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Abstract

Resampling methods are used to calculate confidence limits in a meta-analysis of the

association between unions and productivity for the population of U.S. studies. The available

evidence points to a positive and statistically significant association between unions and

productivity in the U.S. manufacturing and education sectors, of around 10% and 7%,

respectively.



THE IMPACT OF U.S. UNIONS ON PRODUCTIVITY:
A BOOTSTRAP META-ANALYSIS

1. Introduction

Meta-analysis has been developed to facilitate a quantitative research synthesis
(Hunter and Schmidt 1990). Meta-analysis uses empirical studies as the basic unit of analysis.
Measures such as elasticities are derived from all the available studies and descriptive
statistics such as averages are calculated for all studies and for groups of studies. Confidence
intervals can be constructed to investigate whether an estimated association is statistically
significant. There is now a rapidly growing body of applications of meta-analysis to
economics (see Stanley 2001).

One of the problems with the construction of confidence intervals in meta-analysis is
that the distribution of the studies is unknown and may not be normal. Adams et al. (1997)
have shown that resampling techniques can be used to construct bootstrap confidence
intervals in meta-analysis. This technique has not been used in any of the economics meta-
analysis studies.

In this paper, the bootstrap is applied to a meta-analysis of the U.S. union-productivity
effects literature. Union-productivity effects continue to be one of the most controversial
issues in economics. Theory has postulated a number of channels through which unions may
increase or decrease productivity. The net impact of unions on productivity is an empirical
issue (see Kuhn 1998). Meta-analysis is ideal in this situation as it enables inferences to be

drawn from the pool of available studies.

2. The Bootstrap and Meta-analysis
The bootstrap is applied normally to statistics derived from a single sample. In meta-analysis

the statistics are derived from data that are drawn from numerous studies, involving different



datasets. However, resampling techniques can be used to estimate standard errors and
confidence intervals for any test statistic (see Efron and Tibshirani 1993, Shao and Tu 1995
and Adams et al. 1997). The underlying population will include published studies,
unpublished studies, and results that never migrated beyond the estimation stage. If the
published studies are representative of the underlying population of studies, then resampling
from observed studies will imitate the process of sampling observations from the population
of studies.

In a typical bootstrap application, each observation is assigned an equal weight.
However, in meta-analysis, larger studies should be given more weight, as smaller samples
will have larger variances and will thus be less precise. A number of weights are possible,
such as sample size, number of citations and journal ranking. The normal approach in meta-

analysis is to use sample size (see Hunter and Schmidt 1990).

3. Procedure and Results

Doucouliagos and Laroche (2003) identify 53 US union-productivity studies, which
we use for our meta-analysis. The measure of interest is the total productivity differential
between unionized and non-unionized firms. Bootstrapping was undertaken using 1000
iterations (with replacement) from which the distribution of U.S. union-total productivity
effects were generated. The percentile method was used to construct bootstrap confidence
intervals (see Efron and Tibshirani 1993). The lower and upper 2.5 percent of the values of
the generated distribution are used to construct the 95 percent confidence intervals. The
bootstrap confidence intervals so created are centered on the observed data.

The bootstrap confidence intervals (BCI) can be compared to normal meta-analysis
confidence intervals. There are a number of ways in which confidence intervals are

constructed in meta-analysis (for examples see Hedges and Olkin 1985 and Hunter and



Schmidt 1990). However, these are all based on large samples and assume that the meta-
analysis test statistics are asymptotically normally distributed.

Confidence intervals used in meta-analysis are constructed usually around weighted
effect sizes, with the sample size used as the weight. The weighted confidence intervals
(WCI) are given by:

WCI =Pk £t /5 *s5, 1)

Pk is the estimated weighted average union-productivity effect from a set of k studies and is
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calculated as Pk = , Where w; is the sample size of study i. sg is the variance of
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Pk . Hedges and Olkin (1985) and Rosenberg et al. (2000) provide details on the statistical

theory behind these intervals.

Sample size can be used also to assign weights to union-productivity effects when
deriving bootstrap confidence intervals. Each study’s union-productivity effect is adjusted by
sample size and the bootstrap is then applied. We denote these as weighted bootstrap
confidence intervals. Sample size weighted averages and confidence intervals are expected to
be more accurate than unadjusted measures.

Confidence intervals were constructed for three sets of meta-analyses - for all studies,
for studies organized chronologically and for specific industries. The results are presented in
Table 1. The unweighted bootstrap confidence interval when all US studies are used includes
zero (-0.4% to +14%), suggesting no association between unions and productivity. In contrast,
the weighted confidence interval and the weighted BCI do not include zero (+5% to +13%

and +4% and +15%, respectively).



Table 1:

Union-Total Productivity Effects, U.S. Studies

Year K N Mean Weighted BCI Weighted ClI Weighted
Interval Effect Mean (%) (%) BCI
(%) Effect (%)
All
Studies 53 47,469 +7 +9 -0.4to +14 +5t0 +13 +4 to +15
Chronological order

<85 9 10,616 +8 +2 +3 to +13 0to+4 -1t0 +9
85<90 17 2,828 +5 +24 -16 to +24 +20 to +28 +8 to +40
90<95 15 15,168 +10 +0.1 +1to +19 -21t0 +2 -5t0 +11
95<02 12 18,857 +7 +2 0 to +16 +1to +4 -2t0 +12

Sub-groups

Manufactu
ring 9 4,736 +10 +10 -14 to +26 +7 to +13 +3 to +26
Education 8 13,824 +9 +7 -3 to +25 +6 to +10 +0.1to +17

K = number of studies, N = total sample size. BCl= bootstrap confidence interval. Sample size used as weights
for weighed statistics.

Grouping the studies in chronological order illustrates the “evolution” of the findings
in this literature. Interestingly, it is only the studies published between 1985 and 1990 that
have a statistically significant positive union-productivity effect (+8% to +40%).

Separate listings are presented for those studies that explored the impact of unions on
U.S. manufacturing and the productivity impact of U.S. teacher unions. For both industries,
the weighted confidence interval and the weighted BCI do not include zero. The weighted and
unweighted intervals lead to conflicting conclusions regarding the statistical significance of
the estimated positive union-total productivity effect. For this dataset, the unweighted BCls
lead to an erroneous conclusion of no association between unions and productivity. This
difference can be attributed to the influence of many studies with small sizes. For example, 60
percent of the studies that used a sample of 100 observations or less reported a negative
union-productivity association. The use of weighted confidence intervals helps to remove the

impact of this distortion.




We conclude that all the available evidence indicates that unions have a positive and
statistically significant positive effect on productivity in U.S. manufacturing and education, of
10% and 7%, respectively. However, given that U.S. unions appear to increase wages by
around 15% (see Kuhn 1998), there is a net negative impact on profitability.

Should the bootstrap be used to construct confidence intervals? One way to answer
this is to examine Figure 1. This is a histogram of the replicated variances when all studies are
used. If this is normally distributed then the bootstrap would not be the preferred approach.
However, the histogram does not appear to follow the normal distribution. This can be seen
more clearly through Figure 2, which is a quantile-quantile plot of the replicated variances.
The straight line traces the standard normal distribution. It is clear that the two tails of the
replicated variances distribution diverge from the normal distribution. This suggests that the

bootstrap confidence intervals are preferable in the meta-analysis of union-productivity

effects.
Figure 1: Replicated Variances Histogram
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Figure 2: Quantile-Quantile Chart of Replicated Variances

var

Quantiles of Replicates
0.08 0.10 0.12 0.14 0.16
| | | | |

0.06

0.04
\

0.02
\
o
o

\ T \
-2 0 2

Quantiles of Standard Normal

References

Adams, Dean C., Jessica Gurevitch and Michael S. Rosenberg. 1997. “Resampling Tests for
Meta-analysis of Ecological Data”, Ecology, 78(June):1277-1283.

Doucouliagos, C. and Laroche, P. 2003. "What do Unions do to Productivity: A Meta-
Analysis", Industrial Relations, 42:650-692.

Efron, B. and R. J. Tibshirani. 1993. An Introduction to the Bootstrap. Chapman and Hall,
San Francisco.

Hedges, Larry V. and Ingram Olkin. 1985. Statistical methods for meta-analysis, London,
Academic Press.

Hunter, John E. and Frank L. Schmidt. 1990. Methods of Meta-Analysis: correcting error and
bias in research findings, Sage publications.

Kuhn, Peter. 1998. “Unions and the Economy: what we know; what we should know.”
Canadian Journal of Economics 31 (November):1033-56.

Rosenberg, Michael S., Dean C. Adams and Jessica Gurevitch. 2000. MetaWin: Statistical
Software for Meta-Analysis. Version 2.0. Sinauer Associates, Sunderland,
Massachusetts.

Shao, J. and D. Tu. 1995. The Jacknife and the Bootstrap. Springer-Verlag, New York.

Stanley, T.D. 2001. “Wheat From Chaff: meta-analysis as quantitative literature review.” The
Journal of Economic Perspectives 15 (Summer):131-150.

Appendix A: Studies included in the meta-analysis
Allen, Steven G. 1984. “Unionized Construction Workers are More Productive.” Quarterly Journal of
Economics 99 (May):251-274.



Allen, Steven G. 1985. “Why Construction Industry Productivity is Declining.” The Review of
Economics and Statistics 67 (November):661-669.

Allen, Steven G. 1986a. “The Effect of Unionism on Productivity in Privately and Publicly Owned
Hospitals and Nursing Homes.” Journal of Labor Research 7 (Winter):59-68.

Allen, Steven G. 1986b. “Unionization and Productivity in Office Building and School Construction.”
Industrial and Labor Relations Review 39 (January):187-201.

Allen, Steven G. 1988a. “Declining Unionization in Construction: the facts and the reasons.”
Industrial and Labor Relations Review 41 (April):343-359.

Allen, Steven G. 1988b. “Further Evidence on Union Efficiency in Construction.” Industrial Relations
27(Spring):232-240.

Argys, Laura and Rees D. 1995. “Unionization and School Productivity: a reexamination.” Research
in Labor Economics 14:49-68.

Arthur, Jeffrey B. 1994. “Effects of Human Resource Systems on Manufacturing Performance and
Turnover.” Academy of Management Journal 37 (June):670-687.

Bartel, Ann P. 1994. “Productivity Gains from the Implementation of Employee Training Programs.”
Industrial Relations 33 (October):411-425.

Batt, Rosemary. 1999. “Work Organisation, Technology, and Performance in Customer Service and
Sales.” Industrial and Labor Relations Review 52 (July):539-64.

Bemmels, Brian. 1987. “How Unions Affect Productivity in Manufacturing Plants.” Industrial and
Labor Relations Review 40 (January):241-253.

Black, Sandra E. and Lisa M. Lynch. 2001. “How to Compete: The Impact of Workplace Practices and
Information Technology on Productivity.” Review of Economics and Statistics 83
(August):434-445.

Boal, William M. 1990. “Unionism and Productivity in West Virginia Coal Mining.” Industrial and
Labor Relations Review 43 (April):390-405.

Bronars, Stephen G, Donald R. Deere and Joseph S Tracy. 1994. “The Effect of Unions on Firm
Behavior: an empirical analysis using firm-level data.” Industrial Relations 33 (October):426-
451.

Brown, Charles and James L. Medoff. 1978. “Trade Unions in the Production Process.” Journal of
Political Economy 86 (June):355-378.

Byrne, Dennis, Hashem, Dezhbakhsh and Randall King. 1996. “Unions and Police Productivity: an
econometric investigation.” Industrial Relations 35 (October):566-584.

Byrnes, Patricia, Rolf Fare, Grosskopf S. and Lovell C.A. 1988. “The Effect of Unions on
Productivity: U.S. Surface Mining of Coal.” Management Science 34 (September):1037-
1053.

Cavalluzzo, Linda and Dennis Baldwin. 1993. “Unionization and Productive Efficiency.” In The
Measurement of Productive Efficiency, edited by Fried Harold, C.A. Knox Lovell and Shelton
Schmidt, pp.210-20, Oxford University Press.

Caves, Richard E. and David R. Barton. 1990. Efficiency in U.S. Manufacturing Industries, MIT Press,
Cambridge, Massachusetts.

Chezum, Brian and John E. Garen. 1998. “Are Union Productivity Effects Overestimated?: evidence
from coal mining”, Applied Economics 30 (July):913-918.

Clark, Kim. 1980a. “The Impact of Unionization on Productivity: a case study.” Industrial and Labor
Relations Review 33 (July):451-469.

Clark, Kim. 1980b. “Unionization and Productivity: microeconomic evidence.” Quarterly Journal of
Economics 45 (December):613-640.

Clark, Kim. 1984. *“Unionization and Firm Performance: the impact on profits, growth and
productivity.” American Economic Review 74 (December):893-919.

Conte, Michael A. and Jan Svejnar. 1990. “The Effects of Worker Participation in Management,
Profits, and Ownership of Assets on Enterprise Performance.” In New Developments in the
Labor Market, edited by Abraham K. and Mc Kersie R.B., The MIT Press, Cambridge MA,
pp. 59-84.

Cooke, William N. 1994. “Employee Participation Programs, Group-Based Incentives, and Company
Performance: A Union-Nonunion Comparison.” Industrial and Labor Relations Review
47(July):594-609.



Craig, Ben and John Pencavel. 1995. “Participation and Productivity: A comparison of worker
cooperatives and conventional firms in the Plywood Industry.” Brookings Papers:
Microeconomics, pp. 121-160.

Davies, Stephen and Richard E. Caves. 1987. Britain’s Productivity Gap, Cambridge University Press.

Eberts, Randall W. 1984. “Union Effects on Teacher Productivity.” Industrial and Labor Relations
Review 37 (April):346-358.

Edwards, Linda N. and Elizabeth Field-Hendrey. 1996. “Unions and Productivity in the Public Sector:
the case of sanitation workers.” Research in Labor Economics 15:305-328."

Ehrenberg, Ronald G., Daniel R. Sherman and Joshua L. Schwarz. 1983. “Unions and Productivity in
the Public Sector: a study of municipal libraries.” Industrial and Labor Relations Review 36
(January):199-213.

Freeman, Richard B. 1988. “Union Density and Economic Performance: an analysis of U.S. states.”
European Economic Review 32 (March):707-716

Graddy, Duane B. and Gary Hall. 1985. “Unionization and Productivity in Commercial Banking.”
Journal of Labor Research 6 (Summer):249-262.

Grimes, Paul W. and Charles A. Register. 1991. “Teacher Unions and Black Student’s Scores on

College Entrance Exams.” Industrial Relations 30 (Fall):492-499.

Hirsch, Barry T. 1991. Labor Unions and the Economic Performance of Firms, W.E. Upjohn Institute
for Employment Research, Kalamazoo, Michigan.

Holzer, Harry J. 1990. “The Determinants of Employee Productivity and Earnings.” Industrial
Relations 29 (Fall):403-422.

Huselid, Mark A. 1995, "The Impact of Human Resource  Management
Practices on Turnover, Productivity, and Corporate Financial Performance.” Academy
of Management Journal 38 (June):635-672.

Ichniowski, Casey, Kathryn Shaw and Giovanna Prennushi. 1997. “The Effects of HRM Practices on
Productivity: A study of Steel Finishing Lines.” American Economic Review 87 (June):291-
313.

Kaufman, Robert S. and Kaufman Roger T. 1987. “Unions Effects on Productivity, Personnel
Practices and Survival in the Automative Parts Industry.” Journal of Labor Research, 8
(Fall):333-350.

Kleiner, Morris M. and Daniel L. Petree. 1988. “Unionism and Licensing of Public School Teachers:
impact on wages and educational output.” In When Public Sector Workers Unionize, edited by
Freeman and Ichniowski, National Bureau of Economic Research, Chicago.

Koch, Marianne J. and Rita G. McGrath. 1996. “Improving Labor Productivity: Human Resource
Management Policies Do Matter.” Strategic Management Journal 17 (May):335-354.

Kurth, Michael M. 1987. “Teacher’s Unions and Excellence in Education: an analysis of the decline in
SAT scores.” Journal of Labor Research, 8 (Fall):351-367.

Lovell, CA Knox, Robin C. Sickles and Ronald S. Warren. 1988. “The Effects of Unionization on
Labor Productivity: some additional evidence.” Journal of Labor Research 9 (Winter):55-63.

Meador, Mark and Stephen Walters. 1994. “Unions and Productivity: Evidence from Academy.”
Journal of Labor Research 15 (Fall):373-86.

Mefford, Robert. 1986. “The Effect of Unions on Productivity in a Multinational Manufacturing
Firm.” Industrial and Labor Relations Review 40 (October):105-114.

Milkman, Martin. 1997. “Teacher’s Unions, Productivity and Minority Student Achievement.”
Journal of Labor Research 18 (Winter):137-150.

Mitchell, Merwin W and Joe A Stone. 1992. “Union Effects on Productivity: Evidence from Western
US Sawmills.” Industrial and Labor Relations Review 46 (October):135-145.

Mitchell, Daniel J.B., David Lewin, and Edward E. Il Lawler. 1990. “Alternative Pay Systems, Firm
Performance and Productivity.” In Paying for Productivity: a look at the evidence, edited by
Alan S. Blinder, pp. 15-88, Brookings Institution: Washington D.C.

Noam, Eli. 1983. “The Effect of Unionization and Civil Service on the Salaries and Productivity of
Regulators.” Research in Labor Economics, New approaches to Labor Unions, supplement 2,
pp. 157-170.

Register, Charles A. and Paul W. Grimes. 1991. “Collective Bargaining, Teachers, and Student
Achievement.” Journal of Labor Research, 12 (Spring):99-109.

10



Register, Charles A. 1988. “Wages, Productivity, and Costs in Union and Nonunion Hospitals.”
Journal of Labor Research 9 (Fall):325-345.

Schuster, Michael. 1983. “The Impact of Union-Management Cooperation on Productivity and
Employment.” Industrial and Labor Relation Review 36 (April):415-430.

Warren, Ronald S. 1985. “The Effect of Unionization on Labor Productivity: some time-series
evidence.” Journal of Labor Research 6 (Spring):199-207.

Wilson, Kenneth G. 1995. The Impact of Unions on United States Economy-wide Productivity, New
York and London, Garland.

11



