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Abstract

Co-teaching, in which a general education teacher and special education teacher collabo-

ratively provide instruction to students with and without disabilities in the same classroom, is

widely endorsed as a strategy to give instructional to students with disabilities’ within inclu-

sive environments. We leverage longitudinal administrative data in Massachusetts in order to

provide the first causal estimate for the effect of co-teaching across a large public school sys-

tem. We find that attending a co-taught classroom on average leads to statistically significant

but small test score improvements for both students with and without disabilities.



1 Introduction

About 13.2% of public school students in the United States receive special education (SE) ser-

vices.1 Federal special education law prioritizes two concurrent goals for students with disabilities

(SWDs). Instruction should be individualized – specially designed to meet students’ individual

academic and behavioral needs. At the same time, instruction should be inclusive – ensuring that

SWDs have access to the general education curriculum and a highly-qualified content area teacher.

At $13 billion annually, providing SE services designed to achieve these goals is the second largest

category of federal funding for K12 schools. That SWDs nonetheless achieve substantially worse

educational outcomes than students without disabilities on average has led policymakers to con-

sider alternative strategies.

Co-teaching, in which a general education teacher and special education teacher share

teaching responsibilities for students with and without disabilities in the same classroom (Friend,

2008), has emerged as a common strategy for simultaneously achieving the dual goals. Co-teaching

has gained wide support in the special education literature (e.g., Friend et al., 2010; Friend, 2015)

and is recommended by several state departments of education.2 However, though the logic behind

co-teaching is intuitively appealing, we know little about its impact on student learning. A handful

of studies have examined the effectiveness of co-teaching using quantitative indicators of student

outcomes, with some reporting that it improves SWDs’ test scores by between a quarter and a full

standard deviation (Cook et al., 2011). But these studies all suffer from severe methodological

limitations and/or are limited to only one or a few schools or classrooms (Murawski & Swanson,

2001; Cook et al., 2011).

In this paper, we provide the first causal estimate for the effect of co-teaching on student

test scores across a large public school system. Leveraging longitudinal administrative data on the

universe of public school students and teachers in Massachusetts, we find that attending a co-taught

1National Center for Education Statistics, Digest of Education Statistics, 2017, Table 204.30
2Examples of states promoting co-teaching include Texas (Texas Education Agency, n.d.), Ok-

lahoma (Oklahoma State Department of Education, n.d.) Georgia (Georgia Department of Educa-

tion, n.d.), and California (California Department of Education, 2019).
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classroom on average leads to test score improvements for both students with and without disabil-

ities. However, the magnitude of these positive effects is small relative not only to prior estimates

for the impact of co-teaching but also relative to the impact of other educational interventions

(Kraft et al., 2018).

Our primary identification strategy employs student fixed-effects to hold constant unob-

served factors about each student that do not change over time. The central assumption needed to

interpret our estimates as the causal effect of attending a co-taught classroom is that the timing of

a student’s assignment to a co-taught class rather than a single-teacher class is as good as random.

Thus, our estimates will be biased if students are assigned to co-taught classrooms based on time-

variant factors such as their academic performance the prior year, which seems at least plausible.

We address this issue by comparing our primary estimates to estimates from models that replace

the student fixed-effect with a lagged dependent variable, which assumes that selection bias occurs

due to assignment to a co-taught classroom based on the student’s performance in the prior year.

Following Angrist & Pischke (2008), we argue that the causal effect of attending a co-taught class-

room is bound between the results from these models that make opposing assumptions about the

nature of selection bias. The two approaches produce very similar estimates, and we are able to

rule out the potential that co-teaching has any more than small impacts on student test scores.

In addition to expanding upon the limited prior research on the effect of co-teaching on

student outcomes, our study contributes to several lines of research.

First, our results for the effect of co-teaching add to a surprisingly small but emerging

literature measuring the impact of resource allocation and changes in settings to educate SWDs.

Recent studies have found evidence that receiving special education services causes an increase

in a student’s test scores (Hanushek et al., 2002; Ballis & Heath, 2019a; Schwartz et al., 2019)

and educational attainment (Ballis & Heath, 2019b). In addition, Setren (2019) finds that SWDs

benefit from receiving more general educational services within a high-performing charter school.

Our findings are also relevant to policy conversations surrounding the movement toward

increasing the proportion of SWDs who are educated in general education classrooms. The pro-

portion of SWDs spending at least 80% of instructional time in a general classroom setting has
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increased from 48% in 2001 to 63% today.3 Co-teaching is one approach to educating SWDs in

more inclusive classrooms, but its justification depends on its effectiveness above and beyond the

presence of a single general education teacher. Our findings suggest that the added benefits to

SWDs of including a second classroom teacher are positive but, overall, quite small. Interestingly,

we demonstrate that the estimated effect of co-teaching for both SWDs and students without dis-

abilities is independent from the impact from increasing the proportion of SWDs with whom they

share classrooms.

In addition, given that co-teaching undoubtedly reduces the student-teacher ratio within

a classroom, our results also relate to the expansive literature on the effect of reducing class size on

student educational outcomes. Prior studies that exploit exogenous variation in class size tend to

find short-run improvements in student test scores (Krueger, 2003; Angrist & Lavy, 1999; Hoxby,

2000; Leuven et al., 2008) and non-cognitive outcomes (Dee & West, 2011), though the evidence

on the longer run effects of smaller class sizes is more mixed (Krueger & Whitmore, 2001; Chetty

et al., 2011; Fredriksson et al., 2013; Falch et al., 2017; Leuven & Løkken, 2020; Woessmann &

West, 2006). However, it is important to note that both its supporters and detractors would argue

that co-teaching is not equivalent to dividing a classroom in half. On one hand, advocates for co-

teaching would point out that in addition to placing another adult into the room co-teaching also

leverages the skills of two teachers working collaboratively and exposes all students to a teacher

trained to provide individualized instruction. On the other hand, those skeptical of co-teaching

might argue that in practice often the two teachers do not take equal responsibility for all of the

students in the class but rather one teacher emerges as the lead, and in this case the second teacher

might not contribute as fully as they might if leading their own smaller class.

Finally, our analysis contributes to the wide body of research on policies intended to

improve teacher effectiveness in public schools. The literature documenting the important role

that teachers play in producing student outcomes while in school and later in life has spawned a

variety of educational reforms targeting instructional quality (see for instance Chetty et al., 2014).

The teacher quality literature primarily focuses on the impact of individual teachers (Jones et al.,

3National Center for Education Statistics, Digest of Education Statistics 2017, Table 204.60
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2019) and ways to improve their performance through additional training (for example, Kraft et al.,

2018). Co-teaching is among a class of reforms, such as using technology to aid instruction, that

alter the allocation of resources in a way that could better leverage current teachers’ abilities.

The remainder of this paper proceeds as follows. Section 2 provides a brief introduc-

tion to co-teaching and an overview of existing scholarship on the topic. Section 3 describes the

Massachusetts administrative data. Section 4 outlines our strategy for estimating the impact of

co-teaching on student test scores. Section 5 reports our results. Section 5.3 presents a specifi-

cation test showing that our primary results do not appear to be driven by dynamic selection into

co-taught classrooms. Finally, Section 6 provides a brief summary of results and concludes.

2 Co-Teaching

Co-teaching allows schools to simultaneously meet multiple federal mandates related to educating

SWDs. First, co-teaching allows schools to provide instruction in the least restrictive environment,

as mandated by IDEA (formerly the Education for All Handicapped Children Act). Second, co-

teaching allows schools to satisfy federal requirements associated with standards-based reforms.

The No Child Left Behind Act (2002) included the requirement that SWDs receive instruction from

highly qualified teachers in all academic content areas and make progress in the general education

curriculum. If an SWD were educated by a general educator alone, they may not have adequate

access to differentiated support. And, if an SWD were educated by a special educator alone, they

may not have access to relevant content expertise. Hypothetically, co-teaching allows SWDs to not

have to sacrifice access to either expertise and support (Friend et al., 2010; Conderman, 2011).

While there is an abundant literature base on co-teaching, most prior studies focus on

recommendations for its implementation (e.g., Murawski & Dieker, 2004; Sileo, 2011) using in-

formation from observations of existing co-teaching programs (e.g., Dieker, 2001; Mastropieri

et al., 2005) and interviews and surveys with practicing co-teachers (e.g., Austin, 2001; Keefe &

Moore, 2004). As such, this literature is largely concentrated in two main areas: a) co-teaching
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program logistics4 and b) co-teaching relationships.5

Existing research indicates that co-teaching is widely supported by practitioners. Overall,

surveys and interviews indicate that general education and special education teachers who partici-

pate in co-teaching have positive perceptions of co-teaching (Scruggs et al., 2007) and believe that

it is related to positive outcomes for SWDs (Welch, 2000; McDuffie et al., 2009).

In particular, teachers have described greater academic benefits for students related to

co-teaching over instruction in general education classes taught by a single general educator (e.g.,

Rice & Zigmond, 2000; Austin, 2001). Both general and special education teachers working in co-

teaching situations attribute these academic benefits to the fact that students receive more individ-

ualized attention, teacher time, and assistance with the reduced student-teacher ratio in co-taught

classes (Walther-Thomas, 1997; Trent, 1998; McDuffie et al., 2009). Teachers also report that all

students benefit from the type of instruction offered in co-taught classes, which emphasizes reme-

dial strategies and review (Austin, 2001) and includes support in organization skills and learning

strategies (Trent, 1998).6

4The literature addressing logistical factors that influence the successful implementation of

co-teaching has focused on the importance of establishing and maintaining a strong co-teacher

relationship (e.g., Bessette, 2008; Gately & Gately, 2001; Keefe & Moore, 2004; Mastropieri et al.,

2005; Ploessl et al., 2010). Often referred to as a professional marriage, the relationship between

co-teachers is described as developing and evolving over time as teachers get to know one another

and work together to solve problems and address issues as they arise (Gately & Gately, 2001; Sileo,

2011).
5Based on this work addressing co-teaching logistics and relationships, practitioner-focused

journals are replete with “how-to” articles and books offering recommendations for developing

co-teaching programs (Murawski, 2005; Murawski & Dieker, 2004), planning and implementing

instruction in the co-taught classroom (e.g., Vaughn et al., 1997; Wilson, 2008; Conderman &

Hedin, 2014) maintaining productive co-teaching relationships (e.g., Kohler-Evans, 2006; Sileo,

2011; Pratt, 2014), supervising co-teachers (e.g., Walther-Thomas et al., 1996; Wilson, 2005;

Nierengarten, 2013), and evaluating co-teachers (Murawski & Lochner, 2011).
6General and special education co-teachers have also indicated that co-teaching positively con-
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While largely supported by educators, co-teaching’s effectiveness for improving student

outcomes depends on a key assumption – that the presence of a second adult results in more

individualized learning opportunities for SWDs. Unfortunately, the few observational studies we

have on co-teaching suggests that this is unlikely to occur in practice (Scruggs et al., 2007; Wexler

et al., 2018). A recent observational study (Wexler et al., 2018) raises questions about the quality of

instruction provided in co-taught classrooms. Drawing on over 2,000 minutes of observation in 16

co-taught classrooms, the authors found that little of the time in co-taught classrooms was devoted

to instructional practices known to benefit students and in most cases the roles of special educators

in co-taught classes were limited. As Cook and colleagues (2011) describe: “If co-teachers engage

in ‘business as usual’ with their instruction, we should expect business as usual with students’

outcomes” (p. 155).

The limited research drawing on classroom observation raises some questions about

whether co-teaching is being implemented as intended, but the evidence base regarding its ef-

fectiveness is even more sparse. Few studies of co-teaching have included measures of student

achievement as outcomes and fewer still apply a method capable of producing causal estimates of

treatment effects (Solis et al., 2012). Only three prior studies of co-teaching impacts were experi-

mental and these took place within a single classroom or school (Murawski, 2006; Fontana, 2005).

Other studies evaluating the effect of co-teaching either compared student outcomes across exist-

ing instructional models without random assignment or any sort of natural experiment (McDuffie

et al., 2009; Hang & Rabren, 2009) or included no comparison group (Klinger et al., 1998).

Even if co-teaching were to be shown to be effective, the literature lacks basic infor-

mation that would help guide policymakers. For example, existing research provides little data

tributes to their own professional development, helping them to improve their teaching practice as

they share knowledge and skills and learn from their co-teacher (Walther-Thomas, 1997; Rice &

Zigmond, 2000; Cramer & Nevin, 2006). For example, in semi-structured interviews conducted by

Austin (2001), K-12 special education teachers indicated that co-teaching led to increased content

knowledge and general education teachers indicated that it led to improved classroom management

and curriculum adaptation skills.
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on co-teaching’s prevalence overall as well as its use in different subject areas or grade levels.

Hock and Isenberg (2017) estimate that approximately 21% of students enrolled in tested grades

in Washington DC’s public schools receive instruction from more than one math teacher in a given

year; 7% of these math teachers shared 100% of their students, suggesting they were co-teaching.

We could identify no other published reports on the prevalence of co-teaching.

We also do not know at what level decisions to adopt co-teaching get made. Ultimately,

a child’s individualized education program (IEP) team makes the recommendation for where a

student should receive services. And hypothetically, the decision about whether co-teaching is

appropriate for the student could change on a year-to-year basis. Existing research has not in-

vestigated, though, the extent to which co-teaching placements change across a child’s years of

schooling. Further, the availability of co-teaching is likely constrained by school or district deci-

sions. Implementing co-teaching has implications for the master schedule, including changes to

special educators’ workloads and for supporting common planning time (Murawski & Bernhardt,

2015). Co-teaching is also likely to require professional development for educators, as well as

potential hiring of additional personnel to meet the needs of all students. So, co-teaching may not

be readily available to students without school or district investment of time and resources. It is

worth noting also that we could find no published information on these costs.

We anticipate that the effectiveness of co-teaching might differ when applied in elemen-

tary or secondary classrooms. Because elementary teachers work in the same classroom with the

same group of students each day, they are likely more prone to the kinds of deep, collaborative

co-teaching relationships recommended in the special education literature. This is might be par-

ticularly true in reading instruction, where co-teaching could better foster the kinds of small group

instructional interventions known to support SWDs (see the National Center for Intensive Inter-

vention for a comprehensive list: https://intensiveintervention.org/).

We also explore the effects of co-teaching by student characteristics, including students’

disability subcategories and whether there are differential effects across students with and with-

out disabilities. Existing evidence would suggest that we cannot treat student disability categories

interchangeably; these groups experience different learning trajectories and yearly teacher effects
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(e.g., Gilmour et al., 2019; Gilmour & Henry, 2018; Schulte & Stevens, 2015). Students from

some “high-incidence disabilities” (e.g., specific learning disabilities, speech or language impair-

ment, other health impairment) typically need less individualized support and are more likely to

receive instruction in the general education classroom. Others, including students with autism

and emotional behavioral disorders (EBDs), may need additional support for disruptive behavior

(Crosland & Dunlap, 2012; Harrison et al., 2012; Lane et al., 2006). Importantly, some evidence

suggests that students without disability may exhibit lower academic performance when they have

classmates with disabilities, particularly EBDs (Fletcher, 2010; Gottfried, 2014; Gottfried et al.,

2016; Gottfried & Harven, 2015). By adding another teacher into the classroom, it is feasible that

co-teaching arrangements could mitigate or perhaps even reverse any negative effect of inclusion

on general education students. We are aware of no prior research to date that has specifically

evaluated the effect of co-teaching on the performance of students without disabilities.

2.1 Co-Teaching in Massachusetts

The Massachusetts Department of Elementary and Secondary Education (DESE) has not adopted

co-teaching as a statewide initiative. However, the state encourages the practice. In most cases,

adoption of co-teaching is done at the school level.7

Figures 1 and 2 illustrate the growth in co-teaching within Massachusetts geographically

and over time from 2011 through 2018. The percentage of students taught in co-taught classrooms

increased substantially over this time, with the most substantial gains occurring between 2014 and

2018. As we would expect, a higher proportion of SWDs than students without disabilities are

enrolled in co-taught classrooms. The growth in co-teaching occurred throughout the state.

[FIGURE 1 ABOUT HERE]

[FIGURE 2 ABOUT HERE]
7In addition to the descriptive analysis presented here, we confirmed the basic understanding

of how co-teaching is implemented across the state with officials at DESE.
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In most cases, schools do not adopt co-teaching as a uniform policy that applies to all

students but rather offer a mixture of co-taught and not-co-taught courses. Figure 3 illustrates both

this structure and the increase of co-teaching within Massachusetts over time for SWDs. Each

circle on the figure is a school in a given year. The vertical axis is the percentage of students within

the school that year who are in a co-taught classroom, and the horizontal axis simply ranks the

schools according to their proportion of co-taught students in order to achieve a sloping line. In

2011, more than 90 percent of schools in the state educated no SWDs in co-taught classrooms;

in comparison, in 2018, in nearly 30 percent of schools, at least some students were co-taught.

Few schools employ co-teaching for all or even most of their students. Thus, there is substantial

variation in assignment to co-taught classrooms both across schools over time and within schools

during a given year.

There is also substantial variation in attending a co-taught classroom for particular stu-

dents over time. Table 1 reports the percentage of students we observe in a co-taught classroom

each year separated by the year in which we first observe a student in a co-taught classroom. The

table tracks co-teaching for all students and also separately for SWDs and students without disabil-

ities. To be clear, the table tracks the overall percentage of students within the cohort who are in

co-taught classrooms, and so later years would include students who are co-taught in all prior years

and (most often) students who left co-teaching for one or more years and then found themselves in a

co-taught class again in a later year. The table makes clear that most students who enter a co-taught

class do not remain in that environment for the rest of their academic career. Rather, both SWDs

and students without disabilities move in-and-out of co-taught and single-teacher classrooms.

[TABLE 1 ABOUT HERE]

3 Data

We utilize longitudinal administrative data for the universe of students and teachers from 2007-

2008 through 2017-2018 made available by DESE. In the analyses, we include data only on stu-

dents enrolled in grades three through eight, in which students are administered the statewide stan-
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dardized test in math and ELA, known as the Massachusetts Comprehensive Assessment System

(MCAS).8

The data consists of four separate datasets: Student-level demographic and socioeco-

nomic variables come from the Student Information Management System (SIMS) data, student test

scores in math and ELA come from Massachusetts Comprehensive Assessment System (MCAS)

data, teachers’ job assignment classifications come from Education Personnel Management Sys-

tem (EPIMS) data, and information on student classroom assignments necessary to link students

with their teachers comes from Student Course Schedule (SCS) data. For a detailed description of

the data cleaning process, see the Appendix.

The EPIMS data places employees within 67 distinct job classifications. Among the

seven job classifications categorized as Instructional Staff are separate codes for Teacher and for

Co-Teacher. A teacher is defined as providing instruction, learning experiences, and care to stu-

dents during a particular period or in a given discipline. A co-teacher is defined as a teacher,

equally responsible with another teacher, for providing instruction, learning experiences, and care

to students during a particular time period or in a given discipline. The state separately classi-

fies other instructional staff (e.g. Teacher – support content instruction and Instructional Coach)

as well as other distinct job classifications for employees who provide instructional support (e.g.

paraprofessionals) and special education shared staff (e.g. speech pathologist).

Using these data, we need to construct a student-year-level dataset with student test

scores and indicators for the co-teaching status of the classrooms included. To accomplish the

task, we first filter the EPIMS data to only include educational personnel who are assigned to

math and ELA courses and have a job classified as either “teacher” or “co-teacher”. For primary

school grades, we also keep non-differentiated courses that cover all content instruction. We then

8Students in Massachusetts also take the MCAS in grade 10. We exclude tenth grade for two

reasons. First, because the MCAS is not administered to ninth grade students we observe a break in

the student’s trajectory between grades nine and ten that does not occur in the other grades. Second,

tenth is the only grade we observe in high school, which does not allow us to evaluate whether the

effect of co-teaching in a high school setting differs from elementary or middle school.
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drop observations that correspond to courses taught in alternative education programs to facilitate

merging in the MCAS data. The co-taught classrooms are identified here as multiple teachers be-

ing assigned to a single year-course-section-term observation. We then link the EPIMS data to

the SCS data by year, school, course, section, and term of instruction. We fail to match 0.03% of

staff-course-year observations to any student-course-year observation in the SCS data. We drop

these observations. From there, We merge in student demographic characteristics from SIMS us-

ing the SASID, year, school, and district. Approximately 7% of the sample of student-course-year

observations do not have a corresponding student match in the SIMS data. The majority of these

matching failures occur in 2011, which is the first year the state tracked student course work. We

drop the unmatched observations. We keep one course each in math and ELA for each student-year

observation with a priority to a co-taught course. We then separate the student-subject-year data

to math and ELA samples and merge them with the MCAS data. We fail to match 8% and 9% of

the student-year observations to their test scores in each sample, respectively. We also drop these

unmatched observations.

We emphasize that even in the best case we are not able to observe the practices of teach-

ers working within co-taught classrooms. Prior research suggests wide variability in how teachers

operate within co-taught settings (Murawski & Dieker, 2004; Sileo, 2011). Thus, our findings

should be viewed as the estimated effect of co-teaching on average as implemented statewide in

Massachusetts, which we argue has important implications for both policy and practice. Whether

co-teaching is more or less effective when implemented in particular ways is an area for future

research.

Table 2 reports relevant descriptive statistics for the ELA sample. To provide context

for the sample, the table compares the characteristics of students we observe at least once in a co-

taught classroom to students we never observe in a co-taught classroom. Though there are many

statistically significant demographic differences in the characteristics of students in the narrowly

and broadly defined co-taught classrooms, most are not of a meaningful magnitude. As we discuss

further in the following section, we note here that our identification strategy does not rely on com-

paring students in co-teaching classrooms to those who are never co-taught. Indeed, our primary
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models are restricted to only students who are observed in a co-taught classroom. Thus, while any

differences in the characteristics of students who are ever or never observed in a co-taught class

could speak to the external validity of our findings, they do not directly threaten our identification

strategy.

[TABLE 2 ABOUT HERE]

4 Empirical Method

Our goal is to estimate the causal effect of a student attending a co-taught classroom instead of a

classroom headed by a single teacher on the student’s academic performance as measured by stan-

dardized test scores. Our ideal strategy would compare the later test scores of students who were

randomly assigned to attend a co-taught or single-teacher classroom. However, in practice schools

introduce co-teaching, and students within schools are likely assigned to co-taught classrooms

nonrandomly. We suspect that a naive comparison of the outcomes of students who enrolled in

co-taught and single-teacher classrooms would be biased by two sources of selection. First, there

could be differences in the characteristics and leadership of schools that adopt co-teaching and

those that do not. Second, schools might assign students to co-taught classrooms based on their

academic ability or other attributes.

Our primary identification strategy addresses these potential areas of selection by lever-

aging cross-student variation in the timing of assignment to a co-taught classroom within a re-

gression model that holds constant student and school fixed effects. The model addresses the first

source of selection bias by differencing out variation that is fixed across schools and addresses the

second source of selection by differencing out fixed attributes for each student.

Our preferred regression model takes the form:

yist = α +
J∑

j=1

ψjXist + δi + φs + β coteachist + εist (1)

where yist is the standardized test score of student i while enrolled in school s during year t; δi

and φs are student and school fixed effects; Xit is a vector of time-variant observed character-
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istics for the student; coteachist is a dummy variable indicating whether the student attended a

co-taught classroom; εist is a stochastic term clustered by student; and β, φ, and ψj are parameters

to be estimated. We are primarily interested in the coefficient for β, which under the identifying

assumptions represents the causal effect of attending a co-taught classroom on student test scores.

Because there is reason to believe that the effect of co-teaching could differ for younger

and older students, we also estimate models that incorporate an interaction between co-teaching

and whether a student is enrolled in grades three through five (elem). Formally:

yist = α +
J∑

j=1

ψjXist + δi + φs+

φelemist + β coteachist + λ (coteachist × elemist) + εist (2)

In equation (2), the coefficient for β represents our estimate for the effect of attending a co-taught

classroom in a middle school grade, and the sum of β and λ represents the effect of attending a

co-taught classroom in an elementary grade.

We estimate both equations (1) and (2) separately in samples restricted to include only

SWDs or only students without disabilities. We classify a student as an SWD if at any point in

our data we observe them with an IEP, and thus each student is included in only one sample. In

addition, we restrict the sample to include only students who we observe enrolled in both a co-

taught and a non-co-taught classroom, because students who are only observed in a single setting

play no role in identifying either β or λ, our coefficients of interest, due to the use of the student

fixed-effect.

Both equations (1) and (2) compare a student’s performance in a co-taught class to their

performance in a class that is not co-taught. As we showed on Table X, students tend to move

into and out of co-taught classrooms over time. Thus, the regression does not identify the effect

of co-teaching as a simple before-and-after comparison within an event-study style approach, but

rather takes advantage of variation in exposure to co-teaching within a student over time.

For SWDs, the counterfactual classroom headed by a single teacher might be either a

general education class or a class that is specific to SWDs. We argue that the most interesting coun-
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terfactual is the class that a student would have attended otherwise under the implementation of

co-teaching within the Massachusetts. However, in section 4.2 we discuss an alternative approach

that alters the analysis for SWDs to instead compare attending a co-taught classroom separately to

attending a SE-specific class or a general education classroom. Altering the counterfactual in this

way has almost no impact on the estimated effect of attending a co-taught classroom.

4.1 Identification

Causal interpretation of β and λ relies on the assumption that there are no unaccounted-for time-

variant variables that are correlated both with the timing of a student’s assignment to a co-taught

classroom and their test score at the end of that year. That is, we assume that, conditional on the

other covariates, the timing of assignment to a co-taught classroom in a student’s career is as good

as random. Formally, the identifying assumption for equation (1) is that:

E[yist|Xit, δi, φs, γt, coteachist] = E[yist|Xit, δi, φs, γt] (3)

The most substantial threat to our identification strategy is the possibility that students

are assigned to co-taught classrooms based on time-variant attributes in a way that violates the

central assumption described in equation (3). For instance, administrators might assign a student

to a co-taught classroom after an especially good or bad academic year. Because students move

in-and-out of co-teaching environments we cannot look for a lack of a trend in student outcomes

prior to entering a co-taught classroom as in a conventional event-study analysis. Instead, we adopt

two approaches to evaluate the plausibility that our estimates can be given a causal interpretation.

4.1.1 Regression on Observables

Our first strategy to test our key identifying assumption is to evaluate the relationship between

observed characteristics and the likelihood that a student is assigned to a co-taught classroom. We

are especially interested in the relationship between the student’s ELA score in the prior year and

enrollment in a co-taught classroom both because it is the dependent variable in our main regres-

sions and thus selection on prior test scores would be especially troublesome for our identification
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strategy, and also because it is the only time-variant characteristic that we observe in the data and

thus is not directly accounted for when we estimate equations (1) or (2).

[TABLE 3 ABOUT HERE]

[TABLE 4 ABOUT HERE]

Tables 3 and 4 report the results from regressions that use observed student characteristics

to predict the probability that a student is enrolled in a co-taught class in a given year for samples

restricted to only SWDs and only students without disabilities, respectively. In order to investigate

the structure of the relationships between the variables, we estimate models that include various

forms of fixed effects.

Columns (3) and (4) show the results from models that use a within-school compari-

son to measure the relationship between student characteristics and probability of enrolling in a

co-taught classroom. The several significant coefficients suggest differences in the demographic

characteristics of students within a school who are enrolled in a co-taught classroom. Though in-

teresting, these significant differences are not worrisome for giving a causal interpretation to the

results from equations (1) and (2) because each of these characteristics are time-invariant and thus

accounted for in the student fixed-effect. More potentially troublesome for our identification strat-

egy, however, is that these models do find a significant relationship between prior ELA score and

enrolling in a co-taught class. However, the magnitude of the effect is quite small, suggesting that

a 1 standard deviation increase in test scores for an SWD reduces the likelihood of enrolling in a

co-taught classroom by less than a percentage point (0.723 percentage points).

The regression in Column (5) best matches the primary estimates by applying both stu-

dent and school fixed effects. This model is also similarly restricted to include only students who

are ever observed in a co-taught classroom because they are the only students who contribute to

identification when a student fixed-effect is incorporated. In this approach we no longer observe

a significant relationship between the prior year’s ELA score and the likelihood that the student is

enrolled in a co-taught class.
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We interpret the lack of a strong association between the previous year’s test score and

assignment to a co-taught classroom conditional on other covariates shown on Tables 3 and 4 as

suggesting that it is likely that there is little or no selection bias due to non-random timing in the

assignment to a co-taught class in our models. The results from our second strategy for evaluating

the potential for selection to bias our primary estimates lead to a similar interpretation.

4.1.2 Bounding the Effect of Co-Teaching

Our second strategy for addressing the potential that dynamic sorting into co-taught classrooms bi-

ases our primary estimates is to calculate a bound for the causal effect of co-teaching by comparing

the results from equation (2) with estimates from a regression that makes an opposing assumption

about the nature of selection bias. This approach follows the suggestion of Angrist & Pischke

(2008).

We estimate models that replace the student fixed-effect with a vector of observed time-

invariant student characteristics (Zi) and the student’s test score in the respective subject at the

end of the prior year. Directly controlling for the student’s test score in the previous year leads

the model to estimate the effect of attending a co-taught classroom on student test score gains.

Formally:

yist = α+
J∑

j=1

ψjXist+ φs+ χyis(t−1)+ χZi+φelemist+β coteachist+ λ (coteachist×elemist)+εist

(4)

In contrast to the assumption underlying our primary approach, causal interpretation of β

and λ resulting from equation (4) relies on the assumption that assignment to a co-taught classroom

is essentially random conditional on the student’s test score in the prior year. That is, the effect is

identified under the condition that:

E[yist|Xit, Zi, yis(t−1), φt, γs, coteachist] = E[yist|Xit, Zi, yis(t−1), φt, γs] (5)

Since they rely on essentially opposing assumptions about the nature of selection bias,
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the estimates from equation (2) and equation (4) produce a bound for the causal effect of enrolling

in a co-taught classroom on student test scores. The intuition here is that if students are sorted into

co-taught classrooms based on inherent time-invariant characteristics then β and λ are accurately

identified in equation (2); if students are sorted into co-taught classrooms based on the prior year’s

performance then β and λ are identified in equation (4); and if there is selection on both fixed and

time-variant attributes, then the true effect of co-teaching will fall between the estimates from the

two equations.9

4.2 Investigating Heterogeneous Effects and Alternative Explanations for

Estimated Effect of Co-Teaching

We estimate additional versions of equations (1) and (2) in order to demonstrate the robustness of

our estimates to some potential alternative explanations for the result. First, we explore hetero-

geneity by student gender and race/ethnicity. For SWDs we also evaluate whether the effect differs

according to a student’s particular disability classification.

Schools are often motivated to adopt co-teaching by the desire to include SWDs in gen-

eral education classrooms along with students without disabilities. From a policy perspective, it is

not obvious whether it is more relevant to isolate the effect of co-teaching from the effect of attend-

ing a more inclusive classroom setting. Thus, in addition to our primary estimates we report results

from models that include controls for the characteristics of other students in the classroom, includ-

ing the percentage of students who receive special education services. As we will see, controlling

for classroom characteristics has almost no impact on our estimates for the effect of co-teaching.

Thus, we treat the more parsimonious model that excludes these variables as our primary analysis

and use this preferred specification for all subsequent analyses.

In order to address the potential concern that attending a co-taught classroom might

9Unfortunately, as Angrist & Pischke (2008) show, a model that includes both a student fixed-

effect and a lagged dependent variable requires much stronger assumptions in order to lead to a

causal interpretation. Thus, we do not report the results from such models.
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coincide with a student being tracked into a more or less advanced course (Duflo et al., 2011), we

estimate models that include indicators for particular course designation (e.g. Algebra I, Remedial

English, etc.). In addition, we also estimate models that distinguish the effect of co-teaching from

classrooms headed by a single teacher but include other instructional staff including a control for

whether the classroom includes a paraprofessional or other classroom aide.

Finally, we estimate models that alter the counterfactual used to compare against the

performance of SWDs within co-taught classrooms. The estimate for β derived from equation (1)

represents the average effect of attending a co-taught class for SWDs relative to the single-teacher

classroom that they would have attended otherwise. For SWDs, this counterfactual classroom

might be either a general education classroom that they share with students without disabilities

or a more isolated SE-specific classroom. However, for SWDs the effect of attending a co-taught

class might differ by whether the alternative is attending a general or a SE-specific classroom.

To address this issue, we estimate equation (1) for the SWD sample but add a variable indicating

whether the student is enrolled in a SE-specific classroom. For these analyses, we limit the sample

to include only students who are observed at some point attending a specifically SE classroom. For

these models, the omitted comparison group is a general education classroom headed by a single

teacher.

Unfortunately, there is not a direct way to isolate SE classrooms in the data. Thus,

we apply several potential definitions to identify SE classrooms, guided by previous literature on

SWDs (Gilmour & Wehby, 2020). We report analyses that define a SE classroom as a class with

only a single teacher (that is, not co-taught) and A) 80% or more students have an IEP or the

teacher’s job code is specific to teaching students with disabilities B) 80% or more students have

an IEP or 25% of or more students with IEP and teacher’s job code is specific to teaching students

with disabilities C) 40% or more students have an IEP.
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5 Results

Table 5 reports estimates for the average impact of attending a co-taught classroom on student

math and ELA scores by grade level for both SWDs and students without disabilities. These

regressions follow equations (1) or (2) and include student and school fixed effects. The first two

columns evaluate the effect of co-teaching for SWDs, and the next two columns report the results

for students without disabilities. Columns 3 and 6 add controls for the demographics of students in

the classroom, including the percentage of students who have a disability and its interaction with

whether the student has a disability. For analyses that interact co-teaching by grade level, the row

at the bottom of each analysis reports the p-value testing the null hypothesis that the sum of the

coefficients on Co − Teaching and Co − Teaching × Elementary (i.e. the estimated effect of

co-teaching in elementary grades) is equal to zero. In order to aid comparison of the effects within

these interacted models, Figure 4 illustrates the estimated effect and 95% confidence intervals from

the regressions reported in Columns 2 and 5.

[TABLE 5 ABOUT HERE]

[FIGURE 4 ABOUT HERE]

We find that on average SWDs benefit from enrolling in a co-taught classroom by about

0.015 standard deviations in ELA and about 0.026 standard deviations in math. The effect of

co-teaching is similar in both elementary and middle school grades. However, on the math test,

SWDs in middle school grades benefit from co-teaching significantly more than in elementary

grades, though the magnitude of the difference (0.022 standard deviations) is small.

For SWDs, in all grade levels and subjects the estimated effect of co-teaching is positive

and statistically significant. However, the magnitude of the positive effect on SWDs’ test scores

is also quite modest. For SWDs, the estimated effects from the primary regressions range from

0.013 standard deviations for elementary grades in math to 0.035 standard deviations in middle

school math. In each case not only the coefficient but also the height of the 95% confidence

interval remains within the range considered “small” by Kraft et al. (2018)’s recently proposed
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taxonomy for interpreting effect sizes in educational research. For additional context, on the 2019

administration of the National Assessment of Educational Progress eighth grade math test, within

public schools on average SWDs scored about 1.1 standard deviations below students without

disabilities both across the U.S. and within Massachusetts.10

We also find a small (0.012 standard deviations) but statistically significant benefit from

attending a co-taught classroom for students without disabilities on average in math, but no sig-

nificant effect in ELA when all grades are considered together. When we estimate the effect of

co-teaching by grade level separately, in math we find positive effects of 0.013 and 0.010 stan-

dard deviations respectively in secondary and elementary grades, but in ELA a precisely estimated

null effect in elementary grades and a very small negative effect of -0.006 standard deviations in

secondary grades.

Columns (3) and (6) of Table 5 report the results from models that add controls for the

characteristics of students in a class. Adding these controls has very little impact on the estimated

effect of co-teaching on student test scores. This pattern suggests that the effect of co-teaching is

independent of the effect of the change in the characteristics of students in the general classroom

setting, including the percentage of SWDs in the class.

5.1 Investigating Heterogeneity in the Effect of Co-Teaching

Tables 6 and 7 investigate whether the effect of co-teaching differs by student gender or race/ethnicity

for SWDs and students without disabilities, respectively. For SWDs, the results hint at the poten-

tial for some heterogeneity in the effect of co-teaching across student characteristics, but in no case

is the difference between respective coefficient estimates statistically significant. In particular, the

estimated effect in middle school grades appears potentially larger in ELA for females (0.028 stan-

dard deviations) than for males (0.006) and in elementary grades for Black students (0.051) than

for white students (0.007), but the reduced precision of these models due to the additional sample

restrictions lead each of these differences to be insignificant.

10Author calculations using data from the National Assessment of Educational Progress.
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[TABLE 6 ABOUT HERE]

[TABLE 7 ABOUT HERE]

Figure 5 illustrates the results from models that separately measure the effect of attend-

ing a co-taught classroom for students with different disability classifications. We only separate

the effect of co-teaching by grade level when evaluating students classified as having a Specific

Learning Disability (SLD) because there are too few observations in the other categories to pro-

duce meaningful estimates. We estimate a positive effect from co-teaching within each disability

category. Several of the estimates are statistically significant despite the reduced precision. The

coefficient estimates are fairly similar within each subject and across the disability classifications.

In each case, we characterize the coefficient (though not in all cases the top of the confidence

interval) as “small” in magnitude (Kraft et al., 2018).

[FIGURE 5 ABOUT HERE]

5.2 Investigating Alternative Explanations for the Effect of Co-Teaching

Table 8 reports the results from models that investigate some alternative explanations for the effect

of co-teaching on student test scores. Columns (1) and (3) report estimates from models that add

to the primary analysis a fixed-effect for the student’s course (e.g. Algebra I), which is meant to

account for the potential that assignment to a co-taught classroom is associated with tracking into

more or less difficult courses. Columns (2) and (4) report the results from models that add to the

main analysis an indicator for whether the class included another instructional staff member (e.g. a

paraprofessional). The results from these analyses do not differ meaningfully from those reported

in Table 5. The lone potential difference is that adding a control for the student’s particular course

somewhat reduces the estimated effect of co-teaching for SWDs. However, in no case does the

estimate reported on Table 8 differ significantly from the respective estimate reported on Table 5.

Further, notice that adding these controls has little to no effect on value for the r-squared compared

to the primary results.
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[Table 8 ABOUT HERE]

Table 9 reports the results that compare student achievement within co-taught classrooms

separately to attending either a SE-specific or a general education classroom with a single teacher.

To do so, these models add to equation (2) an indicator for if the student is enrolled in a SE-specific

class headed by a single teacher and its interaction with if the student is in an elementary grade.

The omitted comparison group in these models is thus attending a general education (i.e. not SE-

specific) classroom headed by a single teacher. Recall that because there is no clear way to identify

SE-specific classrooms in the data we estimate models in which we identify such classes in one

of three ways. The results do not meaningfully depend upon which strategy we use to identify

SE-specific classrooms.

The results from analyses that separate SE-specific classrooms from general education

classrooms with a single teacher are quite similar to the respective primary analyses reported in

the first column of Table 5. In only one case is there a significant difference between the effect of

attending a SE-specific class and attending a general education class with a single teacher. Thus,

it is not surprising that despite the change in the counterfactual comparison group in no case does

the estimated effect of attending a co-taught class reported on Table 9 differ significantly from

the respective estimate from the main specification. Indeed, the furthest that estimated effect of

co-teaching within the two models differs (in ELA for students in middle school using the second

SE-specific class definition) is by only 0.005 standard deviations.

[TABLE 9 ABOUT HERE]

5.3 Binding the Causal Effect of Co-Teaching

Figure 6 illustrates the results from our specification test comparing estimates from student fixed

effects model (equation 2) with those from models that instead control for observed student de-

mographics and a lagged dependent variable (equation 4). Recall that the purpose of this test is to

create a bound for the causal effect of co-teaching by estimating models that make opposing as-

sumptions about the nature of selection bias due to non-random sorting of students into co-taught
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classrooms.

[FIGURE 6 ABOUT HERE]

The feasible range for the effect of co-teaching is quite small. Indeed, the 95% confi-

dence intervals overlap in six of the eight comparisons shown on Figure 6, and in only three cases

is the coefficient estimate for at least one of the models not contained within the 95% confidence

interval of the other.

However, though the estimates are often not distinguishable across the two models, in

some cases the comparison between the results from the two models does alter the interpretation for

the effect of co-teaching. That is largely because the estimated effect within the primary analysis

is often so small that even the marginal decline in the estimate leads the coefficient in the lagged

dependent variable model to drop below zero. For example, the finding from the primary analysis

that SWDs in middle school benefited from enrolling in a co-taught class on the math exam is called

into question because the lagged dependent variable analysis yields a negative but statistically

insignificant coefficient.

Notably, both the student fixed-effect and lagged dependent variable approaches produce

positive and statistically significant estimates for SWDs in elementary grades in ELA and in both

grade levels on the math tests. Thus, the result that attending a co-taught classroom causes small

improvements for SWDs remains intact following this specification test. For students without dis-

abilities, both models find a small positive effect in elementary math, a small negative effect in

middle school ELA, and a positive but insignificant effect in elementary ELA. What is perhaps

most important about the results illustrated on Figure 6 from a policy perspective is that our anal-

ysis can confidently rule out that attending a co-taught classroom has more than a small impact,

positive or negative, on the test scores of either SWDs or students without disabilities.

6 Summary and Conclusion

We draw upon longitudinal administrative data from Massachusetts to produce the first causal

estimate for the effect of co-teaching on student academic performance within a large public school
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system. Overall, our results suggest that attending a co-taught classroom leads to statistically

significant but small test score benefits for both SWDs and students without disabilities. The results

are fairly robust to estimates that employ an opposing assumption about the nature of selection into

a co-taught classroom.

Importantly from a policy perspective, we demonstrate that even if one questions the

identification assumption of our primary approach, the feasible range for the effect of co-teaching

rules out the potential that co-teaching has more than a modest impact (positive or negative) on stu-

dent test scores relative to both current conventions (Kraft et al., 2018) and prior estimates for the

effect of co-teaching that were based on much more limited data. Indeed, for each analysis within

the bounding exercise, even the most extreme points on the confidence interval would indicate

effects that are well below estimated effects from prior studies that have guided policymakers in

this area. Thus, though our results are overall positive for co-teaching within a broad context, they

do not appear consistent with the enthusiasm that surrounds it in the special education literature.

Neither do the results provide a clear justification for deploying what are likely to be additional re-

sources and personnel that co-teaching requires, nor the large number of states that have endorsed

co-teaching as the preferred service delivery model.

That our analysis of co-teaching occurs within the context of a large public school system

is arguably both our study’s most valuable contribution and its most substantial limitation. Pro-

ponents of co-teaching might reasonably argue that our finding of a small positive effect is muted

by schools and teachers that have moved students into classrooms that have multiple teachers, but

where teachers do not apply the best practices necessary for co-teaching to be effective. Such an

interpretation is consistent with prior findings that in most cases co-teaching in practice does not

match the idealized version recommended by its advocates (Scruggs et al., 2007). From a policy

perspective, however, our finding that co-teaching as it is currently implemented across a state has

at best modest positive academic effects is highly relevant within Massachusetts and other juris-

dictions that broadly encourage co-teaching as a service delivery model. Whether our results are

driven by limitations that are inherent to co-teaching or the impact of co-teaching could improve

by more consistent application of best practices is an important area for future research.
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When interpreting our findings it is also important to keep in mind that our analysis is

limited to considering the immediate effects of co-teaching on student test scores. However, some

of the most important justifications for moving SWDs into inclusive classroom settings, which co-

teaching is often meant to facilitate, are not academic but social. If co-teaching were to improve

the social skills and friendships of SWDs then it might be worthwhile even if it does not lead to

substantial test score improvements. However, it is not clear why co-teaching itself would have

positive effects on the socialization of SWDs independent of creating inclusive classroom settings.

Finally, we will note that unfortunately co-teaching is not the only example of a pol-

icy or practice targeted to improving the outcomes of SWDs that has gained widespread public

acceptance within the special education literature and among policymakers despite little rigorous

research on its effects in general and even less evidence for its impact at scale. Our paper is one of a

few recent studies that use large administrative data to measure causal effects within the context of

special education Schwartz et al. (2019); Ballis & Heath (2019b); Setren (2019). We complement

this emerging literature. And we encourage the field to continue building a more robust evidence

base surrounding the services schools provide to this especially vulnerable group of student.
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Figures

Figure 1: Change in the Share of Co-Taught Students by Massachusetts School Districts

Note: This figure displays the share of co-taught students in 2011 and 2018 by Massachusetts school
districts in the ELA and math samples we used to estimate the effect of co-teaching. The school districts
with the darkest color have more than 70% of the students co-taught in the subject.
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Figure 2: Change in the Share of Co-Taught Students: ELA Sample
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Note: This figure plots the share of co-taught students each year in the ELA sample. Dots are the total
share of co-taught students. Triangles are the share of co-taught SWDs. Squares are the share of co-taught
students without disabilities.

35



Figure 3: Share of Co-Taught SWDs within Schools: ELA Sample
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Note: This figure plots the share of co-taught students within each school in the ELA sample. The circles,
diamonds, and triangles represent the share of co-taught students in each school in the years 2011, 2015,
and 2018, respectively. The x-axis plots the percentiles of the within-year distribution of the share of
co-taught students.
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Figure 4: Effect of Co-Teaching by Grade Levels
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Note: This figure documents the effect of co-teaching in the ELA and Math samples separately for SWDs
and students without disabilities. Circles are the effect of co-teaching in grades three through five.
Triangles are the effect of co-teaching in grades six through eight. Vertical bars represent 95% confidence
intervals. For the numerical values underlying this figure, see Table 5.
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Figure 5: Effect of Co-Teaching by Special Education Classification
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Note: This figure documents the effect of co-teaching for SWDs by special education classifications.
Circles are the effect of co-teaching on standardized ELA scores. Triangles are the effect of co-teaching on
standardized Math scores. Vertical bars represent 95% confidence intervals. The effect of co-teaching for
the students with specific learning disabilities in elementary and middle grades are separately estimated
and reported on the right end. For the numerical values underlying this figure, see Table B1.
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Figure 6: Effect of Co-Teaching: Student Fixed Effect and Lagged Dependent Variable
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Note: This figure illustrates the specification test results. Circles are the estimated effects of co-teaching
from the student fixed effects model. Triangles are the estimated effects of co-teaching from the model
with controls for observed student demographics and a lagged dependent variable. “Elementary” indicates
grades from three through five. “Middle” indicates grades from six through eight. Vertical bars represent
95% confidence intervals. For the numerical values underlying this figure, see Table B2.
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Tables

Table 1: Share of Co-Teaching by Students’ First Co-Taught Year: ELA Sample

Share of Co-Taught Students

2011 2012 2013 2014 2015 2016 2017 2018

First Co-Taught Year SWD Sample

2011 1 0.29 0.18 0.14 0.12 0.11 0.17 0.13
2012 - 1 0.30 0.21 0.17 0.14 0.13 0.15
2013 - - 1 0.29 0.18 0.14 0.16 0.19
2014 - - - 1 0.36 0.18 0.17 0.25
2015 - - - - 1 0.26 0.21 0.28
2016 - - - - - 1 0.36 0.28
2017 - - - - - - 1 0.35
2018 - - - - - - - 1

Students Without Disabilities Sample

2011 1 0.13 0.063 0.052 0.051 0.069 0.042 0.033
2012 - 1 0.20 0.085 0.10 0.052 0.042 0.030
2013 - - 1 0.16 0.11 0.056 0.082 0.066
2014 - - - 1 0.27 0.11 0.080 0.12
2015 - - - - 1 0.19 0.13 0.17
2016 - - - - - 1 0.21 0.13
2017 - - - - - - 1 0.21
2018 - - - - - - - 1

Note: This table describes the share of co-taught students each year by the students’ first co-taught years
in the ELA sample. The upper panel reports the shares for SWDs, and the lower panel reports the shares
for students without disabilities.
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Table 2: Descriptives: ELA sample

Co-taught Never Co-taught Difference

(1) (2) (3)
Female 0.474 0.495 -0.021***

(0.001)
White 0.781 0.831 -0.050***

(0.001)
Black 0.179 0.115 0.065***

(0.001)
Hispanic 0.203 0.169 0.034***

(0.001)
Asian 0.067 0.078 -0.011***

(0.000)
Free Lunch 0.415 0.318 0.097***

(0.001)
Reduced Lunch 0.045 0.039 0.007***

(0.000)
SWD 0.301 0.212 0.089***

(0.001)
Autism 0.016 0.013 0.004***

(0.000)
Communication 0.046 0.031 0.015***

(0.000)
Emotional 0.017 0.012 0.004***

(0.000)
Health 0.037 0.024 0.013***

(0.000)
Neurological 0.015 0.010 0.005***

(0.000)
Specific Learning 0.092 0.059 0.034***

(0.000)
ELA Score -0.202 0.071 -0.274***

(0.002)
Math Score -0.204 0.072 -0.276***

(0.002)
Classroom Size 23.098 22.344 0.754***

(0.011)
Observations 514968 2539974 3054942

Note: This table presents the summary statistics for the ELA sample. Column (1) reports the mean of the
variable for students who are observed at least once in a co-taught classroom. Column (2) reports the mean
for students who are never observed in a co-taught classroom. Column (3) reports the difference of the two.
Standard errors from the t-test on the equality of means are reported in the parentheses. *** p < 0.01, **
p < 0.05, * p < 0.1.
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Table 3: Regression on Observables: Co-Teaching, SWD, ELA Sample

Co-Teaching

(1) (2) (3) (4) (5)

Lagged Co-Teaching 0.304*** 0.304*** 0.123*** 0.117***
(0.003) (0.003) (0.003) (0.003)

Lagged ELA Score -0.008*** -0.006***-0.002
(0.000) (0.000) (0.003)

Female 0.000 0.002**
(0.001) (0.001)

Hispanic -0.005*** 0.003***
(0.001) (0.001)

Black 0.023*** 0.002*
(0.001) (0.001)

Asian -0.003* 0.002
(0.002) (0.002)

Free Lunch 0.006*** -0.003***
(0.001) (0.001)

Reduced Lunch 0.008*** -0.004**
(0.002) (0.002)

Observations 472273 447238 472259 447220 101534
r2 0.070 0.074 0.248 0.257 0.454

School FE No No Yes Yes Yes
Student FE No No No No Yes

Note: This table presents the estimates of regressing co-teaching on observables in the ELA sample,
restricted to SWDs. “Lagged Co-Teaching” takes a value of 1 if a student was in a co-taught ELA
classroom in the previous year. “Lagged ELA Score” is the student’s standardized ELA test score in the
previous year. Standard errors are clustered at the student level and reported in the parenthesis. ***
p < 0.01, ** p < 0.05, * p < 0.1.

42



Table 4: Regression on Observables: Co-Teaching, Students without Disabilities, ELA Sample

Co-Teaching

(1) (2) (3) (4) (5)

Lagged Co-Teaching 0.185*** 0.182*** 0.041*** 0.041***
(0.002) (0.002) (0.002) (0.002)

Lagged ELA Score -0.007*** -0.005*** -0.004*
(0.000) (0.000) (0.002)

Female 0.001* 0.000
(0.000) (0.000)

Hispanic 0.006*** 0.003***
(0.001) (0.001)

Black 0.026*** 0.002***
(0.001) (0.001)

Asian 0.003*** 0.001**
(0.001) (0.001)

Free Lunch 0.005*** 0.001
(0.000) (0.000)

Reduced Lunch 0.002* -0.002**
(0.001) (0.001)

Observations 1597437 1577540 1597422 1577524 237616
r2 0.028 0.032 0.194 0.195 0.373

School FE No No Yes Yes Yes
Student FE No No No No Yes

Note: This table presents the estimates of regressing co-teaching on observables in the ELA sample,
restricted to students without disabilities. “Lagged Co-Teaching” takes a value of 1 if a student was in a
co-taught ELA classroom in the previous year. “Lagged ELA Score” is the student’s standardized ELA test
score in the previous year. Standard errors are clustered at the student level and reported in the parenthesis.
*** p < 0.01, ** p < 0.05, * p < 0.1.

43



Table 5: Effect of Co-Teaching by Grade Levels

Standardized Test Scores

(1) (2) (3) (4) (5) (6)

English Language Arts

Co-Teaching 0.015*** 0.013*** 0.013** -0.001 -0.006** -0.003
(0.004) (0.005) (0.005) (0.002) (0.003) (0.003)

Co-Teaching × 0.004 0.004 0.010** 0.008*
Elementary (0.008) (0.008) (0.004) (0.004)

Observations 143351 143351 143351 340656 340656 340656
r2 0.778 0.778 0.778 0.807 0.807 0.808
F Test p-values

Co-Teach + Interaction = 0 0.000 0.004 0.004 0.000 0.236 0.173

Mathematics

Co-Teaching 0.026*** 0.035*** 0.036*** 0.012*** 0.013*** 0.012***
(0.004) (0.005) (0.005) (0.002) (0.003) (0.003)

Co-Teaching × -0.022***-0.023*** -0.003 -0.003
Elementary (0.008) (0.008) (0.004) (0.004)

Observations 129668 129668 129668 285687 285687 285687
r2 0.793 0.793 0.793 0.845 0.845 0.845
F Test p-values

Co-Teach + Interaction = 0 0.000 0.037 0.035 0.000 0.001 0.006

Sample SWD SWD SWD No SWD No SWD No SWD
Student FE Yes Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes Yes
Class Demographics No No Yes No No Yes
SWD Share No No Yes No No Yes
SWD Share × SWD No No Yes No No Yes

Note: This table presents the effect of co-teaching on standardized ELA and Math scores. “Co-Teaching”
takes a value of 1 if a student was in a co-taught classroom in the subject area. The sample is restricted to
students enrolled in grades three through eight that we observe in a co-taught class in the subject area at
least once. “Elementary” takes a value of 1 if a student is below grade six. In columns (1) to (3), the
sample is restricted to SWDs. In columns (4) to (6), the sample is restricted to students without disabilities.
Standard errors are clustered at the student level and reported in the parenthesis. *** p < 0.01, **
p < 0.05, * p < 0.1.
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Table 6: Effect of Co-Teaching by Demographics: SWD Sample

Standardized Test Scores

(1) (2) (3) (4) (5)

English Language Arts

Co-Teaching 0.028*** 0.006 0.019***-0.008 0.005
(0.008) (0.007) (0.006) (0.012) (0.012)

Co-Teaching × -0.011 0.011 -0.012 0.059*** 0.021
Elementary (0.013) (0.010) (0.009) (0.019) (0.017)

Observations 52583 90623 114873 26552 30359
r2 0.786 0.778 0.782 0.750 0.753
F Test p-values

Co-Teach + Interaction = 0 0.080 0.033 0.317 0.000 0.049

Mathematics

Co-Teaching 0.029*** 0.038*** 0.038*** 0.016 0.023**
(0.007) (0.006) (0.005) (0.012) (0.011)

Co-Teaching × -0.010 -0.028***-0.026***0.009 -0.034*
Elementary (0.012) (0.010) (0.008) (0.019) (0.018)

Observations 48490 81020 105196 23064 26136
r2 0.783 0.800 0.796 0.755 0.751
F Test p-values

Co-Teach + Interaction = 0 0.059 0.210 0.085 0.105 0.429

Sample Female Male White Black Hispanic
Student FE Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes

Note: This table presents the effect of co-teaching on standardized ELA and Math scores for SWDs by
demographics. “Co-Teaching” takes a value of 1 if a student was in a co-taught classroom in the subject
area. The sample is restricted to students enrolled in grades three through eight that we observe in a
co-taught class in the subject area at least once. “Elementary” takes a value of 1 if a student is below grade
six. Standard errors are clustered at the student level and reported in the parenthesis. *** p < 0.01, **
p < 0.05, * p < 0.1.
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Table 7: Effect of Co-Teaching by Demographics: Students without Disabilities Sample

Standardized Test Scores

(1) (2) (3) (4) (5)

English Language Arts

Co-Teaching 0.001 -0.013***-0.007** -0.016** 0.009
(0.004) (0.004) (0.003) (0.008) (0.008)

Co-Teaching × 0.004 0.017*** 0.011** -0.001 -0.010
Elementary (0.006) (0.006) (0.005) (0.011) (0.010)

Observations 177151 163359 264267 57743 64617
r2 0.807 0.804 0.801 0.795 0.800
F Test p-values
Co-Teach + Interaction = 0 0.284 0.378 0.184 0.017 0.864

Mathematics

Co-Teaching 0.006* 0.021*** 0.009*** 0.018*** 0.006
(0.004) (0.004) (0.003) (0.007) (0.007)

Co-Teaching × 0.002 -0.007 0.002 -0.016 -0.004
Elementary (0.006) (0.006) (0.005) (0.011) (0.010)

Observations 150304 135210 223040 48666 53735
r2 0.847 0.846 0.840 0.826 0.829
F Test p-values
Co-Teach + Interaction = 0 0.053 0.003 0.001 0.799 0.857

Sample Female Male White Black Hispanic
Student FE Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes

Note: This table presents the effect of co-teaching on standardized ELA and Math scores for students
without disabilities by demographics. “Co-Teaching” takes a value of 1 if a student was in a co-taught
classroom in the subject area. The sample is restricted to students enrolled in grades three through eight
that we observe in a co-taught class in the subject area at least once. “Elementary” takes a value of 1 if a
student is below grade six. Standard errors are clustered at the student level and reported in the parenthesis.
*** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 8: Effect of Co-Teaching: Alternative Specifications

Standardized Test Scores

(1) (2) (3) (4)

English Language Arts

Co-Teaching 0.006 0.015*** -0.008*** -0.005*
(0.005) (0.005) (0.003) (0.003)

Co-Teaching × 0.002 0.003 0.008* 0.009**
Elementary (0.008) (0.008) (0.004) (0.004)

Observations 143348 143351 340654 340656
r2 0.780 0.778 0.808 0.807
F Test p-values

Co-Teach + Interaction = 0 0.181 0.003 0.901 0.250

Mathematics

Co-Teaching 0.028*** 0.040*** 0.013*** 0.014***
(0.005) (0.005) (0.003) (0.003)

Co-Teaching × -0.020***-0.026*** -0.003 -0.004
Elementary (0.008) (0.008) (0.004) (0.004)

Observations 129663 129668 285682 285687
r2 0.794 0.793 0.846 0.845
F Test p-values

Co-Teach + Interaction = 0 0.188 0.028 0.001 0.002

Sample SWD SWD No SWD No SWD
Student FE Yes Yes Yes Yes
School FE Yes Yes Yes Yes
Course FE Yes No Yes No
Helper FE No Yes No Yes

Note: This table presents the effect of co-teaching on standardized ELA and Math scores using alternative
specifications. In columns (1) and (3), we include specific course fixed effects. In columns (2) and (4), we
include the indicators for having additional instructional staff members in the classroom. “Co-Teaching”
takes a value of 1 if a student was in a co-taught classroom in the subject area. The sample is restricted to
students enrolled in grades three through eight that we observe in a co-taught class in the subject area at
least once. “Elementary” takes a value of 1 if a student is below grade six. Standard errors are clustered at
the student level and reported in the parenthesis. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 9: Effect of Co-Teaching: by Special Education Classroom

English Launguage Arts Mathematics

(1) (2) (3) (4) (5) (6)

Co-Teaching 0.008 0.008 0.010* 0.034*** 0.036*** 0.035***
(0.007) (0.007) (0.006) (0.006) (0.006) (0.005)

Co-Teaching × 0.010 0.012 0.006 -0.020* -0.021* -0.014*
Elementary (0.011) (0.012) (0.009) (0.011) (0.011) (0.009)

Sped Class 0.004 -0.002 0.003 0.008 0.007 0.000
(0.007) (0.007) (0.005) (0.006) (0.006) (0.005)

Sped Class × -0.023** -0.013 -0.006 -0.014 -0.010 -0.009
Elementary (0.011) (0.011) (0.008) (0.011) (0.011) (0.008)

Observations 83171 80037 122546 74511 71957 111954
r2 0.763 0.761 0.767 0.772 0.768 0.777
F Test p-values

Co-Teach + Interaction = 0 0.048 0.038 0.030 0.123 0.123 0.005
Sped Class + Interaction = 0 0.048 0.128 0.700 0.518 0.748 0.176
Sped Class Definition Type 1 Type 2 Type 3 Type 1 Type 2 Type 3
Student FE Yes Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes Yes

Note: This table presents the effect of co-teaching on standardized ELA and Math scores with special
education classroom controls. Each column represents models using different ways of identifying special
education classrooms. In columns (1) and (4), a special education classroom is identified when the teacher
has a job assignment of special education or when the share of IEP students is higher than 80%; In columns
(2) and (5), a special education classroom is identified when the teacher has a job assignment of special
education and the share of IEP students in the class is higher than 25% or when the share of IEP students is
higher than 80%; In columns (3) and (6), a special education classroom is identified when the share of IEP
students is higher than 40%. “Co-Teaching” takes a value of 1 if a student was in a co-taught classroom in
the subject area. The sample is restricted to students enrolled in grades three through eight that we observe
in a co-taught class in the subject area at least once. “Elementary” takes a value of 1 if a student is below
grade six. Standard errors are clustered at the student level and reported in the parenthesis. *** p < 0.01,
** p < 0.05, * p < 0.1.
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Appendices
A Data Appendix

A.1 SIMS Data

The SIMS data comes from information transmitted from school districts to the state of Mas-

sachusetts. The data is reported to the state 3 times per year. We used only the information as

reported in spring of the relevant academic year. The unit of observation in these data files is the

student. After standardizing variable names to be common across years, we merged the files to

generate a panel data set at the student-year level. From there, we resolved inconsistencies in the

labeling of the data. For example, the gender variable sometimes coded males as “M” and others

as “m”; we ensured such coding was common across all years.

A.2 MCAS Data

The state of Massachusetts provided MCAS data for the spring test administration spanning the

years 2008 through 2018. After standardizing variable names across years, we merged the files

into a panel data set at the student-year level. For the years 2008-2014 and 2017-2018, we use raw

MCAS scores and standardize them within year and grade to have mean 0 and standard deviation 1.

For the years after 2015, some students in the state took Partnership for Assessment of Readiness

for College and Careers (PARCC) test, some took MCAS, and others took both. For these years, we

take the raw MCAS scores wherever available. The state was unable to locate raw PARCC scores

for this study. For the 2015 test we used PARCC to MCASS concordance scores and for the 2016

test, we used PARCC theta scores.11 Within each of these years, we standardized the test scores

at the test-type (raw MCAS, PARCC concordance, PARCC theta) and grade level to have mean 0

and standard deviation 1. In addition, we control for test-type (raw MCAS, PARCC concordance,

PARCC theta) in the relevant value-added and school quality specifications. For years 2017 and

11These are transformed versions of the raw scores meant to adjust for question difficulty using

techniques from item response theory.
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2018, we only use the MCAS scores.

A.3 EPIMS Data

The EPIMS data comes from information transmitted from school districts to the state of Mas-

sachusetts. The unit of observation in this data is a teacher-school-course-section-term. After

standardizing variable names, we merged the files into a single data set at the teacher-year-school-

course-term level. From there, we resolved inconsistencies in the data. For example, the gender

variable sometimes coded males as “M” and others as “m”; we ensured such coding was common

across all years.

A.4 SCS Data

The SCS data come from information transmitted from school districts to DESE. Prior to 2011,

the state did not collect data on student coursework. The unit of observation in this data is a

student-school-course-section-term. After standardizing variable names, we merged the files into

a single data set at the student-year-school-course-section-term level. This data came to us with

consistent year-to-year coding and required virtually no cleaning after merging. The research

assistant working on this project was very excited about this development.
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B Additional Tables

Table B1: Effect of Co-Teaching by Demographics: SWD Sample

ELA Math

(1) (2) (3) (4)

Autism 0.021 0.022
(0.017) (0.016)

Communication 0.037*** 0.017*
(0.009) (0.009)

Emotional 0.022 0.028*
(0.017) (0.017)

Health 0.014 0.037***
(0.011) (0.010)

Neurological 0.022 0.037**
(0.017) (0.016)

Specific Learning 0.030*** 0.020** 0.045*** 0.042***
(0.007) (0.009) (0.006) (0.008)

Specific Learning 0.001 -0.001
× Elementary (0.016) (0.015)

Observations 143351 42585 129668 39025

Note: This table documents the effect of co-teaching for SWDs by special education classifications. The
sample is restricted to SWDs enrolled in grades three through eight that we observe in a co-taught class in
the subject area at least once. In columns (2) and (4), we further restrict to students with specific learning
disabilities and interact the effect of co-teaching with elementary grades. Standard errors are clustered at
the student level and reported in the parenthesis. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table B2: Effect of Co-Teaching: Student Fixed Effect and Lagged Dependent Variable

Standardized Test Scores

(1) (2) (3) (4) (5) (6)

English Language Arts

Co-Teaching 0.013***-0.005 -0.009 -0.006** -0.008** -0.018***
(0.005) (0.006) (0.007) (0.003) (0.004) (0.004)

Co-Teaching × 0.004 0.026*** 0.033** 0.010** 0.011** 0.038***
Elementary (0.008) (0.010) (0.014) (0.004) (0.006) (0.008)

Observations 143351 108204 76582 340656 256711 177380
r2 0.778 0.546 0.482 0.807 0.589 0.542
F Test p-values
Co-Teach + Interaction = 0 0.004 0.007 0.050 0.236 0.504 0.005

Mathematics

Co-Teaching 0.035*** 0.014*** 0.010 0.013*** -0.006* -0.013***
(0.005) (0.005) (0.006) (0.003) (0.003) (0.004)

Co-Teaching × -0.022***0.010 0.009 -0.003 0.016*** 0.029***
Elementary (0.008) (0.010) (0.014) (0.004) (0.006) (0.008)

Observations 129668 97903 70175 285687 215431 150656
r2 0.793 0.576 0.508 0.845 0.672 0.615
F Test p-values
Co-Teach + Interaction = 0 0.037 0.004 0.141 0.001 0.030 0.036

Sample SWD SWD SWD No SWD No SWD No SWD
Student FE Yes No No Yes No No
School FE Yes Yes Yes Yes Yes Yes
Prior Year Score No Yes No No Yes No
Two Year Prior No No Yes No No Yes

Note: This table reports the specification test results. In columns (1) and (4), the student fixed effects
model is used. In columns (2) and (5), the model with controls for observed student demographics and a
lagged dependent variable is used. In columns (3) and (6), the model with controls for observed student
demographics and a two-year-lagged dependent variable is used. “Co-Teaching” takes a value of 1 if a
student was in a co-taught classroom in the subject area. The sample is restricted to students enrolled in
grades three through eight that we observe in a co-taught class in the subject area at least once.
“Elementary” takes a value of 1 if a student is below grade six. In columns (1) to (3), the sample is
restricted to SWDs. In columns (4) to (6), the sample is restricted to students without disabilities. Standard
errors are clustered at the student level and reported in the parenthesis. *** p < 0.01, ** p < 0.05, *
p < 0.1.
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Suggested Citation: Jones, N., & Winters, M.A. (2020). Are two teachers better than one? The effect of co-teaching 
on students with and without disabilities (Working Paper 2020-1). Boston, MA: Wheelock Educational Policy Center. 
Available at wheelockpolicycenter.org.
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