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The literature examining the impact of teachers unions on education is very large
and diverse. We meta-analyze the literature on the wage impacts of teachers unions to
try to draw out general findings, the importance of empirical model specification, and
samples. A key finding of this study is that the average wage impact estimated by the
included papers is modest, around 2%–4.5%. Our findings also suggest that the quality
of an empirical strategy significantly affects the size of the estimated impact. We find
that teachers union wage impacts have varied over time. The largest impacts appear
to be following the rapid expansion of teacher unionism in the 1970s. Finally, we gain
new insight into the goals of teachers unions by using the increased statistical power of
meta-analytic techniques to show that unions increase the wages of new teachers and
not just senior teachers. (JEL J51, I21, I30)

Publicly, the impact of teachers unions on edu-
cation is a hotly debated topic. Opponents posit
that teachers unions constrain the ability of pub-
lic officials to implement policy change, raise the
cost of providing quality education, and divert
funds from students. Since the 1970s, stimu-
lated both by the 1966 Coleman Report and the
increase in teacher unionization, social scien-
tists have been interested in the role of teachers
unions in the production of education. There has
been substantial research on the role of teach-
ers unions, both in economics1 and education
literature. This research explores the multitude
of effects teachers unions may have including
wage impacts, changes to overall expenditures,
changes in the quality of teachers in a district,
changes to the components of collective bar-
gaining agreements (CBA), effects on student
achievement, and class size effects.

In this paper, we conduct a meta-analysis
of the oldest and largest subgroup of teachers
union research, the differential wage impacts of

Merkle: Assistant Professor, Department of Economics,
Auburn University, Auburn, AL 36849. Phone 334-844-
2920, Fax 334-844-4615, E-mail jsh0036@auburn.edu

Phillips: Visiting Assistant Professor, Department of Eco-
nomics, University of Florida, Gainesville, FL 32611.
Phone (352) 392-5017, Fax (352) 392-7860, E-mail
michellephillips@ufl.edu

1. The wage impact of labor unions has been a topic of
general interest in labor economics since the 1960s. See Lewis
(1986) for a review of the early literature on union wage
impacts.

unions. Beyond the fact that this literature is
large enough to be credibly analyzed with meta-
analytic techniques, teachers’ wages account for
approximately 60% of current expenditures in
public schools.2 Our objective is to synthesize
the research to date and report any general con-
clusions. We are interested in the magnitude of
union wage impacts to establish whether union
wage effects are of primary importance.

Another method used to summarize the liter-
ature on teachers union wage impacts is to con-
duct a standard literature review. Freeman (1986),

2. U.S. Department of Education, National Center for
Education Statistics, Common Core of Data (CCD), “Na-
tional Public Education Financial Survey,” selected years
2000–2001, 2005–2006, 2009–2010, and 2010–2011. See
Digest of Education Statistics 2013, Table 236.60.

ABBREVIATIONS

AFT: American Federation of Teachers
CBA: Collective Bargaining Agreement
CCD: Common Core of Data
COG: Census of Governments
CPH: Census of Population and Housing
CPS: Current Population Survey
IPP: Impact Per Publication
NBER: National Bureau of Economic Research
OLS: Ordinary Least Squares
RVE: Robust Variance Estimation Methods
SASS: School and Staffing Survey
SES: Socioeconomic Status
SJR: SCImago Journal Rank
SNIP: Source Normalized Impact Per Paper
WLS: Weighted Least Squares
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Lewis (1986), and Ehrenberg and Schwarz (1986)
use this approach. Lewis finds that studies esti-
mate a teachers union wage gap in the range
of −1%–21%.3 From prior research, he sug-
gests that increasing these measures by 3% would
give a more accurate estimate of the union effect
because fringe benefits are not included in the
measure of compensation used in the included
studies. This summary of results does not con-
sider the accuracy of the estimated wage gaps and
it is not clear how statistically insignificant results
are treated. Our paper furthers the review of the
literature by including more recent studies, stud-
ies with both significant and insignificant wage
effects, and combining results across studies to
increase statistical power. In an effort to appro-
priately interpret the combined evidence on the
teachers union wage gap, literature reviews often
spend substantial effort evaluating the empiri-
cal methods of the included studies and making
a judgment about how much weight we should
assign to their results. The value of meta-analytic
techniques is that we can specify moderators
that capture differences in the studies’ empirical
methods and comment on whether these differ-
ences produce significantly different results.

I. COLLECTION OF STUDIES

The studies were collected between February
11 and April 8, 2014. We performed a compre-
hensive search of the literature including both
published and working papers. First, we identi-
fied a set of 136 possible studies by searching
WebofScience, JSTOR, EconLit, GoogleScholar,
the NBER Working Papers Series, researchers’
curriculua vitae, the reference lists of relevant
papers, and literature reviews. These studies were
amassed using the following search terms in each
database: teacher* union*, teacher* wages, col-
lective bargaining, teacher* salary, and public
sector unions.4 We used four inclusion crite-
ria for studies: (1) the study contains original
empirical research, (2) the study contains a wage
equation, (3) the sample includes both union-
ized and nonunionized districts, and (4) the study
examines the U.S. teacher labor market.5

3. See Table 14, S295.
4. A list of these studies is available upon request.
5. We are aware of Dolton and Robson (1996), but have

elected to exclude it because it utilizes data on England
and Wales. The role of teachers unions may be substantially
different in the United Kingdom than in the United States.
In an earlier draft of the paper, we included their study. The
results are unchanged and the study received very little weight

We created the inclusion criteria to mitigate
“factual heterogeneity,”6 that is, to be sure that
we are examining the same phenomenon. From
the original set of 136 studies, only 19 studies
meet our inclusion criteria. These studies yield
77 estimates of union wage effects. Table 1 pro-
vides summaries of all the papers included in
our sample.

The first two criteria are self explanatory. The
third criteria, however, necessitates discussion.
Studies that include only unionized districts use
covariate(s) of interest that capture union strength
rather than union presence. While these studies
tell us that unionization status does not conform
well to a treatment and control paradigm, they do
not show how unionized districts perform rela-
tive to nonunionized districts. Research on union
strength is present in both older and newer papers.
Ehrenberg and Chaykowski (1988) use data on
700 school districts in New York State repre-
sented by the American Federation of Teachers
(AFT). Their covariates of interest are the pres-
ence of particular provisions in a district’s col-
lective bargaining contract. Strunk (2011) uses a
more refined measure of union strength, that is,
“contract restrictiveness,”7 to examine the effects
of union strength on student achievement. She
also includes only unionized districts. Although
research on the heterogeneity of teachers unions
is part of untangling their impact on public educa-
tion, these papers are excluded from this analysis
because they do not provide evidence of union
wage effects. Without knowing that unionization
status has monotonic effects on outcomes, pro-
gressing in the order of no union, weak union,
strong union, these studies cannot be used to
infer union effects.8 Eberts and Stone (1985)
aptly describe their research which includes only
unionized districts by stating that the hypothesis
they are testing “is affirmed for similar individu-
als who work for equally prosperous employers
(and who, in a collective bargaining context, are
members of equally strong unions).”9

in the analyses because of its small sample size. We also
excluded Moore and Raisian (1987) because the paper did not
include any sample sizes.

6. This term is taken from Nelson and Kennedy (2009).
7. Strunk uses an item response framework to generate

a measure of contract restrictiveness. Like the scoring of a
standardized exam, she uses the sample of collective bargain-
ing contracts to determine the percentile rank of a particular
contract.

8. Han (2012) has evidence that shows that the strength
of the legal environment does not have monotonic effects on
salaries. See Table 4, column 1.

9. See 279.
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TABLE 1
Summary of Included Studies

Author (Year) and Journal Summary of Study

Baugh and Stone (1982).
Industrial and Labor Relations
Review.

Data source: CPS 1974–1975 and 1977–1978, national sample of school teachers.
Unit of observation: Teacher.
Type of econometric model(s): (a) First difference (b) OLS cross sectional.
Measure(s) of dependent variable: (a) Log (hourly wage 1974/hourly wage 1975) (b) Log

(hourly wage 1977/hourly wage 1978) (c) Log (hourly wage).
Measure(s) of unionization: Union member. Estimates obtained from this study: 2

Cowen (2009). Journal of
Education Finance.

Data source: SASS 1999–2000 and Common Core of Data (CCD), 2005–2006, districts
in 14 states (includes only with more than 10% of districts estimated as bargaining or
nonbargaining).

Unit of observation: District.
Type of econometric model(s): (a) OLS cross sectional (b) state fixed effects.
Measure(s) of dependent variable: ln(total expenditures paid as teachers’ salaries)
Measure(s) of unionization: Collective bargaining. Estimates obtained from this study: 1

Duplantis, Chandler, and Geske
(1995). Economics of
Education Review.

Data Source: Several, including: Survey of superintendents, Bureau of the Census, and
Department of Labor, 1992, 88 districts in 11 states.

Unit of observation: District.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: Ln (average teachers’ salary)
Measure(s) of unionization: Existence of CBA.
Estimates obtained from this study: 1

Freeman and Valletta (1988).
NBER book chapter.

Data Source: CPS, 1984, nationally representative sample.
Unit of observation: Teacher.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: ln(hourly wage)
Measure(s) of unionization: (a) Legal index (b) CBA.
Estimates obtained from this study: 2

Gyourko and Tracy (1991).
Research in Labor Economics.

Data source: Census of Population, 1980, nationally representative sample in 131 cities.
Unit of observation: Teacher.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: ln(weekly wage)
Measure(s) of unionization: (a) Strong duty-to-bargain law (b) weak duty to bargain (c)

percent organized.
Estimates obtained from this study: 3

Han (2012). Job Market Paper. Data source: SASS and School District Finance Survey 2007–2008, National (includes
roughly 1/3 of all public school districts).

Unit of observation: Several, including teacher and district.
Type of econometric model(s): (a) Weighed OLS (b) clustered, mixed effects.
Measure(s) of dependent variable: (a) Log(base salary) (b) log(max salary)
Measure(s) of unionization: (a) Union member (b) union density (c) collective bargaining

(d) meet and confer.
Estimates obtained from this study: 19

Hirsch, Macpherson, and Winters
(2011). Unpublished draft.

Data source: (a) CPS 2000–2009 (b) SASS 1999–2000.
Unit of observation: Teacher.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: (a) ln(hourly earnings) (b) ln(salary)
Measure(s) of unionization: (a) CBA (b) collective bargaining law index.
Estimates obtained from this study: 4

Hoxby (1996). Quarterly Journal
of Economics.

Data source: District data from COG (1972, 1982, 1992), Unionization Measure from
COG, NEA Negotiating Agreement Provisions, and Perry and Wildman, Demographic
Data and high school dropouts from Census, NBER Public Sector Collective
Bargaining Law Data Set, 1972, 1982, 1992, national 95% of independent school
districts in the USA.

Unit of observation: District.
Type of econometric model(s): (a) Cross section (b) first difference (c) diff-in-diff (d) IV

diff-in-diff.
Measure(s) of dependent variable: log(average teacher salary/1,000 in current dollars)
Measure(s) of unionization: Collective bargaining exists, a contractual agreement exists,

and 50% of teachers unionized.
Estimates obtained from this study: 1

Kasper (1970). Industrial and
Labor Relations Review.

Data source: Several including unpublished reports of the NEA/AFT and personal mail
survey. State-level data, 50 states plus DC, 1966–1967, 1967–1968.

Unit of observation: State.
Type of econometric model(s): (a) OLS, cross sectional (b) 2SLS.
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TABLE 1
Continued

Author (Year) and Journal Summary of Study

Measure(s) of dependent variable: (a) Average statewide teacher salary (b) arithmetic
mean of teacher salaries 1966–1967 and 1967–1968 (c) ratio of 1967–1968 teacher
salary to 1967 average police entrance salary.

Measure(s) of unionization: (a) Proportion of teachers represented by an organization (b)
proportion of school districts which had representation (c) proportion of state teachers
covered by formal CBAs (d) proportion of teachers represented by NEA (e) proportion
of teachers represented by AFT.

Estimates obtained from this study: 2

Kleiner and Petree (1988).
Chapter in NBER book.

Data source: State-level sample, data from Census and author collected information on
teachers union membership and licensing laws, 1972–1982, 50 states.

Unit of observation: State.
Type of econometric model(s): (a) OLS, cross sectional (b) fixed effects.
Measure(s) of dependent variable: log(average teacher wages).
Measure(s) of unionization: (a) Percent members (b) percent covered by contracts.
Estimates obtained from this study: 2

Lentz (1998). Journal of
Collective Negotiations in the
Public Sector.

Data source: District-level data in Illinois from Illinois State Board of Education and
School District Data Book, 1989–1990, for (a) Illinois (b) Chicago Metro Area (c)
Rural and Suburban Illinois.

Unit of observation: District.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: Salary plus hospitalization and life insurance for

teacher and families.
Measure(s) of unionization: Existence of CBA.
Estimates obtained from this study: 1

Lipsky and Drotning (1973).
Industrial and Labor Relations
Review.

Data source: Hand-collected data on New York State, 1968–1969, New York State, 441
districts with contracts and 255 without.

Unit of observation: District.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: (a) Salary paid to 1st year teacher with a BA (b) salary

paid to a teacher with 7 years experience and BA+ 30 hours (c) salary paid to a teacher
with 11 years experience and BA+ 60 credit hours (d) mean salary.

Measure(s) of unionization: Existence of CBA.
Estimates obtained from this study: 8

Lovenheim (2009). Journal of
Labor Economics.

Data source: Hand-collected teachers’ union certification dates for Iowa, Indiana, and
Minnesota, COG, Census, 1972–1991.

Unit of observation: District.
Type of econometric model(s): (a) Diff-in-diff (b) fixed effects.
Measure(s) of dependent variable: (a) ln(real average monthly salary) (b) log(average

teacher salary/1,000 in current dollars).
Measure(s) of unionization: (a) State has a duty to bargain law (the treatment group is

states without duty to bargain) (b) union certification election.
Estimates obtained from this study: 4

Retsinas (1982). American
Educational Research Journal.

Data source: 37 school districts that constitute Rhode Island. Data from RI Association of
School Committee, RI Dept of Education, Moody’s rating, RI Dept of Community
Affairs, RI Dept of Elderly affairs 1973–1974, 1974–1975, 1977–1978.

Unit of observation: District.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: Salary index.
Measure(s) of unionization: Number of members.
Estimates obtained from this study: 3

Stoddard (2005). Economics of
Education Review.

Data source: 5% public use microdata sample 1980 and 1990 US Census, nationally
representative sample.

Unit of observation: Teacher.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: Yearly wage.
Measure(s) of unionization: (a) Dummy= 1 if administration has duty to meet, agency

shops are permitted, or union shops are permitted (b) teacher union index that ranks
legal environment.

Estimates obtained from this study: 4

Tracy (1988). NBER working
paper.

Data source: Varies, CPS, Census, 1977, 1980.
Unit of observation: Teacher.
Type of econometric model(s): (a) OLS (b) GLS.
Measure(s) of dependent variable: ln(wage).
Measure(s) of unionization: (a) Meet and confer (b) duty to bargain, no strikes or

arbitration (c) duty to bargain, access to strikes or arbitration.
Estimates obtained from this study: 6
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TABLE 1
Continued

Author (Year) and Journal Summary of Study

West and Mykerezi (2011).
Economics of Education
Review.

Data source: Varies, Teacher Rules, Roles and Rights (TR3) compiled by National
Council for Teacher Quality, SASS, 2006–2007, National.

Unit of observation: District.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: ln(starting wage).
Measure(s) of unionization: Collective bargaining.
Estimates obtained from this study: 2

Winters (2011). Industrial and
Labor Relations Review.

Data source: Schools and Staffing Survey, School District Demographic System, Bureau
of Labor Statistics, 1999–2000, 48 contiguous states.

Unit of observation: District.
Type of econometric model(s): (a) OLS, cross sectional (b) spatial model.
Measure(s) of dependent variable: (a) log(base salary for 20 years experience and a

master’s degree) (b) log(base salary for no teaching experience and a bachelor’s
degree).

Measure(s) of unionization: (a) Collective bargaining (b) meet and confer (c) share of
districts in the state with CBA (d) state union membership.

Estimates obtained from this study: 8

Zwerling and Thomason (1995).
Journal of Labor Research.

Data source: Main data source is a national sample of districts from 1984,
Administrator-Teacher Survey of the National Longitudinal Survey: High School and
Beyond, 1984, nationally representative, 186 schools w/unions and 77 schools w/o
unions.

Unit of observation: School.
Type of econometric model(s): OLS, cross sectional.
Measure(s) of dependent variable: (a) ln(highest salary in school) (b) ln(lowest salary in

school).
Measure(s) of unionization: (a) Collective bargaining (b) union density at state level.
Estimates obtained from this study: 5

NEA, National Education Association; 2SLS, two-stage least squares

A critical part of any analysis of estimates of
the teacher union wage gap is an understanding
that studies are measuring the wage gap in very
different settings. A general theory of public sec-
tor unions, and/or teachers unions particularly,
has been hard to pin down. The only paper we
are aware of that proposes an explicit theoretical
model is Babcock and Engberg (1997). Gregory
and Borland (1999) lay out important factors to
consider when examining the effect of a wage
bargaining institution. Drawing on the classifi-
cation of Maguire (1993), the three key factors
appear to be: geographic scope, the form of the
wage setting process, and the right of an organiza-
tion to be the exclusive representative of a block
of employees.10

At the most fundamental level, a union is
interested in maximizing the well-being of its
constituents. Teachers unions often negotiate for
increases in teacher pay, reduced class sizes, bet-
ter work environments, curriculum reforms, and
the method of teacher evaluation. The empirical

10. See Section III.C of Gregory and Borland (1999) for
a discussion of these factors.

literature has not arrived at a general consensus
on most bargaining outcomes. There is some
convincing evidence that teachers unions reduce
the likelihood that a pay-for-performance scheme
will be implemented in the district (Goldhaber
et al. 2008). A union may have purely rent seek-
ing goals or they may internalize student learn-
ing to some degree through a paternalistic view
of their students. Even if a union is purely rent
seeking, their behavior may have desirable conse-
quences for the students affected. Findings on the
productivity impacts of teachers unions are still
mixed (see, e.g., Allen 1986; Eberts and Stone
1985; Hoxby 1996; Milkman 1997; Pantuosco
and Ulrich 2010). For instance, if unions suc-
cessfully negotiate for reduced class sizes, this
can have positive impacts on student learning
and adult outcomes (Chetty et al. 2011). Even
increases in teacher salaries may cause districts to
employ more qualified teachers or increase their
dismissal of unsuccessful teachers before tenure
binds (Han 2015).

Part of the literature we survey attempts to
identify the type of teachers that are served by
the unions by examining the differing impacts on
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new and senior teachers earnings (Han 2012; Lip-
sky and Drotning 1973; West and Mykerezi 2011;
Winters 2011; Zwerling and Thomason 1995).
The consensus is that teachers unions increase the
earnings of senior teachers, but not new hires. In
the subsequent analysis, we check this result and
gain new insight through the increased statistical
power afforded by meta-analytic techniques.

One of the concerns when constructing a
meta-analysis data set is the independence of
within- and between-study estimates. Meta-
analysis practitioners are usually concerned
about between-study dependence when more
than one study is produced by the same team
of researchers or from the same data source.
The first concern is not generally an issue in
economics. The second source of between-
study dependence is also not likely, given that
each study’s dataset is compiled from multiple
sources. There are three cases where a pair of
studies use the same data source. The Census
of Governments (COG) for 1972–1992 is a
common source for wage and demographic data
in Lovenheim (2009) and Hoxby (1996).11 The
1980 Census of Population and Housing (CPH)
is used in Kleiner and Petree (1988) and Tracy
(1988). Both Baugh and Stone (1982) and Tracy
(1988) gather data from the 1977 Current Pop-
ulation Survey (CPS). The selection of districts
from the COG in Hoxby (1996) and Lovenheim
(2009) is very different due to the unioniza-
tion measure each employs. Lovenheim’s study
focuses on districts in three midwestern states.
Hoxby’s study is nationally representative of
independent districts in the United States. The
CPH and CPS are both random samples of the
U.S. population.

Many meta-analyses deal with within-study
dependence by selecting only one estimate from
a study. Given the variety of data and measures
of unionization utilized within some of these
studies, we first select multiple estimates from a
study based on the following criteria and then use
robust variance estimation methods (RVE) to deal
with any dependence between effect sizes.12 We
select estimates if the measure of unionization is
significantly different13 or the data source differs

11. Hoxby (1996) also uses it as source for her
unionization measure.

12. See Tanner-Smith and Tipton (2014) and Hedges,
Tipton, and Johnson (2010) for a discussion of this method.

13. For instance, Han (2012) uses four measures of
unionization in separate empirical models; the presence of a
collective bargaining agreement, the presence of a meet and
confer agreement, union membership, and union density.

across specifications.14 In Han (2012), we choose
each measure of unionization and each estimate
coming from a mutually exclusive legal environ-
ment.15 The intention of this currently unpub-
lished study is to examine the heterogeneity of
union effects across legal environments. There-
fore, Han (2012) contributes a large number of
estimates to our analysis. We are sensitive to the
weight provided to this study and conduct sensi-
tivity analyses to check its impact on our results.
In the majority of the papers sampled, multiple
empirical specifications are presented that utilize
the same data and measure of unionization. In this
case, we begin by selecting the authors preferred
specification. If the author does not state their
preference, then we randomly select one of the
estimates. We also perform a sensitivity analysis
by selecting only one estimate at random from a
study to check the robustness of our results.

The RVE method mitigates any within-study
dependence by reweighting the individual-study
estimates such that an estimate coming from
a study that contributes multiple estimates will
have less weight than a estimate that is the sole
contribution of a study. The weights used are
explained in Section III.

II. EMPIRICAL METHODS OF INCLUDED STUDIES

The studies included all contain a wage
equation of the form

(1) wage = α + βunion + Xγ + ε

where either the teacher, district, or state is the
unit of observation. Wage is a measure of a
teacher’s salary, union is a measure of union-
ization, X is a vector of observables included
to control for selection bias, and ε is the error.
All of the papers justify their specification of (1)
based on conceptual considerations and institu-
tional knowledge of school districts. The papers
vary in how they measure wages and union-
ization status, as well as the set of included
covariates. As a result, the estimates of β

(
β̂
)

cannot be directly compared. We use the stan-
dard meta-analytic technique of converting these
into partial correlation coefficients to facilitate

14. For instance, the West and Mykerezi (2011) study
contributes two estimates because they use the Teacher Rules,
Roles and Rights data compiled by the National Council for
Teacher Quality, as well as the Schools and Staffing Survey
compiled by the Bureau of Labor Statistics.

15. Legal environments range from states that prohibit
collective bargaining to those that explicitly protect its use.
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comparison.16 The majority of studies use the
district as the unit of observation. This is a reason-
able choice since the union intervention occurs at
the district level and district-level data are read-
ily available.

Wage is generally specified as the natural log-
arithm of a teacher’s hourly wage to allow the
coefficients on the measure of unionization to be
read as percentage changes. Transforming wages
by taking the natural logarithm has been found
to fit the data well where returns to schooling are
estimated.17 Fifty-eight of the 78 estimates spec-
ify wage as the natural logarithm of wages. A
subgroup analysis shows no statistically signifi-
cant difference in the mean effect size based on
whether a specification uses a logarithmic trans-
formation of the wage. Empirical models that
specify the dependent variable as the natural log-
arithm of wages have an effect size of 0.033 com-
pared with 0.025 for studies that do not transform
wage data in this way.

Another important variation for our purposes
is whether a study measures the average wage of
teachers in the district (or state), the wage earned
by new teachers, or the wage earned by experi-
enced teachers. It is these type of differences in
the measurement of wage that lead us to follow
the standard meta-analytic technique of calculat-
ing partial correlation coefficients to summarize
the empirical results.

Partial correlation coefficients can readily be
calculated from statistics reported in all empiri-
cal papers that use regression. One of the benefits
of partial correlation coefficients is that they are
unit free and, therefore, allow the comparison of
results across the heterogeneous specifications. A
partial correlation coefficient is one type of effect
size measure. As we only utilize partial correla-
tion coefficients, we use the term partial correla-
tion coefficient and effect size interchangeably.

Union is also measured in different ways by
researchers. There are generally three strategies
for measuring unionization: (1) the presence of
a CBA, (2) union membership/coverage, and
(3) characteristics of the legal environment. The
presence of a CBA is the most common measure-
ment of unionization (accounting for 42.8% of
the estimates surveyed). This is likely the result
of a long history of similar specifications used
to estimate union wage gaps in the private sec-
tor. Unionization of a district, however, does not

16. See Djankov and Murrell (2002) for a similar
application.

17. See Lemieux (2006).

necessarily result in a CBA. This distinction is
unimportant if a large percentage of unionized
districts have CBAs.

The 2011–2012 School and Staffing Survey
(SASS) reports that the percentage of public
school districts in the United States with a CBA is
50.2%. The remaining half of districts either have
no agreement (40%), a meet-and-confer agree-
ment (8.4%), or some other, nonbinding form
of agreement (1.4%).18 It would be helpful to
have a measure of the percentage of districts that
are unionized in the United States, as well as
the percentage of students educated in unionized
districts. We are not aware of good nationwide
measures of either of these. Data from the COG,
such as the 1972–1992 data used by Hoxby
(1996), is not available for recent years. Hoxby
reports that in 1992, 59% of districts in the United
States (covering 69% of students) had meet-and-
confer provisions in place, 52% (covering 63%
of students) reported the use of collective bar-
gaining as the form of negotiations, and 36%
(covering 43% of students) met her definition of
unionization (had a CBA, collective bargaining
was the form of negotiations, and at least 50%
of teachers belonged to the teachers’ organiza-
tion). This suggests that measuring unionization
in other forms may be of considerable importance
to understanding the link between unionization
and teachers’ wages.

Lovenheim (2009) presents evidence that in
three states, Iowa, Indiana, and Minnesota, with
duty-to-bargain laws 100% of districts that union-
ize successfully obtain a CBA. This, however,
does not account for union activity in states with
no collective bargaining law and states that pro-
hibit collective bargaining. Moe (2011) shows
that in Alabama, a state without a collective bar-
gaining law, 84% of teachers report being mem-
bers of the union. Estimates of the impact of
unionization on wages in these environments are
an important part of the population of interest.

Measuring unionization by membership or
coverage captures unionization that is not rep-
resented by the presence of a CBA. These two
measures of unionization are distinct from one
another. To see this distinction, consider two
states, state A and state B, each with two dis-
tricts containing an equal number of teachers. If
teacher membership for state A is 70% in one

18. See Table 7. Moe (2011, 48) reports the percentage
of teachers covered by collective bargaining agreements and
adjusts the SASS reported percentages because of changes in
the wording of the questionnaire. Using his counts, 63% of
teachers were covered by a CBA in 2008.
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district and 40% in the other district, then the state
will report 55% of its teachers are unionized. If
teacher membership for state B is 58% in one dis-
trict and 52% in the other district, then the state
will also report 55% of teachers are unionized.
Since teachers vote on whether to be unionized
and a simple majority often determines the result,
50% and 100% of teachers are likely to be cov-
ered in state A and B, respectively. Of the 22 esti-
mates that use these forms of unionization, only
2 measure the impact of union coverage.19 As a
result, no comparison can be made between how
the estimates obtained from these specifications
differ. Data limitations likely account for the use
of membership instead of coverage.

The final category of unionization measures
uses characteristics of the legal environment
to proxy for unionization. Stoddard (2005), for
instance, creates a dummy equal to 1 if a district
has a duty to meet, agency shops are permitted,
or union shops are permitted; and 0 otherwise.
Stoddard also uses an index of the favorability
of the legal environment for union organizing.
Gyourko and Tracy (1991) measure the impact of
strong duty to bargain and weak duty to bargain
laws. The distinction between legal environment
and unionization is well established in the lit-
erature (see, e.g., Moe 2011; Ichniowski 1988).
There are also studies that control for the impact
of legal environment and then estimate the union
wage impact parsed of this influence.

Finally, studies include different covariates in
an attempt to obtain causal estimates of the union
wage gap. These controls generally include char-
acteristics of the teachers and the district. Teacher
control variables such as education, experience,
alternative wage, and gender are common. Dis-
trict controls include variables such as student
socioeconomic status (SES), financial status of
the district, and median house value.

The studies also use a range of empirical
methods to estimate β. The majority of stud-
ies are cross sectional. A few studies employ
difference-in-difference or fixed-effects spec-
ifications. There are substantive differences
between estimates generated using within-state
variation in unionization, for example, includ-
ing state fixed effects, and those generated
from across-state variation. Studies that utilize
across-state variation to identify the impact of
unionization are comparing unionized districts
in states like Massachusetts, that is, states with
strong laws supporting collective bargaining,

19. Kasper (1970) and Kleiner and Petree (1988).

to nonunionized districts in states like Virginia,
where collective bargaining is disallowed. While
some of these studies control for the legal envi-
ronment (e.g., Duplantis, Chandler, and Geske
1995; Freeman and Valletta 1988; Gyourko and
Tracy 1991; Han 2012), the concern with these
estimates is that unmeasured differences between
states may bias the unionization estimates. It is
not clear what direction this will bias estimates.
If the omitted variable were solely legal envi-
ronment, we would expect this to positively
bias results.

Utilizing within-state variation to identify the
impact of unionization also creates challenges
for establishing a causal estimate. Most states
are either heavily union or nonunion. In states
where a large share of districts are unionized,
within-state variation means that the estimates
compare the many unionized districts to the few
(and possibly selected) nonunionized districts.
Within-state variation also makes the estimates
more susceptible to the impact of threat effects.
Winters (2011) utilizes a spatial model to explic-
itly control for threat effects. If threat effects
are a significant driver of teachers wages, esti-
mates utilizing within-state variation that do not
control for these effects may negatively bias the
union impact.

Han (2012) is keenly aware of the trade-off
between these two levels of variation. Instead
of utilizing within-state variation, her preferred
empirical strategy utilizes variation within a legal
environment. She then utilizes a mixed-effects
model and propensity scores matching to contend
with the endogeneity of unionization. We classify
the majority of estimates from Han (2012) as
utilizing across-state variation.20 We, however,
check the robustness of results by removing all
Han estimates from the sample when we examine
the role of across and within-state variation.

Only three studies in our data set attempt an
instrumental variables approach: Hoxby (1996),
Kasper (1970), and Hirsch, Macpherson, and
Winters (2011). This is not because researchers
are unaware of the potential endogeneity of
unionization, but rather because finding a credi-
ble instrument is difficult.21 Hirsch, Macpherson,
and Winters (2011) propose three sets of plau-
sible instruments: a labor sentiment index for
1919 compiled from regulations and legislation

20. There are a few estimates that utilize state fixed
effects and we classify those as within state.

21. For a thorough discussion of this difficulty, see
Hirsch, Macpherson, and Winters (2011).
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that pertain to labor, an index created from the
AFL-CIOs Committee on Political Education
voting records for 1965–1975, and the 1964
state union density for the private sector. They
ultimately reject the IV estimates because the
stability of prolabor sentiment makes it so these
instruments may have a direct and current effect
on wages.22

Given the degree of variation in empirical
specification discussed in this section, it is not
surprising that generalizations of the literature are
difficult. The following meta-analytic approaches
provide a first attempt to understand how these
variations systematically contribute to the esti-
mates of the union wage impact for teachers.23

III. STANDARD META-ANALYSIS

We are interested in the overall economic
and statistical significance of union wage effects.
Since the studies in our sample have many dif-
ferent specifications, we use the standard meta-
analytic technique of converting the coefficients
reported in the studies to partial correlation coef-
ficients. The partial correlation coefficients for
each included specification j is calculated as
follows,24

(2) rj = tj∕
√(

t2
j + nj

)

where tj is the t-statistic for the unionization
effect and nj is the degrees of freedom in the
specification. In our calculations, we have used
sample size rather than degrees of freedom with
the assumption that the size of the sample is large
relative to the number of included covariates. We
make this substitution because not all studies pro-
vide adequate information to calculate degrees
of freedom.

Partial correlation coefficients are the simple
correlation of the residuals from a regression of
wage on all included covariates other than union
and the residuals from a regression of union on
the same set of covariates. This statistic captures
the explanatory power of the variable union on
wage in a form that is very similar to the regres-
sion coefficients β, but without the issue of com-
paring different units due to the measurement of
wage and union. The sign rj will be the same as

22. See Hirsch, Macpherson, and Winters (2011, 8–9).
23. Jarrell and Stanley (1990) conduct a meta-analysis of

the union wage gap generally.
24. See Greene (2000) for a discussion of this formula.

FIGURE 1
Relationship between Partial Correlation
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Note: This graph provides no evidence of publication
bias. Six estimates with sample sizes greater than 20,000
have been excluded from this graph. These estimates were
excluded so that the scaling of the y-axis would allow the
reader to better see the data. The excluded estimates have a
mean partial correlation coefficient of .014 and a range of
.004 to .040.

the sign of β in the jth study. Furthermore, the
correlation of these residuals is not influenced
by the sample size. Therefore, we prefer par-
tial correlation coefficients to a comparison of
t-statistics across studies. Partial correlation coef-
ficients have the desirable properties that they
are unit free and incorporate both magnitude and
statistical significance. We note that the issue of
selection bias is still a concern when aggregat-
ing the results. We will discuss the implications
of selection bias in the succeeding sections.

Before analyzing the overall effect size, we
check for publication bias by plotting our effect
size estimates against sample size. Publication
bias occurs if journals are more likely to select an
article for publication when the estimated coeffi-
cients are statistically significant. This may also
occur if authors do not attempt to publish stud-
ies that find small or statistically insignificant
effects. If publication bias is present, we would
expect to see very few partial correlation coeffi-
cients near 0, particularly for studies with smaller
sample sizes. Figure 1 reports the results of this
analysis. The figure does not show any evidence
of publication bias. Therefore, we proceed to
estimating the overall effect size for this sam-
ple of studies without concern that this may bias
our estimate.

The modes by which unions find it effective
and feasible to interact with districts is likely
to differ depending on specific characteris-
tics of the district and legal environment. For
instance, unions in states that explicitly outlaw
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collective bargaining may be more likely to
work toward improvements in teacher work
conditions than increases in teacher pay. As
a result of this, we employ a random-effects
model that does not impose the assumption
that there is one true effect of unionization.25

A random-effects model requires only that the
effects are drawn from the same underlying
normal distribution. To be forthcoming with
the evidence we have compiled, we report the
results of a fixed-effects model in Figure S1,
Supporting information. The fixed-effects model
yields an overall partial correlation coefficient of
.02. The fixed-effects analysis weights smaller
studies more than the random-effects analysis. In
Section IV, we further investigate how unioniza-
tion effects are shaped by the district and legal
environment.

In a random-effects model, the overall effect
represents the mean of the true effects. The
estimates are weighted by the inverse variance to
account for within-study error and the between-
study variance to account for the sampling from
the population of true effect sizes. Between-
study variance is calculated by subtracting the
within-study variance from the observed total
variance. The overall effect is calculated as
follows:

(3) r =
J∑

j=1

1
vj

rj∕
J∑

j=1

1
vj

where vj is the within-study variance plus the
between-study variance and rj is the particular
correlation coefficient.26

Figure 2 reports the overall effect size and
each study’s contribution to it when we treat each
partial correlation coefficient as independent, that
is, when we do not apply RVE procedures. The
diamond represents the meta-analyzed measure
of effect size for each study. It is centered around
the effect size estimate and its length represents
the 95% confidence interval. The vertical line

25. Borenstein, Hedges, and Rothstein (2007, 11) give
the following example of when a random effects model is
appropriate. We repeat the example at length because it is a
direct fit to our use of this method. “[A]ssume that we are
working with studies that assess the impact of an educational
intervention. The magnitude of the impact might vary depend-
ing on the other resources available to children, the class size,
the age, and other factors, which likely vary from study to
study. We might not have assessed these covariates in each
study. Indeed, we might not even know what covariates are
related to the size of the effect.”

26. For further discussion of the random effects model,
see Borenstein, Hedges, and Rothstein (2007).

is the line of no effect, that is, an effect size
equal to 0. The dashed line represents the over-
all partial correlation coefficient from the group
of studies. Examining the location of study esti-
mates to the dashed line is a visual representation
of heterogeneity. The overall partial correlation
coefficient is .03. The impact of unionization on
wages is positive and significantly different from
0. The magnitude of the impact, however, is very
small.

Since partial correlation coefficients do not
convey economic significance, we use the overall
correlation coefficient along with sample sizes
and standard errors from papers in our sample
to compute the resulting percentage change in
teachers’ wages. Figure 3 contains these values.
Using all log-level specifications, we find that
a .03 partial correlation coefficient on average
generates a 4.81 % increase in teachers’ wages.
The distribution is right skewed and two outliers
in the upper tail (with a value of 26.21 % and
35.68 % for an estimate from Tracy 1988 and
Baugh and Stone 1982, respectively) contribute
to this mean impact being a poor representation
of the typical finding. The median wage impact
is 3.27 % and 90 % of values are less than 13 %.
This suggests a small wage impact of teachers
unions on wages. Given that the literature con-
tains a welter of estimates about the size of these
union impacts (ranging from no effect to nearly
20%), this meta-analytic result is of particular
interest. This result also differs from the standard
union wage gap of 10%–20% that is estimated
for the private sector unions.27

In Figure 2, we note that the I2 is very high
(84.2%) and Han (2012) accounts for approxi-
mately 35% of our overall effect size. The I2

statistic is the percentage of variation across an
estimate that is due to heterogeneity rather than to
chance.28 We adjust the weighting of each study
to account for potential clustering at the study
level. On average, eight individual estimates are
drawn from a study.

Figure 4 reports the result of this reweighting.
We account for any potential within-study depen-
dence by adjusting the standard errors. This is
achieved by multiplying the standard errors by√

1 + l (b − 1) where b is the number of esti-
mates from a particular study and l is the intra-

27. See, for example, Jarrell and Stanley (1990). This
difference may be the result of increased focus on fringe or
nonpecuniary benefits by teachers unions.

28. I2 = 100 % * (Q− df /Q). See Higgins et al. (2003) for
a more detailed description.
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FIGURE 2
Forest Plot of Partial Correlation Coefficients for All Studies
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Notes: A random-effects model is utilized to deal with the fact that there is unlikely to be one true effect size generated by
unionization. The effect sizes are weighted by their inverse variances. Each effect size is assumed to be independent. See the
text for an explanation of how we selected studies to mitigate within-study dependence. The overall I2 is 84.2%.
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FIGURE 3
Economic Significance of Wage Impacts
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Notes: A random-effects model is utilized to deal with the
fact that there is unlikely to be one true effect size generated
by unionization. The economic impacts in this figure are
found by reversing the partial correlation transformation for
log-linear specifications, coeff*100= .03*standard error*sqrt
(sample size).

class correlation within studies.29 The average
within-group correlation is l= 0.72695.30 This
specification does not alter the overall effect
size. The I2 is much smaller at 54.0% and other
studies are weighted more evenly with the Han
study. We prefer this specification and report
subsequent results with these adjusted errors.
We also report a specification in Figure S2 that
sets intraclass correlation to 1, that is, reflecting
the extreme case where estimates from the same
study are perfectly correlated. This does not
change the results. As expected, the I2 is slightly
smaller at 46 %.

We check the sensitivity of the overall effect
size to the inclusion of particular studies and esti-
mates in several ways. First, we use a delete one
and a trimming procedure. We then check our
handling of the dependence of estimates within
a study by drawing only one estimate from each
study. The delete one procedure entails delet-
ing the effect sizes from one study at a time

29. This produces very similar weights to those proposed
in Hedges, Tipton, and Johnson (2010) to deal with correlated
effects. The only difference is that the Hedges et al. weights
assume that sample sizes are more similar within studies than
across studies and use the same weight for all effect sizes
coming from a particular study. We allow weights to vary
within a study because this is not a reasonable assumption
for our set of studies. See Han (2012), Lipsky and Drotning
(1973), or Tracy (1988) for examples where sample sizes vary
substantially within a study.

30. This value is found by using STATAs loneway
command.

and then recalculating the overall effect size.
Figure S3 contains the results of the delete one
procedure that produces the largest change in
effect size. Removing the Han study generates
the largest change in overall effect size. With-
out the Han estimates, the overall effect size
is 0.04. This effect size is statistically different
from the overall effect size reported in Figure 3.
This produces a mean and median percentage
change of 6.414 and 4.366, respectively. A few
of the studies we have included are unpublished
manuscripts. We made the decision to include
these papers to mitigate concerns about publica-
tion bias. Some of these manuscripts, however,
receive a large weight in our analyses and the
peer-review process should mitigate the bias of
published estimates. As a result, we estimate the
overall effect size for published studies. The over-
all effect size for published studies is 0.04 and
therefore is statistically different from the result
obtained by including all studies. The effect size
is the same as the result obtained by excluding
the Han study, largely because the Han study is
unpublished and received significant weight in
the original analysis.

We also check the sensitivity of our effect size
to outliers by trimming the top and bottom 5%.
Figure S4 reports these results. The overall effect
size is the same as the result reported in Figure 3.
Figure S5 reports the results of selecting only one
estimate from each study, which can be viewed as
a more conservative approach to handling poten-
tial dependence between estimates. The overall
effect size is 0.05, but is not statistically different
from the effect size reported in Figure 3.

The I2 we find in our preferred specification,
54%, is still very large. Higgins et al. (2003)
find that in a review of 509 meta-analyses about
a quarter of meta-analyses have I2 over 50%.
These meta-analyses are predominately of medi-
cal studies. We are not aware of a similar account-
ing of I2 values in economics or social science
reviews, although it is likely that these would
tend to have higher I2 values. We view this
large value as suggesting two possible sources
of variation: (1) that the impacts of unionization
will differ based on its form and the context in
which it is applied, what we subsequently term
“true heterogeneity” and (2) that the empirical
specification of different papers may deal with
selection bias to different extents. We work on
understanding this heterogeneity in the subse-
quent subgroup analysis.

It is also important to consider the role of
selection bias when interpreting the overall effect
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FIGURE 4
Forest Plot of Partial Correlation Coefficients for All Studies Weighted for Within-Study Dependence
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Notes: A random-effects model is utilized to deal with the fact that there is unlikely to be one true effect size generated
by unionization. The effect sizes are weighted by the inverse-variance method. To deal with the possibility of intrastudy
dependence, we compute adjusted standard errors by multiplying the standard errors by sqrt[1+ l(b− 1)] where b is the number
of estimates from a particular study and l is the intraclass correlation within studies. This method comes from Kish (1965), and
is the same as the method proposed in Hedges, Tipton, and Johnson (2010). The overall I2 is 54.0 %.
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FIGURE 5
Forest Plot of Partial Correlation Coefficients for Good Empirical Methods
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Notes: A random-effects model is utilized to deal with the fact that there is unlikely to be one true effect size generated
by unionization. The effect sizes are weighted by their inverse variances. See the text for an explanation of how we mitigate
within-study dependence. The overall I2 is 0%.

sizes. The potential for endogenous assignment to
unionization has been noted by other researchers
and was discussed in the previous section. There
is considerable variation in the amount of atten-
tion paid to mitigating bias in β across studies.

As a first look at understanding the magnitude
and sign of the bias that may be present, we repeat
the overall effect size analysis for only those
studies that can be classified as using “quasi-
experimental” empirical methods. We classify
studies as having the best empirical methods if
they have a quasi-experimental research design.
There are only four papers that we identify as
utilizing the best empirical methods. These are
Han (2012), Hoxby (1996), Lovenheim (2009),
and Winters (2011). We do not include estimates
from Hirsch, Macpherson, and Winters (2011)
because the authors question the large magni-
tude of their results in the instrumental vari-
ables specification. We present a random-effects
model including all papers with a best empirical
method designation in Figure 5. Using only the

best empirical methods estimates yields a mean
partial correlation coefficient of .02.31 The effect
size is not statistically different from the results of
the meta-analysis including all studies. Remov-
ing Han (2012) and repeating the analysis yields
effect sizes more similar to the overall effect
size reported above. The average effect size for
best empirical methods without Han is 0.031. In
the following subgroup analysis, we take a more
detailed look at empirical specification to try to
evaluate best practices.

The studies reviewed in this analysis, there-
fore, suggest that the economic significance of
the teacher union impact on wages is modest,
typically between 2% and 4.5%. We are tenta-
tive about concluding that these results are causal
effects and discuss our concerns in the succeed-
ing sections. The results are robust to a variety of
specifications and tell us about the collective wis-
dom of research to date. Knowing that the wage

31. This corresponds to an average increase of 3.21% and
a median increase of 2.18%.
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impacts are modest should help to inform dis-
tricts’ and states’ view of unions.

IV. SUBGROUP ANALYSIS: EXPLAINING THE
VARIATION IN UNION WAGE ESTIMATES

Since previous literature reviews, as well as
our own evaluation of the literature, suggest
that there is substantial variation in the union
wage impact across studies, we try to explain
this variation by identifying appropriate moder-
ator variables. This analysis examines two types
of variation that occur in the estimates: (1) the
impact of selection bias and (2) the true het-
erogeneity of union effects. We first estimate
mean partial correlation coefficients for subsam-
ples defined by a few important moderator vari-
ables and compare across subsamples. To gain an
understanding of the magnitude of each moder-
ator’s effect on the union wage impact and their
interaction with one another, we then use meta-
regression techniques.

Table 2 contains the subgroup analysis for
a limited set of these characteristics. We focus
on six subgroup analyses: whether the empir-
ical method uses within or across-state varia-
tion, the level of observations, the date a study
was published, the measure of unionization, the
decade of data, and the wage measure. The first
three subgroups focus on the role of selection
bias in the estimates. The last two are directed
toward understanding the role of true heterogene-
ity. The measure of unionization subgroup likely
involves both forms of variation. These analyses,
of course, are suggestive and do not represent
causal effects of these characteristics on effect
size. We, therefore, favor the meta-regression
analysis and present the impact of these and other
moderators through those results.

Many of the moderators we use catalogue
whether an empirical specification includes par-
ticular, relevant controls. We collect information
on whether a specification includes controls for
characteristics of the teacher and the district that
may reduce selection bias, as well as information
about the sample used for estimation. The mod-
erators related to teacher characteristics identify
whether a specification includes a control for
experience, education, alternative wages that
teachers may consider, and gender. Moderators
that characterize the district environment are
whether a specification includes controls for
financial status, student–teacher ratios, the SES
of students, and median house values. The legal
environment controls are (1) whether a study

controls for variation in legal environment across
states, (2) does not control for legal environment,
or (3) uses the variation in legal environment as
the measure of unionization. Other moderators
include whether the specification utilizes within
or across-state variation in unionization, the unit
of observation, the type of wage measured, and
the quality of the journal in which the result
was published.

Measures of teacher experience, education,
gender, and alternative wages are all likely to be
correlated with the unionization status of the dis-
trict. Historical accounts of teacher unionization,
such as Murphy (1992), provide anecdotal evi-
dence that more educated and experienced teach-
ers are more likely to be unionized. Murphy also
discusses the importance of teacher gender in the
formation of unions. Female teachers were less
likely to unionize than their male counterparts.
Furthermore, male and female teachers initially
did not have similar goals and this may have
prevented early attempts to unionize. Research
on the causes of unionization is not well devel-
oped. There are studies, such as Freeman (1986)
and Ichniowski (1988), that show that changes in
the legal rights of public sector unions increased
unionization rather than appearing in response to
its emergence.

We expect that not controlling for a teacher’s
level of education will create upward biased esti-
mates of the union wage effect. More educated
teachers are more likely to join unions and also
more likely to earn a higher wage. The subse-
quent meta-regression provides evidence of such
bias. We also expect similar upward bias in stud-
ies that do not control for teacher experience or
the alternative wage.

The next set of moderators is determined by
whether a specification includes particular con-
trols for district characteristics. We collect infor-
mation on whether the researcher has controlled
for district financial status, legal environment,
students’ SES, and median house values. We clas-
sify a specification as controlling for financial
status if a measure such as district revenues, dis-
trict per capita income, or debt service per pupil
is included. A study is categorized as control-
ling for legal environment if the researcher either
uses a sample with a homogeneous legal environ-
ment or includes dummy variables for differing
legal environments (including state fixed effects).
Studies often consider whether a state allows or
prohibits collective bargaining for teachers, as
well as the legal status of agency shops. Moe
(2011) provides a useful classification of legal
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TABLE 2
Comparing the Size of Union Wage Effects across Specifications Subgroup Analysis (Weighting for

Within-Study Dependence)

Partial Correlation Coefficients and Test Statistics Derived from 78 Estimates from 20 Studies

Specification Characteristic Number of Estimates Effect Size
95% Confidence

Interval z Statistic I2 Statistic

Unit of observation
Teacher 36 0.022 [0.012,0.032] 4.47 55.8
District 33 0.055 [0.033,0.077] 4.94 36
State 4 0.063 [−0.067,0.194] 0.95 51.6
Test statistic for difference −2.557,−0.121

Wage measure
Average 35 0.031 [0.020,0.043] 5.28 68.7
New teacher 28 0.024 [0.008,0.040] 2.9 0
Senior teacher 8 0.077 [0.041,0.112] 4.27 0
Test statistic for difference 0.7,−2.754

Unionization measure
CBA 33 0.058 [0.037,0.079] 5.39 51.5
Membership coverage 22 0.025 [0.001,0.048] 2.07 19.7
Legal 22 0.014 [0.006,0.022] 3.53 30.9
Test statistic for difference 2.119,0.859

Within- versus across-state variation
Within state 29 0.054 [0.028,0.079] 4.17 48.3
Across state 48 0.027 [0.017,0.037] 5.26 54.3
Test statistic for difference 1.940

Decade of data
Data from 1970s 29 0.120 [0.063,0.178] 4.10 24.7
Data from 1980s 48 0.023 [0.007,0.038] 2.84 67.3
Data from 1990s 4 0.035 [0.003,0.067] 2.12 86.6
Data from 2000s 48 0.033 [0.020,0.047] 4.74 29.2
Test statistic for difference 3.129,1.09,0.2

Decade published
Published during 1970s 10 0.069 [−0.009,0.147] 1.74 0
Published during 1980s 15 0.066 [0.026,0.106] 3.22 73.8
Published during 1990s 10 0.038 [0.009,0.068] 2.53 68.8
Published during 2000s 42 0.024 [0.015,0.033] 5.17 34.8
Test statistic for difference 0.067, 1.12, 0.886

environments. He partitions states into four mutu-
ally exclusive categories: (1) states that have col-
lective bargaining laws and allow agency shops;
(2) states that have collective bargaining laws, but
do not allow agency shops; (3) states that do not
have collective bargaining laws; and (4) states
that prohibit collective bargaining. Our original
plan was to group studies according to this clas-
sification. This, however, is not possible because
many studies utilize national datasets. We instead
split the papers by whether the studies use within-
or across-state variation.

Further research that examines the union wage
gap in moderate and weak legal environments
may help to sort out the heterogeneity of union
wage impacts.32 The meta-regression will allow
us to parse the impact of this moderator from
measuring unionization with a CBA and the qual-
ity of the empirical strategy.

32. This is the intention of Han (2012).

The dependent variable teachers wages is
specified as either the average wage of teachers,
the wage for new teachers, or the wage for more
experienced teachers. A well-established result
from the literature on teachers unions is that
unions increase the wages of senior teachers, but
not the wages of new teachers. The subgroup
analysis confirms that unions have a smaller
effect on new teachers than senior teachers with
partial correlation coefficients of .024 and .077,
respectively. The subgroup analysis, however,
additionally suggests that unions do have a
positive and statistically significant impact on
new teachers’ wages. The effect size for new
teachers’ wages is not statistically different
from the effect size when average wages are the
measure.

We also classified the estimates by their mea-
sure of unionization. We divide the measures of
unionization into the following mutually exclu-
sive categories: (1) unionization measured by
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presence of CBA,33 (2) unionization measured as
the number or percent of teachers who are mem-
bers of the union or represented by the union,
but have not necessarily established a CBA,
and (3) unionization measured by variations in
the legal environment, such as whether a dis-
trict has the duty to bargain or meet-and-confer.
The specifications that measure unionization by
CBA have a higher overall effect size (r = .058)
than either the membership (r = .025) or legal
subgroup (r = .014). The difference between the
CBA and membership effect sizes is statistically
significant. The difference between the member-
ship and legal effect sizes is, however, not sta-
tistically significant. These effect sizes yield an
average wage impact for unionization measured
by CBA of 9.59% with a typical wage effect of
6.33%. In contrast, measuring unionization by
membership yields an average wage impact for
unionization of 4.01% and a median impact of
2.73%.

Two potential explanations for the difference
between these subgroup effect sizes are that these
measures of unionization are capturing different
forms of teachers unions or that there is attenua-
tion bias due to greater measurement error in the
membership and legal measures. The latter pos-
sibility was discussed in Hoxby (1996). The first
explanation is plausible given that not all teach-
ers unions have official CBAs with their districts.
An open question is whether unionized districts
with CBAs are more likely to increase teach-
ers’ wages than unionized districts that do not
have them.

When the sample is stratified by the unit of
observation, we find that the average effect size
is smaller when the unit of observation is the
individual teacher (r = .022) than when it is the
district (r = .055). This result may reflect that
teacher characteristics that increase wages are
positively correlated with unionization. Teacher-
level samples allow researchers to better control
for these characteristics and provide a more accu-
rate estimate of the role of teachers unions. We
are able to test directly for the importance of these
controls and any remaining effect of a teacher-
level sample in the meta-regressions.

When we study the role of across-state ver-
sus within-state variation in union status, we
find that utilizing our full set of estimates in a
random-effects model yields average effect sizes
for the within-state group that are twice the size

33. We also included estimates where the measure is the
coverage for a contract in this category.

of the estimates for the across-state group, that is,
r = .054 and r = .027, respectively. These effect
sizes equate to a mean percent increase in wages
of 8.66% and 4.33%. We believe this result is
important and check its robustness in the fol-
lowing three ways: (1) drop studies that address
concerns generally raised about across-state vari-
ation, (2) drop unpublished studies, and (3) select
one estimate from each study.

First, we drop the Han and Winters estimates
because these empirical specifications address
concerns about unobservables better than other
studies relying on across-state variation.34 With-
out these studies, we find that the average effect
size for the within-state variation group is still
double that of the across-state variation stud-
ies.35 The difference, however, is not statistically
significant. The I2 for the across-state variation
group is 54.3% with and 75.5% without the inclu-
sion of their studies.36

Removing the unpublished studies from the
analysis confirms the results that the effect size
for the within-state group is twice as large as
the across-state group. Studies that utilize within-
state variation would find on average that unions
increase teachers’ wages by 6.86%. In contrast,
studies that utilize across-state variation would
find a smaller increase of 3.45%. The difference
is statistically significant in a one-tailed test at the
5% level. The unpublished studies removed from
the analysis are Han (2012); Hirsch, Macpherson,
and Winters (2011), and Tracy (1988). Finally,
the results from a select one method show that
within-state variation produces effect sizes that
are more than twice as large as the those pro-
duced by across-state variation, that is, the aver-
age percentage increase in wages is 9.78% and
3.68% for within-state and across-state estimates,
respectively. The difference is marginally statis-
tically significant at the 7% level. The select one
method yields larger I2 for each subgroup.

34. Winters shows that spatial correlation in errors is
likely and addresses it with an inverse-distance weighting
matrix. This empirical strategy addresses the concern over
differences in state laws without using state fixed effects. Han
groups districts into four mutually exclusive categories that
explain the public sector labor laws. This allows her to control
for the legal environment without utilizing either state fixed
effects or confining analysis to particular states.

35. The corresponding mean percentage wage increase
in wages are 10.18% (median= 7.05%) and 5.62%
(median= 3.89%).

36. Han (2012) accounts for approximately 21% of esti-
mates in the across-state group. Winters accounts for another
13% of the estimates. The heavy weights on these two stud-
ies are because their empirical strategies allow them to exploit
larger datasets.
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We also investigate the possibility that union
wage effects change over time. We group studies
according to the decade of data used. We exclude
three studies from the initial analysis because
the data utilized spans decades. The excluded
studies are Kleiner and Petree (1988), Hoxby
(1996), and Lovenheim (2009). The studies
surveyed use data from years ranging from 1967
to 2008. The studies utilizing data from 1967
to 1969 are Lipsky and Drotning (1973) and
Kasper (1970). We include these studies and all
other estimates coming from 1970s data in the
1970s category.37 There are a few studies with
data that span the decade cutoff. Lentz (1998)
uses data from 1989 to 1990. Winters (2011) and
Hirsch, Macpherson, and Winters (2011) both
use data from 1999 to 2000. We classify these
studies according to the end date. The results
suggest strong impacts of unionization in the
early period of union activity, the 1970s, with an
average effect size of 0.12. This would generate
an average union impact of 19.24% and median
impact of approximately 13%. The union impacts
fall off in the 1980s and remain at those levels
through the present decade. The average effect
sizes for the 1980s, 1990s, and 2000s are 0.023,
0.035, and 0.033, respectively. These effect
sizes are not statistically different and mimic the
results of the reported overall effect sizes. The
union wage impacts for this period range from
2.5% to 4%.38

To contrast true heterogeneity in union wage
effects with possible selection bias, we analyze
the role of publication date on partial correlation
coefficients. Our thinking is that there may be
trends in the specification of models and meth-
ods of analysis, as well as potential evolution
toward better empirical tools. Many researchers
implicitly consider newer studies to be more
credible than older studies. We try to provide
some empirical evidence to comment on this
belief through a subgroup analysis and subse-
quent meta-regression.

The classification of studies by publication
date is generally straightforward. We choose to
continue including unpublished studies in this
analysis and then check the robustness of the
analysis by excluding these studies. For unpub-
lished studies, we assign the year of the most
recent draft as the date of publication. We also

37. The results are robust to excluding estimates from the
studies using data from late 1960s.

38. The median wage impacts for 1980s, 1990s, and
2000s are 2.51%, 3.82%, and 3.60%, respectively.

choose to include the Han and Winters studies in
the 2000s subgroup. The last draft of Han’s study
was written in 2012 and the Winters’ paper was
published in 2011.

There is a distinct break in the magnitude
of the decade subgroup effect size between the
1980s and 1990s. The 1970s and 1980s have
effect sizes of 0.069 and 0.066, respectively.
These effect sizes correspond to a mean wage
increase of approximately 11% and a median
impact of approximately 7.5%. The 1990s and
2000s have effect sizes that are of much smaller
magnitude than those estimated during the early
period, that is, the effect sizes are 0.038 and
0.024, respectively. The 1990s effect size cor-
responds to a median wage impact of 4.15%.
Similarly, the median wage impact for studies
published in the 2000s is 2.62%. The effect size
for studies published in the 1990s is not statis-
tically different from either the 1970s or 1980s
effect sizes. The 2000s effect size, however, is
statistically distinct from both.

Since the Han (2012) study accounts for many
estimates for the last decade, we also exclude
the Han study and reexamine the results. With-
out Han, the effect size for studies published
during the 2000s is 0.031 and the correspond-
ing median wage impact is 3.38%. This result
is marginally statistically distinct from the 1980s
and 1990s. We also check this result by excluding
unpublished studies from the sample. The results
are not statistically different from those reported
above.39

In many of these subgroup analyses, we still
find a high I2. This suggests that there is sub-
stantial factual or methodological heterogeneity
remaining. The high I2 statistic for CBA may be
an indicator of the importance of particular pro-
visions in a CBA contract.40 We interpret these
results as suggestive of the idea that factual het-
erogeneity exists. It is very likely that causal
union effects exhibit a large degree of hetero-
geneity and that studies capture different types
of unions due to data limitations and empiri-
cal specification. Additionally, variation in study
quality may be an important determinant of the
effect size.

39. It is important to note that more recent studies receive
larger weight in the overall meta-analysis conducted in the
previous section because improvements in data availability
increased sample sizes.

40. There is a developing body of research examining the
role of individual provisions, see for example, Strunk (2011),
Cowen and Fowles (2013), and Strunk and Grissom (2010).
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TABLE 3
The Impact of Study Moderators on Effect Size

(1) (2) (3) (4)
OLS OLS WLS WLS
𝛃/SE 𝛃/SE 𝛃/SE 𝛃/SE

Controls for teacher’s experience −.036 −.064 .007 −.013
(.040) (.061) (.014) (.020)

Controls for teacher’s education −.026 −.164* .047* −.130*
(.068) (.095) (.025) (.075)

Controls for alternative wage −.064 −.081 −.060*** −.067*
(.052) (.056) (.020) (.036)

Controls for teacher gender −.040 .092 −.084*** .159**
(.048) (.105) (.019) (.070)

Controls for student SES −.120*** −.158*** −.058*** −.100***
(.025) (.026) (.012) (.032)

Controls for median home value −.084 .047 −.022 −.010
(.057) (.086) (.027) (.045)

Unionization varies within state −.091** −.064 −.103*** −.104***
(.043) (.067) (.023) (.038)

Salary measure is average salary −.096** −.185*** −.031** −.074
(.045) (.061) (.015) (.049)

Salary measure is for senior teachers .067 .057 .055** .057**
(.047) (.049) (.025) (.025)

Unionization measured as CBA −.036 −.034 .030*** .041*
(.030) (.043) (.010) (.021)

Unionization measured as membership or coverage .019 −.016 .027* .006
(.028) (.053) (.016) (.029)

Data from 1980s −.042 −.045 −.004 −.086***
(.040) (.057) (.021) (.032)

Data from 1990s .034 .052 −.003 −.088***
(.048) (.062) (.021) (.032)

Data from 2000s −.103** −.313*** −.060** −.155*
(.045) (.093) (.027) (.080)

Journal has above average SNIP ranking −.054 −.061*
(.061) (.034)

Constant .393*** .540*** .191*** .323***
(.088) (.093) (.042) (.108)

Observations 74 50 74 50
R2 .546 .655
Goodness-of-Fit

Notes: The excluded category for salary measure is new teacher salaries. Both WLS specifications use inverse-variance
weights calculated from the adjusted standard errors. We compute adjusted standard errors by multiplying the standard errors
by sqrt[1+ l(b− 1)], where b is the number of estimates from a particular study and l is the intraclass correlation within studies.
Standard errors in parentheses.

*p < .1, **p < .05, ***p < .01.

A. Meta-Regression: Understanding the
Interaction of Study Moderators

To parse the interaction of the moderator vari-
ables, we implement meta-regression techniques.
The general equation we estimate is

effectsize = β0 + districtβ1 + teacherβ2(4)

+ sampleβ3 + u

where effectsize is the partial correlation coef-
ficient, district is a set of moderators that iden-
tify the presence of district-level controls, teacher
is a set of moderators that identify the presence
of controls related to teacher characteristics, and
sample is a set of moderators that characterizes
the sample used by the researcher. We begin with

a parsimonious specification of (4) that includes
key moderators discussed in the previous section.
For district, we include whether a specification
includes controls for median value of houses and
the SES of students. For teacher, we include
whether a specification has a control for teacher
education, teacher experience, teacher gender,
and the alternative wage. We also include dummy
variables to capture possible variation in union
effects by decade.

In Table 3, we report the results of this anal-
ysis. The first column is a baseline specification
that estimates the coefficients by ordinary least
squares (OLS) and uses Huber–White errors
to account for heteroskedasticity. Column 2
presents the results from a similar specification
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with the addition of a control for journal quality.
As we know the effect size estimates contain sig-
nificant heteroskedasticity, we estimate similar
specifications by weighted least squares (WLS)
using the robust variation estimation weights. We
prefer the WLS specification because it places
greater weight on effect sizes that are estimated
more precisely.41 These results are reported in
columns 3 and 4.

In the meta-analysis literature, there is an
ongoing discussion about whether the quality
of empirical specifications and methods greatly
influences the results. Glass (1976) noted that “It
is an empirical question whether relatively poorly
designed studies give results significantly at vari-
ance with those of the best designed studies.” We
directly test the role of empirical specification by
checking for the presence of common controls, as
well as measures of quality. In our WLS specifi-
cations, we find that the inclusion of teacher-level
controls significantly affects the estimated wage
impact. The OLS specification does not confirm
this finding.42 Using only the OLS specification
would lead one to believe that the model speci-
fication with regards to teacher controls is irrele-
vant. We strongly prefer the WLS specification
and therefore focus on these results in subse-
quent discussion.

In addition to teacher, district, and sample
characteristics, we also examine another dimen-
sion of quality by utilizing a measure of journal
quality. We use the Source Normalized Impact
Per Paper (SNIP) to rank the quality of the jour-
nals in which each study is published.43 This
ranking is, of course, unavailable for National
Bureau of Economic Research (NBER) working
papers, NBER book chapters, and other unpub-
lished manuscripts. For NBER working papers
and NBER book chapters, we infer that the “jour-
nal” ranking is above average. The analysis con-
trolling for journal quality excludes any other
unpublished manuscripts.44

41. Tests of model fit suggest that a linear model would
appropriately fit the data. However, the results of the OLS and
WLS specifications are significantly different.

42. Joint hypothesis tests of the significance of teacher
education, teacher experience, teacher gender, and the alter-
native wage do not allow us to reject their joint insignificance.

43. We also replicated the analysis using the Impact Per
Publication (IPP) and SCImago Journal Rank (SJR). All three
measures provide the same ranking of the journals. Both the
SNIP and SJR measures are comparable across fields (www
.journalmetrics.com).

44. Han (2012), Hirsch, Macpherson, and Winters
(2011), and Lentz (1998) are excluded in specifications con-
taining this control. Lentz is published in a journal, but a SNIP
ranking is not available.

Controlling for the journal quality signifi-
cantly decreases the estimated union wage impact
in the WLS specification. A paper being pub-
lished in a journal with an above average SNIP
ranking is likely to find smaller effect sizes. The
coefficient on the SNIP ranking being above aver-
age is −0.061. This corresponds to a median
decrease of 6.66% in the union impact. This
provides evidence that papers published in bet-
ter journals find smaller wage impacts. It is not
clear whether the smaller estimated impact is the
result of paper quality or priors of early readers
of the paper. Another notable effect of including
this control is that the coefficient on the dum-
mies for studies written in the 1980s and 1990s
is of larger magnitude and significant. Testing
the equality of the coefficients on the decade
dummies shows that on average the estimates
obtained in 1980s or 1990s are statistically dif-
ferent from those obtained in the 2000s. This
specification suggests that union impacts were
largest in the early period of teachers unionism,
teachers began to unionize in significant num-
bers between the mid 1960s and mid 1970s, and
then fell off substantially in the 1980s and contin-
ued to decline in 2000s. The difference between
union effects in the 1980s, 1990s, and 2000s is
not statistically different in column 4. The result
that data from the 2000s generates significantly
smaller union wage impacts than 1970s, however,
is robust across all specifications. The specifi-
cations in columns 1–3 do not find statistically
distinct differences between the 1970s and the
1980s or 1990s. We view this result as showing
that factual heterogeneity in teacher union wage
impacts exists and that union wage impacts have
decreased over time.45

In column 4, the sign of the coefficients on
teacher control moderators are as expected.
Controlling for teacher experience decreases
the effect size by 0.048. There are two possible
explanations for this finding. This may suggest
that more experienced teachers are more likely to
unionize or that more experienced and educated
teachers are attracted to unionized districts due
to higher salaries and other potential benefits.
The sign on this moderator is consistent across

45. We investigated the possibility of spatial dependence
of estimates by date of publication. Our thinking was that
there may be trends in the specification of empirical models
unmeasured by our moderators that could account for the
differences we see over time. We did not find any evidence
of significant spatial correlation for papers and neighbors
published in the surrounding 3 years.

http://www.journalmetrics.com
http://www.journalmetrics.com
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specifications. Controlling for a teacher’s edu-
cation also significantly decreases effect size
in the specifications where we have parsed the
impact of study quality. In column 4, controlling
for a teacher’s level of education decreases the
effect size by 0.080. This means that when a
study attempts to mitigate bias by conditioning
only on observables, including controls for a
teacher’s education is particularly important.
Studies that control for a teacher’s gender also
generate decreased effect sizes. Controlling for
a teacher’s gender decreases the effect size by
0.037. Given that female teachers on average
earn less than male teachers (due to differences
in credentialing and the labor markets they par-
ticipate in), this may reflect that districts with
more female teachers are less likely to unionize.

All four specifications confirm the commonly
held belief that teachers unions increase the
wages of senior teachers more than new teach-
ers.46 Changing the weighting of effect sizes
makes the biggest difference in the magnitude of
the effect. Effect sizes that are estimated more
precisely (or that are the sole contribution of a
study) show smaller impacts on senior teachers’
wages. In column 4, the impact of measuring
senior teachers wages is a 0.069 increase in effect
size. A particularly notable result is that speci-
fications which measure the impact on the aver-
age wage find smaller effect sizes than those that
measure new teachers’ wages. Columns 2 and
4, which control for the quality of the empir-
ical specification, show statistically significant
decreases in the effect size.

We did not expect to find a greater union
wage increase for new teachers relative to aver-
age teachers. After some reflection and review
of relevant literature, we suggest a few interpre-
tations. First, we split our thinking about this
relationship into three concepts: the level effect
(union–nonunion wage gap), dispersion effect,
and returns to experience. Our result suggests that
teachers unions either bargain for higher wages
for new teachers or increase the qualifications of
new teachers such that the average new teacher is
paid better. The positive coefficient on new teach-
ers is consistent with a positive union wage gap
for new teachers coupled with lower returns to
experience for teachers with experience less than
the average teacher. It seems likely that the result
reflects that diminishing returns to experience are
more pronounced in nonunionized districts.

46. The excluded category in the regressions is that the
dependent variable measures new teachers’ wages.

Measuring unionization as the presence of a
CBA also appears to increase the effect size.
This result is present in both WLS specifica-
tions and of larger magnitude in the specification
that controls for quality. Measuring unionization
as presence of CBA yields a 0.034 increase in
the effect size when compared to proxying for
unionization through legal status. In column 4,
we see that the impact on effect size is not statis-
tically different from measuring unionization as
membership or coverage once we have included
the quality index. Columns 1 and 2 present a
similar relationship between these two measures
of unionization.

Finally, all four specifications show that con-
trolling for student SES decreases the effect
size in all specifications. The WLS specifications
show that this control decreases effect sizes by
0.058 and 0.100 in columns 3 and 4, respec-
tively. This result may be picking up the differ-
ence between average teachers in districts with
high- and low-SES students. There is evidence
that better teachers migrate to teach high SES stu-
dents.47 The difference in effect size is larger in
the specification that controls for journal qual-
ity. Although the difference is statistically signif-
icant, this may be the result of few papers in good
journals not controlling for the student SES.

V. CONCLUSION

The literature examining the impact of teach-
ers unions on education is very large and diverse.
Meta-analytic techniques allow us to better
understand both the overall effect of unions on
wages and the reasons behind differences in
estimates from these studies. Our results sug-
gest that it is important to take the context of
union studies into account when examining their
overall impact, and that the effects of unions on
wages are shaped by both the district and legal
environment being studied.

A key finding of this study is that the average
wage impact estimated by the included papers is
modest, around 2%–4.5%. Our findings also sug-
gest that the quality of an empirical strategy sig-
nificantly affects the size of the estimated impact.
Controlling for teacher experience, education,
and gender, all reduce the estimated wage impact.
We also find that teachers union wage impacts
have varied over time. The largest impacts appear

47. See, for example, Goldhaber, Choi, and Cramer
(2007), Clotfelter, Ladd, and Vigdor (2005), and Lankford,
Loeb, and Wyckoff (2002).
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to be following the rapid expansion of teacher
unionism in the 1970s. Finally, we gain new
insight into the goals of teachers unions by using
the increased statistical power of meta-analytic
techniques to show that unions increase the wages
of new teachers and not just senior teachers.
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