percent of the students dropped out of the study after the
second grade, and thus they were not present in the third grade. Across all grades,
about 50% of the students who were part of the experiment in kindergarten were still
part of Project STAR in the third grade. The effects of differential attrition on the
estimates of class size have been discussed in previous work (Krueger, 1999; Nye
et al., 2000). For example, Krueger (1999) examined whether differential attrition
among types of classrooms biased the effects of class size on student achievement. He
concluded that it seemed unlikely that differential attrition biased the class size
estimates. The same conclusion was reached by Nye et al. (2000) independently,
who used slightly different methods and examined differences in achievement for
dropouts and stayers.
Statistical analysis
Distribution of classes
In order to identify the nested structure of the data, we computed first the number of
classes across all schools for each grade separately. Second, we computed the number of
classes for each school and grade separately. Third, we computed the number of small,
regular, and regular size with a full-time aide classes for each school and grade. All three
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analyses provided a clear picture of the distribution of classes overall and the types of
classes across schools and grades.
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Computation of teacher effects in each grade
The main objective of the study was to examine whether teacher effects in a specific grade
(e.g., kindergarten) are more pronounced in small than in regular size classes. To address
this objective, we conducted analysis for each grade separately (i.e., kindergarten to third
grade). The outcomes were the Stanford Achievement Test (SAT) reading and mathematics scores collected as part of Project STAR at the end of each school year. SAT is a
widely used test that measures academic achievement of elementary and secondary school
students that is designed to measure, among other things, word reading, reading comprehension, and mathematics computation and application. We operationalized teacher effects
as classroom-specific residuals, and the variance of these residuals indicated the magnitude of the effects of how different the effects of teachers can be (see Nye et al., 2004).
First, we computed teacher effects for all students across all classrooms and schools
using two-level models. At the first (i.e., student) level, we included student characteristics such as gender, race, and SES. This is common practice in the teacher and school
effects literature where student achievement is typically regressed on student demographic
characteristics such as SES, race/ethnicity, and gender (Lee, 2000). At the second (i.e.,
class) level, we included school fixed effects (i.e., dummies to capture differences across
schools) in order to explain the between-school variance in achievement that is due to
school differences. To compute the teacher effects, we used the same specification for
mathematics and reading achievement for each grade (i.e., kindergarten, first, second, or
third grade) separately. Hence, for each grade g (g = k, 1, 2, 3) the first-level regression
equation for student i, in class j is
Yi j ¼ β0 j þ β1 j FEMALEi j þ β2 j LOWSESi j þ β3 j MINORITYi j þ "i j :

(1)

At the second level, the regression model for the classroom intercepts is
β0 j ¼ γ00 þ GSCHLj þ 0j;

(2)

where SCHL are school fixed effects (i.e., dummies). It is important to include the school
dummies in the second level in order to tease out the proportion of the between-classroom
variance that is attributed to differences between schools. All Level 1 slopes were treated
as fixed at the second level, that is, β1 j ¼ γ10; β2 j ¼ γ20; β3 j ¼ γ30: . In the above equations, Yij represents student achievement (mathematics or reading), γ00 is the intercept, γ10
is the overall gender effect, FEMALE is a dummy variable for being a female student, γ20
is the overall low SES effect, LOWSES is a dummy variable for free or reduced price
lunch eligibility, γ30 is the overall minority effect, MINORITY is a dummy variable for
minority group membership indicating that the student was Black, Hispanic, or Asian, εij
is a student-specific random effect or residual, and ξ0j is a classroom-specific random
effect or residual. In this model, the variance of the error term is divided into two parts:
the within-classroom and the between-classroom variance. The classroom-specific random
effects, ξ, represent the teacher effects, and the variance of these residuals is adjusted by
student gender, SES, minority group status, and school fixed effects. The variance of these
random effects indicates differences in teacher effects or how large the effects can be
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(see Nye et al., 2004). Notice again that the variance of the classroom-specific residuals is
adjusted for school differences (i.e., school fixed effects), and therefore it should represent
only classroom effects that we call teacher effects.
Second, we computed teacher effects within small and regular size classes separately
to determine whether there were differences in the estimates of teacher effects within each
type of classroom. We focus our within-class type analysis to comparisons between small
and regular size classes. That is, our contrast of interest involved the estimates of teacher
effects in small and regular size classes. The two-level model used in the within type of
classroom analysis was identical to the one illustrated in Equations (1) and (2). This
analysis was conducted for mathematics and reading scores separately for each grade.
To determine whether the variability in achievement differed significantly between
small and regular size classes, we used a typical F test for equality of two variances
(see Snedecor & Cochran, 1989), namely
F ¼

2
Ssml
2
Sreg

(3)

where S2 indicates the sample variance, subscript sml indicates small classes, and subscript reg indicates regular size classes. This F test has nsml  1; nreg  1 degrees of
freedom, where n indicates sample size. We set the level of statistical significance
according to typical standards (i.e., 0.05).
Sample description
A cohort of approximately 6,500 kindergartners participated in the study in the 1st year.
Nearly 50% of the students in the sample were female and low-SES students.
Approximately one third of the students were minorities (more than 90% of them were
Black), and about 30% of the students were in small classes. Nearly 3,000 students
participated in the study for all 3 years, and more than 11,000 students were part of
Project STAR in the 4-year period. The outcomes of interest were mathematics and
reading scores that were standardized to have a mean of zero and a standard deviation
of one. On average, there were 15 to 16 students in small classes and 22 to 24 students in
regular size classes across grades. The range in small classes was between 11 and 20
students across grades, whilst in regular classes the range was between 15 and 29 students
across grades.
The number of classes by type of classroom and grade is reported in Table 1. On
average and across grades, there are nearly 100 regular size and 100 regular size with a
full-time aide classes, and nearly 130 small classes. Overall, there were nearly 330 classes
across grades. Approximately 80% of the schools had three to five classes in each grade

Table 1.

Classroom type by grade.

Type of Classroom
Small
Regular
Regular with Full-Time Aide
Total

Grade K

Grade 1

Grade 2

Grade 3

127
99
99
325

124
115
100
339

133
100
107
340

140
89
107
336
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Table 2.

Number of classes by school and grade.

Classes Per School

Number of Schools

Classes Per School

Grade K

Grade 1

2
3
4
5
6
7
8

1
28
26
15
4
4
1

3
4
5
6
7
12

13
33
15
8
5
1

3
4
5
6
7
9

22
25
11
13
4
1

Grade 2
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Number of Schools

Grade 3

3
4
5
6
7
11

14
31
17
8
4
1

(see Table 2). However, there were also a few schools that had more than five classes in
each grade. For instance, in kindergarten four schools had six classes and another four
schools had seven classes. In the second and third grades, the number of schools that had
six classes was twice as large (i.e., 8), and in the first grade the number of schools with six
classes tripled (i.e., 13). Still, the overwhelming majority of schools had less than six
classes in each grade. In addition, more than 90% of schools had one or two small,
regular, or regular with full-time aide classes in each grade (see Table 3). For instance, in
kindergarten 41 schools (52%) had two small classes and 35 schools (44%) had one small
class. Similar patterns were observed across grades and for all types of classes.

Table 3.

Number of classes by type of class, school, and grade.

Grade K

Grade 1

Grade 2

Grade 3

Classes Number of Classes Number of Classes Number of Classes Number of
Per School Schools Per School Schools Per School Schools Per School Schools
Small Classes
1
2
3
4
Regular Classes
1
2
3

35
41
2
1

1
2
3

32
40
4

1
2
3

23
46
6

1
2
3

20
45
10

59
17
2

1
2
3
5

43
29
3
1

1
2
3
4

49
22
1
1

1
2
3

50
18
1

1
2
3
4

47
23
1
1

1
2
3
4

46
27
1
1

1
2
3
4

46
27
1
1

Regular Classes with Aide
1
59
2
20
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Results
Teacher effects were computed separately for four grades: kindergarten, first, second, and
third grade. Because the teacher effects were defined as classroom residuals, the mean of
the teacher effects distribution is zero. The distribution of teacher effects is, in this case,
defined well by its variance, which indicates the magnitude of teacher effects. That is,
larger variances indicate larger differences among teachers in terms of effectiveness. If
differences in teacher effectiveness are larger in smaller classes, then one would expect
larger between-classroom variances in small classes. The estimates of the Level 1 and
Level 2 variances produced by the two-level model analyses using data across all students,
classes, and schools for each grade are given in Table 4. Results for reading achievement
are given in the left columns of the table and those for mathematics achievement are given
in the right columns. We report results produced by a two-level model that controls for
student characteristics (e.g., gender, race, etc) as well as school fixed effects. Sample sizes
for students and teachers/classes are also reported. Below, we discuss the results.
The results indicate that the majority of the variance estimates in reading and mathematics achievement is between students within classes, not between classes. In fact, the
between-student within-class variances are 6 to 7 times larger than the variances between
classes. Still, the estimated between-teacher variance components in reading achievement
ranged from 0.081 to 0.110 and were significantly different than zero suggesting significant
teacher effects (see Nye et al., 2004). In mathematics, the second-level variance components
estimates were slightly larger than those in reading. In particular, the estimated betweenteacher variance components in mathematics achievement ranged from 0.111 and 0.131. The
largest estimates were observed in kindergarten for reading and in first grade for mathematics. Overall, across grades there is systematic evidence about significant teacher effects.
The results of the Level 1 and Level 2 variance component estimates produced by the
two-level model used in the within small or regular size class analyses are reported in
Table 5. The structure of Table 5 is identical to that of Table 4. First, we discuss the results
in small classes. The estimated between-teacher variance components in reading achievement ranged from 0.081 and 0.157. In mathematics, the second-level variance components estimates were slightly larger. In particular, the estimated between-teacher variance
components in mathematics achievement ranged from 0.084 and 0.167. The largest
estimates were observed in kindergarten for reading and in first grade for mathematics.
Overall, across grades there is systematic evidence of significant teacher effects.
Now, we discuss the results in regular size classes. The estimated between-teacher
variance components in reading achievement ranged from 0.066 and 0.108. In mathematics, the second-level variance components estimates were slightly larger. In particular,
the estimated between-teacher variance components in mathematics achievement ranged
from 0.093 to 0.127. The largest estimates were observed in kindergarten for reading and
in first and third grades for mathematics. Overall, across grades there is systematic
evidence of significant teacher effects.
The results suggest by and large more pronounced differences in classroom achievement in small classes than in regular size classes, especially in kindergarten and first grade
for reading and mathematics. In reading, the variance estimates of classroom achievement
were also larger between small classes than between regular size classes in Grades 2 and
3. The results in Grades 2 and 3 for mathematics indicated that the variance estimates
between regular size classes were larger than between small classes. Overall, in six out of
a total of eight comparisons the variances between small classes were greater than those
between regular size classes (see Table 6). We determined significant differences between

*p < 0.05.

5770
6393
6056
5987

Number of
Students

0.676*
0.677*
0.695*
0.748*

WithinClassroom
Variance

Reading

325
339
340
336

Number
of
Classes
0.110*
0.081*
0.088*
0.086*

BetweenClassroom
Variance

Two-level residual variance components estimates by grade: total sample.

Kindergarten
First Grade
Second Grade
Third Grade

Table 4.

5852
6596
6044
6065

Number of
Students

0.663*
0.647*
0.671*
0.700*

325
339
340
336

Number
of
Classes

Mathematics
WithinClassroom
Variance
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0.123*
0.131*
0.119*
0.111*

BetweenClassroom
Variance
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0.725*
0.713*
0.699*
0.781*
0.610*
0.648*
0.682*
0.718*

2001
2434
2048
1814

WithinClassroom
Variance

1734
1823
1791
1913

Number of
Students

Reading

99
115
100
89

127
124
133
140

Number
of
Classes

0.108*
0.074*
0.068*
0.066*

0.157*
0.092*
0.081*
0.107*

BetweenClassroom
Variance

2027
2505
2046
1832

1757
1867
1786
1937

Number of
Students

Two-level residual variance components estimates by grade and classroom type (small or regular).

Small Classes
Kindergarten
First Grade
Second Grade
Third Grade
Regular Classes
Kindergarten
First Grade
Second Grade
Third Grade

Table 5.

0.647*
0.610*
0.657*
0.674*

0.733*
0.668*
0.698*
0.726*

99
115
100
89

127
124
133
140

Number
of
Classes

Mathematics
WithinClassroom
Variance
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0.119*
0.121*
0.093*
0.127*

0.150*
0.167*
0.084*
0.096*

BetweenClassroom
Variance
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Small Class
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Reading
Kindergarten
First Grade
Second Grade
Third Grade
Mathematics
Kindergarten
First Grade
Second Grade
Third Grade

Regular Class

N

Variance

N

Variance

F test

p value

127
124
133
140

0.157
0.092
0.081
0.107

99
115
100
89

0.108
0.074
0.068
0.066

1.457
1.249
1.190
1.627

0.025
0.114
0.180
0.007

127
124
133
140

0.150
0.167
0.084
0.096

99
115
100
89

0.119
0.121
0.093
0.127

1.262
1.388
0.898
0.758

0.113
0.038
0.721
0.929

Note: N = sample size.

variance estimates using F tests, and F test values greater than one indicate that the
variance between small classes was larger than that between regular size classes.
Specifically, in kindergarten the F test was significant in reading achievement indicating
significant differences in variance estimates between small and regular size classes. That
is, the between-classroom variance among small classes was significantly larger than that
among regular size classes. In kindergarten mathematics, however, we did not detect any
differences in the variances between small and regular size classes.
In first grade, the F test indicated that in first-grade mathematics the between-classroom
variance estimate among small classes was significantly higher than that among regular size
classes. In first grade reading, however, we did not detect any differences in the variances
between small and regular size classes. Similarly, in the second grade we did not detect any
differences in variances between small and regular size classes. Finally, in third grade the F test
indicated that the between-classroom variance estimates in reading among small classes were
significantly larger than those among regular size classes. By and large, these results provide
some evidence that teacher effects were larger in small classes than in regular size classes.
However, the results do not seem to be systematic. That is, we constructed eight variance
estimates comparisons between small and regular size classes, and although in six of the eight
contrasts the F tests were greater than one, only in three of those occasions were the F tests
significant at the 0.05 level.
Discussion
We investigated whether the effects of teachers vary by classroom size (e.g., small or
regular size classes). Specifically, we determined whether the teacher effects differ in
small and regular size classes in specific grades (i.e., kindergarten through third grade).
We used high-quality data from Project STAR where teachers and students were randomly
assigned to classrooms within schools. The magnitude of teacher effects was captured by
the between-classroom variance in achievement.
The results overall point to systematic evidence that teacher effects in early grades are
significant both in mathematics and reading achievement. The analyses within classroom
type suggested that teacher effects were more pronounced in small than in regular size
classes. The variance estimates in small classes were typically larger, especially in
kindergarten and first grade, than those in regular size classes. In kindergarten, first,
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and third grades, the teacher effects in small classes were typically significantly larger
than the teacher effects in regular size classes. Thus, these results are to some degree in
accord with the notion that teachers’ instructional practices may differ more in small
classes than in regular size classes, and that these differences result in larger differences in
achievement between small classrooms. It is possible that some teachers in small classes
change their instruction and design learning activities accordingly in order to take
advantage of the fact that there are fewer students in the classroom. In contrast, other
teachers may not modify their practices. These differences result in an increased variability of teacher effects in small classes in some grades and partially support the notion
that while some teachers take advantage of the dynamics of small classes, others do not.
In regular size classes, there is also some variability in teacher effects, but by and large the
effects are more consistent in regular size classes than in small classes. The results that
teacher effects estimates in small classes are typically larger in kindergarten and first grade
are in line with the conjecture that, in the first 2 years of elementary school, teachers in
small classes may spent less time on management and discipline issues and more time on
productive instruction and learning activities.
Our findings are congruent with Anderson’s (2000) model and previous empirical
evidence (e.g., Evertson & Randolph, 1989). Indeed, small classes seem to facilitate teacher
effects, but some teachers in small classes in particular, appear to take advantage of the
opportunities presented in small classes to become more effective teachers. Unfortunately,
classroom observations or teacher logs are not available to us, and therefore it is impossible to
know the actual teaching practices that took place in each classroom over the 4-year period.
Still, the results indicate differences in teaching practices between small and regular size
classes.
Further, because of the computation of teacher effects as classroom specific residuals,
it is possible that these estimates include some amount of measurement error. That is, the
results reported here may be affected by measurement error and may overstate or understate the teacher effects. This is a potential limitation of the study. Another potential
limitation of the study is that the teacher effects observed here may not be grade specific
but may be cumulative. For example, second-grade students may experience both the
effects of their kindergarten and first-grade teachers as well as their second-grade teachers.
Thus, it is unclear whether the teacher effects observed in one grade are due to a specific
teacher in that grade or whether they are a combination of teacher effects across grades.
This could be more of a concern in the second and third grades. If the effects of previous
teachers are included in the teacher effects we estimated, then we may have overestimated
the teacher effects especially in the third grade. One could then argue that the best
evidence about teacher effects is in kindergarten.
Moreover, one could argue that our definition of teacher effects is closely related to the
definition of classroom effects, which may include peer effects and classroom dynamics (e.g.,
interactions among students) that are related to the size of the classroom. Previous work has
indicated that in Project STAR the peer effects were overall small, did not affect teacher effects
that much, and did not seem to interact with class size (Konstantopoulos & Sun, 2012). Still, it
is unclear to what degree the teacher effects we have measured are “pure” teacher effects,
because it is possible that they incorporate classroom dynamics that could vary by class size.
Unfortunately, we do not have such data to test this possibility.
In conclusion, the present study showed that teachers matter in early grades and in
classrooms of different sizes. The findings highlight the importance of teacher effects in
early grades regardless of class size. There is, however, some evidence that teacher effects are
more pronounced in small classes in some grades than in regular size classes. Teachers are
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more likely to make a difference in small classes and promote student achievement when they
understand the dynamics and opportunities in small classes and alter their teaching to
maximize student learning.
Notes on contributors
Spyros Konstantopoulos is associate professor of measurement and quantitative methods in the
Department of Counseling, Educational Psychology, and Special Education at Michigan State
University. His research interests include teacher and school effects, class size effects, power
analysis in experimental designs with nested data structures, and multilevel meta-analysis.
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