
 

 

 

 

 

 

 

 

THE EFFECT OF UNION DENSITY ON MULTI-FACTOR PRODUCTIVITY 

 

 

 

 

 

 

A Thesis  

submitted to the Faculty of the  

Graduate School of Arts and Sciences 

of Georgetown University 

in partial fulfillment of the requirements for the  

degree of 

Master of Public Policy 

 

 

 

 

 

 

By 

 

 

 

Kelly Chimento Duval, B.A. 

 

 

 

 

 

 

Washington, DC 

April 18, 2006 

 

 



ii 

 

ABSTRACT: 

This study investigates the direct effect of union density on multi-factor productivity 

growth, which is widely accepted as a measure of “technical change” in the economy.  A 

regression analysis was conducted on a panel of 17 OECD countries over the period of 

1990-2003. 

 

An indirect link between union density and multi-factor productivity (through union 

density’s effect on research and development) has been established in the literature, but 

the existence of a direct effect has not previously been explored.  This analysis has found 

that union density has a positive, but insignificant relationship with multi-factor 

productivity.   

 

While this finding signals that union density levels are positively related with multi-factor 

productivity to some extent, the indirect, negative effect of unions on multi-factor 

productivity is likely to outweigh the benefits of the positive relationship that has been 

uncovered in this essay.  Policymakers should continue to create incentives for businesses 

to invest in R&D (which is the major route to growth in multi-factor productivity).  

Incentives to increase R&D will need to be balanced with the desire of policymakers to 

promote higher union density levels due to their positive effects on various other social 

measures, particularly income distribution. 
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Introduction 

 

This study investigates the effect of union density on multi-factor productivity 

(MFP) growth, which is generally accepted as a measure of “technical change” in the 

economy.  MFP is increasingly recognized as a major factor affecting economic growth, 

particularly in developed countries.  Because it is thought to have a strong influence on 

economic growth, it is important for policymakers to understand as much as possible 

about this statistic and what affects it.  In addition to understanding how union density 

affects MFP growth, policymakers should be aware of the ways in which unions affect 

other measures of society’s well-being, the most important of which is arguably income 

equality.  Equipped with a comprehensive understanding of the consequences of union 

density levels, policymakers can take steps to positively affect both MFP growth and the 

distribution of income in the economy.  The central focus of this essay is union density’s 

relationship with MFP growth, however; evidence from previous studies outlining union 

effects on income distribution is also presented here. 

A review of previous research would suggest that union density has a negative 

indirect effect on MFP growth.  Connelly, Hirsch, and Hirschey, (1986) provide evidence 

that unions negatively affect research and development (R&D) expenditures at the firm 

level.  At the macroeconomic level, research has shown that R&D expenditures positively 

affect MFP growth (Guellec and van Pottlesberghe de la Potterie, 2001).  Because 

business R&D is the largest component of total R&D, we conclude that if unions reduce 

R&D spending at the firm-level, then they also decrease R&D spending economy-wide.  
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While an indirect effect of union density on MFP growth is assumed, its effect through 

R&D has never been measured.  To date, a direct effect of union density on MFP growth 

has not been established.  

The idea that unions negatively effect MFP growth through their effect on R&D 

serves as a foundation for this analysis, however, I do not attempt to confirm or measure 

the indirect effect of union density on MFP growth here.  This study is concerned with 

the direct effect of union density on MFP growth.  The expectation is that in addition to 

an indirect effect, union density will also have a negative direct effect on MFP growth 

after controlling for other factors.  This analysis tests whether this assumption holds up to 

the rigors of regression analysis.  If a significant relationship is found, then the regression 

estimates in this analysis will disaggregate the direct effect of union density on MFP 

growth from its indirect effect through R&D spending.   

The analysis consisted of the following steps:  (1) a conceptual model of what 

factors affect MFP growth was constructed, (2) a data set of the variables that were 

determined to affect MFP growth was then assembled from various OECD databases (the 

data includes 17 OECD countries over the period of 1990-2003), and (3) regression 

analysis was conducted on this data set.   The specifics of the model and the results of the 

regression analysis are discussed in later sections.  
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Multi-factor Productivity 

 

Multi-factor productivity is a measure of the change in GDP output that cannot be 

explained by a change in labor or capital inputs (OECD, 2005).  It is generally considered 

to be a measure of “technical change.”  As OECD states, “MFP comes from more 

efficient management of the processes of production through better ways of using labor 

and capital, through better ways of combining them, or through reducing the amount of 

intermediate goods and services needed to produce a given amount of output. Growth in 

MFP is a significant factor in explaining the long-term growth of real GDP (OECD, 

2005).” 

Post-industrial economies have been steadily moving to a more knowledge-based 

economy where a highly-skilled workforce generates an increasingly large proportion of 

a nation’s output from “knowledge-based” industries such as computing, telecom, finance 

and education.   Developed countries compete with one another to provide consumers 

with value-added products and services from these industries.  Countries are challenged 

to innovate in order to remain competitive, and the motivation to continually innovate is 

strong.  A nation’s economy must consistently innovate to sustain its position as a major 

provider of value-added products and services.  Innovations that cannot or do not benefit 

from patent protection (and even some that do, given the exposure of some industries to 

copyright and patent infringement) can be copied and improved upon by competitors.   

Globalization has contributed to the shift of manufacturing from knowledge-based 

economies to developing countries whose population provides an ample supply of 
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relatively inexpensive labor.  Because of this shift, and the increasing importance of 

knowledge-based industries in OECD countries MFP has become a more relevant 

measure in trying to understand the factors influencing growth and competitiveness. 

Furthermore, MFP is increasingly recognized as a better productivity indicator 

than the more widely-used labor productivity.  “… many economists suspect that the 

growth in America's GDP, and hence its labour productivity, is overstated relative to 

Europe's because American statisticians make a much bigger adjustment for 

improvements in the quality of goods, notably computers. In addition, American 

statisticians count firms' spending on software as investment, but in much of Europe it 

counts as a business expense, and so is excluded from final output. Thus the surge in 

software spending since the mid-1990s inflated America's GDP growth relative to 

elsewhere. But because American statistics overstate the growth in capital spending as an 

input as well as an output, comparisons of multi-factor productivity growth are likely to 

be less distorted than those of labour productivity (The Economist, 2004).” 

 

Literature Review 

 

R&D expenditure 

 

 Innovation is thought to increase MFP growth.  Yet, the contribution of 

innovative activity to GDP is very difficult to estimate due to data limitations.  As a 

result, R&D is commonly used as a proxy for innovation (OECD, 2002).  This paper is 

consistent with previous research in that it includes R&D as an explanatory variable in 
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estimating what affects MFP growth.  Researchers provide us with a strong body of 

evidence that points to negative union density effects on R&D. 

Connolly, Hirsch, and Hirschey (1986) offer compelling evidence that unions 

cause firms to decrease their R&D expenditure.  The authors conducted a study that 

looked at 367 firms by industry.  Their underlying theory was that “unions are able to 

affect profitability by sharing in the economic returns to firm-specific intangible capital.”  

In determining the routes through which unions affect profitability, the authors use R&D 

expenditures as an example of “an intangible capital asset whose returns are vulnerable to 

union rent seeking.” They go on to say,  

“The market value of tangible and intangible assets is a 

function of the expected earnings stream, risk-adjusted discount rate, 

and capital stock decay rate.  Comanor and Wilson (1967) have 

argued that intangible capital has a higher discount rate because of 

risk, and a faster decay rate than does tangible capital since 

intangible capital seldom involves easily marketable assets with 

well-defined property rights.  Firm expenditures to protect intangible 

capital (e.g., trade secrets) will be made so long as marginal 

protection costs are less than the marginal returns to protection. 

Whereas both union and nonunion firms bear property right 

enforcement costs in the face of external pressures, unionized firms 

must bear additional costs to protect intangible capital returns from 

internal capture by the union.  These enforcement costs may take 

the form of direct payoffs or be associated with the adoption of 

costly implicit or explicit contract provisions which make labor’s 

interests incentive-compatible with those of the firm (Connelly, 

Hirsch, and Hirschey, 1986).” 

  

On this basis, the authors argue that the unionized firm will bear enforcement 

costs above those borne by the nonunion firm to protect its return on intangible capital 

against union capture.  The authors run two regression models (2SLS and OLS) and find 
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strong support for their hypothesis.  An increase in unionization from zero to 39.1% (the 

sample average) is predicted to reduce R&D as a percentage of sales by 32%. 

 Successive research has confirmed this finding.  Odgers and Betts (1997) tested 

the link between unionization and research and development rates for thirteen aggregate 

Canadian industries and obtained similar results.  Their analysis of panel data for thirteen 

Canadian industries from 1968-1986 showed that unionization has a negative effect on 

research and development rates.   They performed an OLS regression on various control 

variables including union density.  They ran two basic models and concluded that 

industries having an average unionization rate suffered from a reduction of R&D 

expenditures of between 28 and 50 percent. 

 Menezes-Filho, Ulph, and Van Reenan (1998) conducted a similar study on U.K. 

firms using cross-sectional and panel data and found little correlation between 

unionization and research and development rates once firm age and industry traits were 

controlled for.  When using Hirsch’s American data, however, they get robust results, 

leading them to conclude that British unions may have different priorities than their 

American counterparts, such as putting more stress on job security rather than wage 

increases.  A focus on job security versus wage increases would mean no implicit tax on 

R&D returns would exist, which accounts for the difference between the U.S. and the 

U.K.  
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Multi-factor Productivity and R&D  

 

Previous research has also analyzed the relationship between R&D and multi-

factor productivity at the macroeconomic level.  Guellec and van Pottelsberghe de la 

Potterie (2001) analyzed panel data of 16 OECD countries from 1980-1998 and find that 

research and development has a strong effect on multi-factor productivity growth.  Unlike 

previous studies, the authors take major R&D sources into account simultaneously (i.e., 

domestic business R&D, public R&D, and foreign business R&D).  They attempt to 

disaggregate the effect of each source of R&D on multi-factor productivity growth.   

The authors ran several regression models using the SURE estimation method and 

3SLS and controlled for R&D level, MFP level, and R&D growth.  They concluded the 

following: (1) an increase of one percent in business R&D generates 0.13 percent in 

multi-factor productivity growth, (2) the effect is larger in countries that are intensive in 

business R&D, and in countries where the share of defense-related government funding is 

lower, (3) a one percent increase in foreign R&D generates 0.46 percent in productivity 

growth, and the effect is larger in countries intensive in business R&D, (4) one percent 

more in public R&D generates 0.17 percent in productivity growth, and (5) the effect is 

larger in countries where the share of universities (as opposed to government labs) is 

higher, in countries where the share of defense R&D is lower, and in countries which are 

intensive in business R&D. 
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Income Distribution 

 

Unions reduce wage inequality, increase industrial democracy 

and often raise productivity... in the political sphere, unions 

are an important voice for some of society’s weakest and most 

vulnerable groups, as well as for their own members. 
(Freeman and Medoff, 1984) 

 

Despite not being the central focus of this paper, some attention is devoted to 

union effects on income distribution.  Due to the positive effects unions exert on income 

distribution, policymakers may seek to create incentives that encourage labor union 

membership as a means of reducing income inequality.  This is particularly likely given 

that union density levels have been decreasing over time.  This essay first substantiates 

the claim that unions decrease income inequality by providing evidence from the 

literature.  Then, the effect of unions on income distribution is incorporated in the 

discussion about what policymakers can do to address union effects on R&D (and 

therefore, MFP growth). 

 Research on the effect of unions on income equality has shown that unions tend to 

reduce income inequality.  This effect is most often attributed to unions being more 

prevalent in industries with wage earners in the low and middle range.  In an Economic 

Policy Institute Briefing Paper entitled, “How Unions Help All Workers,” Lawrence 

Mishel and Matthew Walters (2003) summarize the wealth of economic research that has 

served to substantiate this relationship.   

“Unions reduce wage inequalities because they raise wages more at 

the bottom and in the middle of the wage scale than at the top. 

Lower-wage, middle-wage, blue-collar, and high school educated 

workers are also more likely than high-wage, white-collar, and 

college-educated workers to be represented by unions. These two 
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factors—the greater union representation and the larger union wage 

impact for low- and mid-wage workers—are key to unionization’s 

role as a major factor in reducing wage inequalities (see Freeman 

1980, 1982; and Freeman and Medoff 1984).  That unionization 

lessens wage inequality is also evident in the numerous studies that 

attribute a sizable share of the growth of wage inequality since 1979 

to the erosion of union coverage (Freeman 1991; Card 1991; 

Dinardo et al. 1996; Blackburn et al. 1991; Card et al. 2003; 

Blanchflower and Bryson 2002). Several studies have shown that 

deunionization is responsible for at least 20% of the large increase in 

wage inequality (Mishel et al. 2003). This is especially the case 

among men, where steep declines in unionization among blue-collar 

and non-college-educated men has led to a rise in education and 

occupational wage gaps. Farber’s (2002) estimate shows that 

deunionization can explain as much as 50% of the growth in the 

wage gap between workers with a college education and those with a 

high school education. (Mishel and Walters 2003).” 

 

Table 1.  Union Wage Premium for Wage Earners 

Union Wage Percent 

Demographic Group Premium Union Source

Occupation

White collar (1997) 2.20% 11.60% Mischel et al. (2003, Table 2.3a)

Blue collar (1997) 23.30% 20.80% Mischel et al. (2003, Table 2.3a)

Education

College (1997) 5.10% 10.40% Mischel et al. (2003, Table 2.3a)

High School (1997) 20.80% 23.60%

All (1992, 1993, 1996) 24.50% NA Gundersen (2003, Table 5.1 and

Appendix C)

High School or Less 35.50% NA

Wage Distribution (1989) Card (1991)

Lowest fifth 27.90% 23.50%

Second fifth 16.20% 30.30%

Middle fifth 18.00% 33.10%

Fourth fifth 0.90% 24.70%

Top fifth 10.50% 17.70%

Source: Mischel and Walters (2003, Table 2)

Union Wage Premium for Subgroups
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Model and Data 

 

In this essay, I explore the theory that union density directly effects MFP growth 

beyond the well-established, indirect effects that occur through its effect on R&D.  The 

estimate of union density’s direct effect on MFP growth controls for business R&D 

intensity, government R&D intensity, R&D level (using number of researchers per 1000 

employed as a proxy for R&D level), R&D growth (using growth in the number of 

researchers per 1000 employed as a proxy for R&D growth), investment in information 

and communication technology as a percentage of GDP, and foreign direct investment 

outflows.  The rational for including these factors as explanatory variables and the 

relationship that I expect to see between these factors and MFP growth is outlined in this 

section. 

Union density is expected to have a negative direct effect on MFP growth because 

unions may constrain the ability of firms to implement innovation that results from R&D, 

thereby reducing the economic value of R&D output.  In order to incorporate increasing 

levels of innovation into the production process, workers may be required to gain 

additional skills or knowledge.  Unions may oppose the implementation of new 

technologies from fear that this will eventually lead to displacement of workers or 

additional requirements or responsibilities on the part of the worker without concomitant 

increases in wages.
1
   

                                                 
1
 There is a weakness however in using union density over collective bargaining coverage, which may be a 

much better measure of union power.  While union density measures the number of union members per population 

employed, collective bargaining coverage also measures how many workers are covered by union action.  “Collective 

bargaining coverage rates can substantially exceed union membership rates (i.e. union density) (OECD, 2004).”  In 
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 R&D was clearly a necessary component of the model.  R&D expenditures as a 

percentage of GDP is commonly referred to as R&D intensity.  Holding other factors 

constant, one would expect that higher levels of R&D intensity would be associated with 

higher MFP growth.  In this model, however, we do not explicitly control for MFP level; 

therefore, I expect R&D intensity in this model to be negatively associated with MFP 

growth.  The explanation for expecting a negative association is as follows:  (1) countries 

that have high levels of R&D intensity will also have high MFP levels, (2) countries with 

high MFP levels will experience lower MFP growth than their counterparts, therefore (3) 

without holding MFP levels constant, higher R&D intensity is expected to be associated 

with lower R&D growth.  As a result of not including the MFP level variable, the effect 

of MFP level on MFP growth is expected to manifest itself through R&D intensity. 

Guellec and van Pottlesberghe de la Potterie (2001) have shown that MFP level 

has a strong and statistically significant negative effect on MFP growth.  They also show 

that R&D level (which is similar to the R&D intensity measure used in this essay in that 

it measures the importance of R&D in the economy) has a small and statistically 

significant negative effect on MFP growth.  We would expect that if Guellec and van 

Pottlesberghe de la Potterie had not explicitly controlled for MFP level, the strong 

negative effect that MFP level has on MFP growth would have shown up through R&D 

                                                                                                                                                 
2000, France had the lowest union density rates at 9.7%, but one of the highest collective bargaining coverage rates at 

92.5% (OECD, 1994).  To date, OECD has collected and published data on collective bargaining coverage for the years 

1980, 1990, and 2000 only. 
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level, overpowering the much smaller, positive effect of R&D level, resulting in a 

negative coefficient overall. 

OECD data for R&D intensity includes total R&D intensity as well as 

breakdowns by type of R&D (i.e. business-performed R&D (BERD), government-

performed R&D (GOVERD) and higher education-performed R&D (HERD)).   Instead 

of using total R&D intensity, BERD and GOVERD were used.  HERD was not used in 

order to avoid multi-collinearity (the correlation between BERD and HERD is 0.6478.)  

Using the breakdown of R&D intensity by type should provide more information about 

whether different types of R&D have different effects on MFP growth.  I would expect 

that both BERD and GOVERD would negatively affect MFP growth, but BERD’s effect 

should be greater due to its greater size. 

Researchers per 1000 employed in this model is a proxy for R&D level in the 

economy.  OECD defines researchers as, “…professionals engaged in the conception and 

creation of new knowledge, products, processes, methods and systems as well as those 

who are directly involved in the management of projects. They include researchers 

working in both civil and military research in government, universities, research institutes 

as well as in the business sector (OECD, 2006).”  The number of researchers in the 

economy should follow the same trend as R&D level.  As R&D intensity increases, more 

researchers are employed relative to the number of 1000 employed, but there remains a 

“stock” of researchers whose work is a continuation of previous investments in R&D.  

Holding all else constant, the level of R&D in a country should be positively associated 

with MFP growth.  I expect that researchers per 1000 employed will have a positive 
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effect on MFP growth.  This result would be consistent with the findings of Guellec and 

van Pottlesberghe de la Potterie (2001) whose study shows R&D level to positively affect 

MFP growth. 

Growth in researchers per 1000 employed is a proxy for R&D growth in the 

economy and is intended to reflect the relationship between R&D growth and MFP 

growth.  The expectation is that R&D growth has a positive effect on MFP growth and 

that this will be reflected in the estimate of the relationship between growth in researchers 

and MFP growth. Again, this result would be consistent with what Guellec and van 

Pottlesberghe de la Potterie (2001) find for R&D growth’s relationship with MFP growth. 

 Investment in information and communication technology as a percentage of GDP 

(ICT) is a factor that is widely believed to contribute to MFP growth.  According to 

OECD, “rapid technological progress in the production of ICT goods and services may 

contribute to more rapid multifactor productivity (MFP) growth in the ICT-producing 

sector.  […] greater use of ICT may help firms increase their overall efficiency, and thus 

raise MFP. Moreover, greater use of ICT may contribute to network effects, such as 

lower transaction costs and more rapid innovation, which will improve the overall 

efficiency of the economy, i.e. MFP (OECD, 2003).”   

 Like R&D, ICT is also a major route to MFP growth.  As was the case with R&D, 

the effect of MFP level is also likely to be reflected through this measure.  As such, I 

expect the relationship between ICT and MFP growth to be negative as is the expectation 

for R&D intensity.  The negative effect of MFP level is significantly large to overwhelm 

the positive effect of both ICT and R&D. 
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 FDI Outflows was also included as a control variable because investments that are 

made in foreign markets are thought to contribute to the transfer of knowledge and 

technology from one country to another.  “Foreign direct investment (FDI) is a key 

element in the rapidly evolving process of international economic integration. FDI creates 

direct, stable and long-lasting links between economies. FDI encourages the transfer of 

technology and know-how between countries, and it allows the host economy to promote 

its products more widely in international markets (OECD, 2006).”  I expect that FDI 

outflows will have a positive relationship with MFP growth. 

 

Model Specification and Definitions 

 

The model is specified below: 

 

MFPit = DENSITYit + BERDit + GOVERDit + RESEARit +  

RESEARG it+ ICTit + FDIOUTit 

 

The variables (for country i and time t) are defined as follows: 

 

1. MFP is the annual growth in percentage of multi-factor productivity.  OECD MFP 

statistics are computed according to convention; MFP growth is the difference 

between the rate of change of output and the rate of change of total inputs.  
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Q = output 

X = inputs 
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2. DENSITY is annual union density calculated as the number of trade union members 

divided by the number of total employed.  Union density data is taken from the 

OECD Labor Market Statistics – Indicators database.  The data is either survey or 

administrative data.  If both administrative and survey data were available for a 

country, the source that had the most complete set of data for 1990-2003 was used.  

For countries that had neither a complete set of administrative nor a complete set of 

survey data, I combined the two sources.  Therefore, a small number of countries 

include a mix of administrative and survey data.    

3. BERD is business R&D expenditures as a percentage of GDP (often referred to as 

business R&D intensity).  The source for BERD statistics is the OECD Main Science 

and Technology Indicators database.  Grossly defined, BERD consists of 

expenditures made on R&D performed by the private sector.  This work is designed 

to increase knowledge through discovery and innovation.  Examples of BERD could 

include expenses made in a pharmaceutical lab to discover a new medicine or 

treatment or expenses made by an oil company to explore and discover applications 

for alternative energy sources. 

4. GOVERD is government R&D expenditures as a percentage of GDP (also referred to 

as government R&D intensity) and also comes from the OECD Main Science and 

Technology Indicators database.  Like BERD, GOVERD consists of expenses made 

to that increase knowledge by discovery and innovation, but the work in this case is 

done by the government and not the private sector.  Examples of GOVERD could 
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include expenditures for research on communicable diseases at a government-funded 

and government-run health organization. 

5. RESEAR is the number of researchers per 1000 employed and is also from the OECD 

Main Science and Technology Indicators database.  RESEARG is the percent 

increase in RESEAR per year.   

RESEARG = 






 −

−

−

1

1

t

tt

RESEAR

RESEARRESEAR
 

 

6. ICT is investment in information and communication technology as a percentage of 

GDP.  “It covers the acquisition of equipment and computer software that is used in 

production for more than one year. ICT has three components: information 

technology equipment (computers and related hardware), communications equipment 

and software. Software includes acquisition of pre-packaged software, customised 

software and software developed in house (OECD, 2006).”  

 

7. FDIOUT is the annual amount of foreign direct investment outflows and is the sum of 

all investments made by a country in all foreign nations.  This investment can be done 

by the government, but is in a large majority done by the private sector, particularly 

multi-national firms. 

 

 

Descriptive Statistics 

 

 Table 2 shows what some basic features of the data are.  The average for MFP 

growth among the 17 countries included in the data set is 1.12% with a standard deviation 
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of 1.44%.  The minimum value is -3.59% (Greece in 1993) and the maximum value was 

6.77% (Ireland in 1997).  The average for union density is 37.83% with a standard 

deviation of 21.88%.  The lowest union density level is 9.6% (France in 2001) and the 

highest level is 87.4% (Sweden in 1994).  The average for BERD is 1.16% with a 

standard deviation of 0.64%.  Greece had the lowest BERD in the data set in 1991 

(0.09%) and Sweden had the highest in 2001 (3.31%).  Average GOVERD is 0.26% with 

a standard deviation of 0.11%.  Ireland has the lowest level of GOVERD in 1999 (0.07%) 

and France has the highest in 1990.  The average number of researchers per 1000 

employed is 6.24 with standard deviation of 2.77.  Greece has the fewest researchers in 

the data set in 1991 (1.70 per 1000 employed) and Finland has the greatest number of 

researchers per 1000 employed in 1993 (17.70).  The average for all ICT observations is 

2.54% with a standard deviation of 0.82%.  Ireland has the lowest ICT as a percentage of 

GDP in 1990 (0.61%) and the United States has the highest in 2000 (4.86%).  There were 

230 observations for FDI Outflows in the data set, the average of which was 27, 504, and 

the standard deviation is 41, 779.  The minimum value was -7381 (Finland in 2003) and 

the maximum value is 233,488 (the United Kingdom in 2000). 
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Table 2. Descriptive Statistics 

 
OBS MEAN SD MIN MAX

MFP 225 1.12 1.44 -3.59 6.77

DENSITY 214 37.83 21.88 9.60 87.40

BERD 224 1.16 0.64 0.09 3.31

GOVERD 214 0.26 0.11 0.07 0.56

RESEAR 212 6.24 2.77 1.70 17.70

RESEARG 194 0.03 0.09 -1.00 0.31

ICT 234 2.54 0.82 0.61 4.86

FDIOUT 230 27,503.67 41,778.50 -7,381.38 233,487.70  
 

 

Table 3 outlines the annual average for each country from 1990-2003.  Sweden has the 

highest union density level at 83.37%, and its average annual MFP growth is 1.03%, 

slightly lower than 1.11% average for all 17 countries’ annual averages.  Italy has the 

lowest average annual MFP growth at 0.29% during the period, and its average union 

density levels (37.12%) are close to the average of all countries combined (37.83%).  

Finland has the highest average number of researchers during the period (11.70 per 1000 

employed).  At 3.15, Italy has the lowest average number of researchers per 1000 

employed during the period.  Growth in researchers in Italy was negative on average  

(-0.09).  Average ICT over the period was highest in the U.S. (3.64%) and lowest in Italy 

(1.16%). 
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Table 3. Averages by Country, 1990-2003 

 
MFP DENSITY BERD GOVERD RESEAR RESEARG ICT FDIOUT

Australia 1.31 34.19 0.74 0.39 7.01 0.03 3.37 4,767.24          

Belgium 0.90 55.14 1.31 0.11 6.39 0.05 2.99 41,842.33        

Canada 0.69 33.13 1.00 0.25 6.32 0.03 2.51 18,402.23        

Denmark 0.47 76.08 1.26 0.28 6.47 0.06 3.12 6,367.67          

Finland 1.72 77.23 1.77 0.38 11.70 0.10 3.30 5,416.76          

France 1.25 9.89 1.40 0.44 6.69 0.03 1.54 54,584.83        

Germany 1.01 28.50 1.63 0.34 6.47 0.02 2.13 38,259.24        

Greece 1.02 29.13 0.16 0.14 2.79 0.08 1.80 620.69             

Ireland 3.82 45.48 0.79 0.10 4.76 0.03 1.16 1,977.79          

Italy 0.29 37.12 0.58 0.22 3.15 -0.09 2.21 10,037.60        

Japan 0.83 23.15 2.08 0.27 9.67 0.01 2.71 27,265.56        

Netherlands 0.64 24.78 1.05 0.32 4.98 0.00 2.27 30,858.56        

Portugal 1.04 27.22 0.17 0.16 2.83 0.07 1.91 2,184.97          

Spain 0.34 15.25 0.45 0.15 3.76 0.06 2.29 17,382.70        

Sweden 1.03 83.37 2.60 0.12 8.84 0.05 3.47 12,412.69        

United Kingdom 1.20 33.63 1.28 0.25 4.97 0.02 2.81 68,343.69        

United States 1.26 14.08 1.88 0.34 8.73 0.02 3.64 111,476.10      

Average 1.11 38.08 1.18 0.25 6.21 0.03 2.54 26,600.04        
 

 

Table 4 shows the correlation between variables in the data set.  The variables that were 

shown to be the most highly correlated with one another was BERD and RESEAR and 

ICT and RESEAR.  BERD and RESEAR are highly correlated at 0.8441.  ICT also has a 

high degree of correlation with RESEAR (0.6304).  The correlation between MFP growth 

and union density is rather weak (0.0641). 

 

Table 4. Correlation Matrix 

 
MFP DENSITY BERD GOVERD RESEAR RESEARG ICT FDIOUT

MFP 1.0000

DENSITY 0.0641 1.0000

BERD -0.0215 0.2033 1.0000

GOVERD -0.1237 -0.1459 0.3554 1.0000

RESEAR 0.1160 0.2822 0.8441 0.3832 1.0000

RESEARG 0.0868 0.2662 0.0237 -0.0090 0.0322 1.0000

ICT -0.1148 0.3056 0.5070 0.1272 0.6304 0.0113 1.0000

FDIOUT 0.0018 -0.3065 0.3146 0.1494 0.2256 -0.0600 0.3445 1.0000  
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Chart 1 further illustrates the rather weak correlation between MFP growth and union 

density.  Average annual MFP growth over the period does not appear to have a strong 

relationship with average union density levels over the same period of 1990-2003. 

 

Chart 1. Average Annual MFP Growth and Union Density 
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Chart 2 shows that despite having high levels of union density, Sweden has the highest 

percentage of R&D expenditures per GDP.  Sweden’s average annual MFP growth rate 

was near the average for all 17 countries (1.03%).  Japan, the United States and Finland 

have the three next highest R&D intensity levels, and all are above 2%.  Surprisingly, 
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Ireland’s R&D intensity level is rather low.  One would have expected this to be higher 

given the country’s strong growth in MFP.   

Chart 2. Business R&D (BERD) and Government R&D (GOVERD) as a % of GDP 
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Results 

 

The effect of labor union density on multi-factor productivity is estimated in four 

separate models.  A fixed effects panel model and a random effects panel model were 

estimated, and both a fixed effect and a random effects model controlling for auto-

correlation were also used.  It was concluded that the best model for this estimation was 

the random effects panel model.  However, the results of the random effects model that 
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corrects for autocorrelation is also discussed because it cannot be ruled out with certainty 

that autocorrelation does not affect the data in this analysis.
 
 

 The fixed effects model is equivalent to using dummy variables for each country.  

This model controls for omitted variables that vary across countries, but are constant over 

time.  The random effects model controls for both for omitted variables that may be 

constant over time and vary between countries and also for omitted variables that may be 

fixed between countries, but vary over time.  A between effects model (which was not 

included in this analysis) controls for omitted variables that change over time, but are 

constant between countries.  The random effects model takes the weighted average 

between the fixed effects and between effects samples.  The choice between using a fixed 

effect model and a random effects model is generally done by running a Hausman test 

(Stock and Watson, 2003).  

The Hausman test tests the null hypothesis that the coefficients estimated by the 

efficient random effects estimator are the same as the ones estimated by the consistent 

fixed effects estimator.  Fixed effects always give consistent results with panel data, but 

these results are not always the most efficient.  If the Hausman test shows that a random 

effects model can be used, one will have efficient estimators and better p-values.  A 

Hausman test that yields an insignificant p-value signals that it is safe to use the random 

effects model (Stock and Watson, 2003). 

Results were also estimated in another set of fixed effects and random effects 

regressions that corrected for autocorrelation.  Because our data is cross-sectional, time-

series data, our data may be serially correlated.  Serial correlation is a frequent problem 
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in analyzing time-series data.  With serial correlation (otherwise known as 

autocorrelation) error terms are correlated across time.  “With first-order serial 

correlation, errors in one time period are correlated directly with errors in the ensuing 

time period. With positive serial correlation, errors in one time period are positively 

correlated with errors in the next time period. Serial correlation will not affect the 

unbiasedness or consistency of OLS estimators, but it does affect their efficiency. With 

positive serial correlation, the OLS estimates of the standard errors will be smaller than 

the true standard errors. This error leads to the conclusion that the parameter estimates 

are more precise than they really are. There will be a tendency to reject the null 

hypothesis when it should not be rejected (Princeton University, 2006).”  Autocorrelation 

is tested via a test developed by Wooldridge (Wooldridge, 2002).  Drukkar (2003) 

created the xtserial command in STATA that calculates the result of this test.
2
  If a 

correction for autocorrelation must be made, the choice between using a fixed or random 

effects model is done by running a Hausman test.  

The random effects model allows us to control for both omitted variables that are 

fixed across countries and vary over time, as well as those that are fixed over time and 

vary across country (Stock and Watson, 2003). With this model, ICT is significant at the 

95% level and RESEAR is significant at the 90% level.  When the same model is run 

correcting for autocorrelation, five of the seven variables have statistically significant 

                                                 
2
 The results of Drukkar’s test in STATA indicated that it was not correcting for autocorrelation was 

unnecessary.  However, there is some controversy about whether this test is always applicable.  The data 

set used for the analysis in this paper is relatively small.  The effects of autocorrelation, although present, 

may not be picked up by the test due the size of the data set.   
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coefficients.  In the autocorrelation-corrected model BERD, RESEAR, and ICT are 

significant at the 95% level.  Density and FDI outflows are significant at the 90% level.  

The signs of the coefficients are consistent between the two models. 

 

Table 5. Regression Results 

Dependent variable MFP

Regressions RE RE
1

DENSITY 0.183 0.079*

BERD 0.144 0.04**

GOVERD 0.373 0.311

RESEAR 0.059* 0.009***

RESEARG 0.677 0.907

ICT 0.012** 0.001***

FDIOUT 0.180 0.097*

Number of countries 17 17

Adjusted R-squared 0.1952 0.2078

p-values

 

Union density is shown to have an insignificant and slightly positive relationship 

with MFP growth (this relationship is statistically significant at the 90% level when 

autocorrelation is corrected).  This result is the opposite of what was expected to be the 
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sign of this relationship.  One explanation is that the initial expectation was wrong and 

unions have a positive relationship with MFP growth.  Freeman and Medoff (1984) 

conclude that unions have on average a positive effect on productivity, but that union 

productivity effects vary substantially across firms.  Successive researchers have tested 

and agreed with the authors’ conclusion. 

More relevant for the purpose of this paper is a recent study by Black and Lynch 

(2000) who look at the relationship between workplace innovation and firm productivity 

and wages.  The effect of unions on these measures is also considered.  The authors find 

that “firms that re-engineer their workplaces and incorporate more high performance 

practices experience higher productivity. For example profit sharing is associated with 

increased productivity and employee voice has a large positive effect on productivity 

when it is done in the context of unionized establishments. These workplace practices 

appear to explain a large part of the movement in multifactor productivity over the period 

1993-1996.”  This paper’s finding that union density has a slightly positive relationship 

with multi-factor productivity is consistent with what Black and Lynch (2001) have 

found.   

The relationship that is found between R&D expenditures and MFP growth is 

consistent with the findings of Guellec and van Pottlesberghe de la Potterie (2001).  In 

their study of 16 OECD countries, the authors find that, controlling for MFP level, R&D 

level and growth in R&D have positive relationships with MFP growth.  MFP level has a 

statistically significant negative effect on MFP growth.  This helps to confirm the logical 

theory put forth that MFP level and MFP growth are negatively correlated and therefore 
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countries with high MFP levels will have low MFP growth.  Our coefficients on BERD 

and GOVERD are negative because we do not explicitly control for MFP level.  In the 

autocorrelation-corrected model, BERD is statistically significant at the 95% level. 

Researchers are shown to have positive relationship with MFP growth as was 

expected.  The ratio of researchers per 1000 employed is a function of R&D spending but 

is also thought to have an effect on MFP growth above and beyond that of R&D 

spending.  For example, if two countries have equal levels of R&D expenditure, the 

country with the highest ratio of researchers per 1000 employed in the population is more 

likely to be successful in extracting benefits from R&D spending through the work of 

researchers who discover, develop, and implement new technologies or processes.  

Researchers is statistically significant at the 90% level and at the 99% level in the 

autocorrelation-corrected model. 

Growth in the number of researchers is proxy for growth in R&D expenditures.  

While researchers is designed to control for R&D levels in the economy, growth in 

researchers is designed to control for growth in R&D levels.  Holding all else constant, 

one would expect greater growth in R&D levels to be associated with higher MFP 

growth.  This expectation is confirmed in this model.  

ICT is expected to positively affect MFP growth.  Investment in information and 

communication technology should improve the efficiency of labor and capital without an 

increase in labor and capital inputs.  But, here we are confronted with the same situation 

as with R&D spending.  The effect of ICT on MFP is negative.  The explanation for this 

relationship is the same explanation that we have discussed for R&D intensity and MFP 
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growth.  Countries that already have high levels of ICT investment should have high 

levels of MFP.  Since high MFP levels are associated with low MFP growth (all else 

equal), higher ICT investment will be negatively correlated with MFP growth.  The 

negative coefficient on ICT confirms this relationship.  ICT is statistically significant in 

both the basic model (at the 95% level) and in the autocorrelation corrected model (at the 

99% level). 

FDI outflows was included as a control variable because in investing in foreign 

countries, firms are likely to acquire knowledge about technologies and processes from 

foreign countries that are brought back to the domestic market, and consumed by 

domestic competitors to eventually become a fixture in the domestic economy.  This 

results in increasing levels of innovation and, in turn, MFP growth.  FDI outflows were 

shown to have a positive relationship with MFP growth, but the magnitude of this effect 

is extremely small.  In the autocorrelation-corrected model, FDI outflows are statistically 

significant at the 90% confidence level. 

 

Conclusion 

 

 “As long as unionized companies operate in a competitive 

environment, poor economic performance implies a continuing 

decline in membership, absent changes in labor law favorable 

toward union organizing. Yet deleterious union effects on 

performance tend to undermine rather than buttress the case for 

labor law reforms that increase union strength. Policies that 

enhance competition in product and factor markets promote 

economic growth and limit the costs associated with unionism, yet 

do little to facilitate the exercise of collective voice and employee 

participation in the workplace.” – Barry T. Hirsch 
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 Although a positive direct relationship between union density and MFP growth 

was seen in this study, the estimate of union density’s direct effect resulting from our 

preferred model was statistically insignificant.  Stronger evidence of a positive direct 

relationship would need to be established before policymakers can be confident of the 

nature of union density’s direct effect on MFP growth.  The direct relationship that was 

found between the two measures was small and the magnitude of the direct effect may be 

overwhelmed by the negative, indirect effect of union density on MFP growth.    

 As such, there are steps that policymakers can take with respect to union density 

levels that balance the desire to reduce income inequality and increase MFP growth.  

Policymakers can create incentives and laws that increase union density levels, but at the 

same time, in order to increase MFP growth, government should heavily subsidize R&D 

at firms with high union density rates.  The cost to the employer of increased union 

density must be offset in order for the employer to continue to invest in R&D at the same 

level.  Firms would be rewarded for union density levels with R&D subsidies.  Since one 

of the major goals of policymakers in this situation is to increase MFP growth, the 

outcome of R&D subsidies will need to be measured.  The most difficult aspect of this 

program will be measuring the economic value of R&D output to avoid rewarding 

inefficient firms with R&D subsidies.   
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