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Trade Unions and Productivity:
Conventional Estimates

Dennis R. Maki

This paper discusses the issues and concepts involved here,
criticizes recent studies and suggests an agenda for future
research. The author also presents some empirical results pertain-
ing to Canadian manufacturing.

Although the question of the effect of trade unions on productivity has
been researched for a long time, ! the literature on the subject is still scanty,
and many unanswered questions remain. While there are many potential
reasons for this state of affairs, surely the most important must be the con-
ceptual difficulty of defining and measuring productivity in the first place,
with even leading experts in the area disagreeing about current practice?.
Further, the question is basically an empirical one, since there exist abun-
dant theoretical arguments for both positive and negative effects, but data
appropriate for investigating the question are generally lacking. In par-
ticular, factor share data for union versus nonunion labour are not
available, and even unionization data are highly aggregated and of dubious
quality, at least in the Canadian case?. Partially for this reason, most of the
empirical work on the effect of unions on productivity has been of a case
study nature®. However, if one is interested in the more macroeconomic ef-
fects of unions, case study results can lead to erroneous conclusions because
of the potential existence of various spillovers’. For example, nonunion

* MAKI, Dennis R., Professor, Department of Economics, Simon Fraser University

1 BOK and DUNLOP (1970) report economists have debated the question ‘‘for more
than a century and a half’’. Quoted in BROWN and MEDOFF (1978).

2 See comments by JORGENSEN (1980).

3 The same comments about the nature of the data probably pertain to the U.S. For ex-
ample, the unionization estimates presented by FREEMAN and MEDOFF (1979), contain a
large number of industries for which union membership exceeds covered workers, a logical
possibility, but highly unlikely circumstance.

4 As noted by BROWN and MEDOFF (1978, p. 355), who present more aggregated
analysis. For a recent case study approach, see CLARK (1980).

s Spillover effects of unionization have been noted and discussed in the literature deal-
ing with the effect of unions on wages. Analogous arguments would seem to apply in the case
of productivity. See STARR (1973) for a lucid discussion.
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firms might change their production technology in an attempt to prevent
unionization or at least minimize the effects if it should occur — a sort of
“‘threat effect’’. Another sort of spillover could occur if, e.g. unionized
firms became more productive due to unionization,® then their nonunion
competitors in the product market may be forced to change their produc-
tion technology to prevent loss of sales. While these arguments point to the
desirability of measuring the productivity effect of unions at some ag-
gregate level, they also suggest the difficulty of doing so.

This paper makes two contributions to the literature in this area. First,
a discussion of the issues and concepts involved, together with a critique of
recent studies, suggest an agenda for future research. Second, some em-
pirical results pertaining to Canadian manufacturing are presented.

POTENTIAL EFFECTS OF UNIONS ON PRODUCTIVITY

Since the main arguments are summarized elsewhere,” only a brief
review of the highlights is presented here. Rees (1963) has presented an ex-
cellent statement of the detrimental effects of unions on output (and hence
productivity) in the perspective of the usual neoclassical paradigm. There
are two main effects. First, by raising wages in unionized firms above those
in nonunionized firms, assuming unionized employers respond by increas-
ing the capital-labour ratio and the nonunion labour market is competitive,?
unions cause reallocation of labour from higher to lower marginal produc-
tivity employment. Second, various work rules negotiated by unions, rang-
ing from the infamous ‘‘make work’’ and ‘‘feather-bedding’’ practices to
simple seniority systems, may prevent employers from selecting their profit
maximizing (most efficient) production technology. While some more
‘“‘sociologically oriented’’ writers have questioned the validity, even for
analytical as opposed to policy purposes, of comparing a partially unioniz-
ed world with a competitive ideal which never has and probably never could
exist in practice,® the two arguments presented above form the theoretical
base for expectations of a negative effect of unionization on productivity.

The arguments for a positive effect are more eclectic. One argument,
compatible with Leibenstein’s (1966) concept of X-efficiency but not

6 This is the sign of the effect found empirically by BROWN and MEDOFF (1978) and
CLARK (1980), but it is used here purely for illustrative purposes.

7 See, for example, BROWN & MEDOFF (1978).

8 This is a sufficient, but not necessary set of assumptions. Several other ‘‘stories’’ lead
to the same conclusion.

9 See MACDONALD (1966).
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necessarily derived from it, contends that when faced with higher produc-
tion costs due to unionization, management is ‘‘spurred’’ to make changes
in operations which exploit previously ignored opportunities to increase
profits, and this more than offsets the direct negative effects of unioniza-
tion on productivity. Another argument notes that the advent of increased
fringe benefits, seniority systems and grievance procedures, assumed to
coincide with unionization, increases worker motivation and hence produc-
tivity. A more tangible variant of this argument notes that unionization ap-
pears to reduce voluntary turnover,!? increasing worker experience and the
willingness of employers to provide training, both of which might increase
productivity.

Even given this abbreviated list of potential effects, it is clear that the
overall effect of unions on productivity is an empirical question. It is also
clear that, for purposes of testing theoretical implications, there are a
number of other, potentially more interesting, empirical questions. In
essence, whatever the overall effect, what are the magnitudes of the separate
positive and negative effects, and from what causes do they follow?

CONSIDERATIONS REGARDING PRODUCTIVITY DEFINITIONS

Thus far, we have used the term ‘‘productivity’’ as if it were a well
defined concept. In reality there are many possible definitions of produc-
tivity, labour versus total factor productivity, for example; and marginal
versus average concepts. Further, as May and Denny (1979, page 764) point
out, ‘‘It is quite possible that an industry with relatively high productivity
using one measure has relatively low productivity using a different
measure.’’ Finally, one can discuss productivity as a point in time concept,
i.e., a scale parameter in some production function; or in dynamic terms,
i.e. the rate of change of that parameter over time.

The choice of definition obviously depends upon the question of in-
terest, and it should be noted that the effects noted in the previous section
cannot all be investigated using the same measure. The concept of
X-efficiency, for example, calls for some measure of total factor productivi-
ty (or perhaps some measure of management productivity), while depar-
tures from Pareto Optimality require measures of marginal labour produc-
tivity.

10 See FREEMAN (1977).
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CONSIDERATIONS REGARDING PRODUCTIVITY MEASUREMENT

Recent studies have investigated the static form of productivity using a
Cobb-Douglas form of production function!!. The conventional use of this
form of function does not allow testing of whether it is labour productivity
or total factor productivity which is affected by unionization, though
separate estimates are derivable!2. This restrictive property of the Cobb-
Douglas form is particularly bothersome in the present context. If the only
effect of unions is to raise wages of covered workers, and employers res-
pond by moving back along their derived demand curves until the marginal
product of labour is equal to the new wage rate, the resulting increase in
productivity is measured as ‘‘due to’’ unions. In a sense, this may be the
case, but it is not a very interesting effect. Clark asserts (1980, p. 454), ‘‘ the
traditional effect of unionization on input ratios is assumed to be captured
in changes in the capital-labour ratio...”’. It is easily demonstrated that this
is not the case for a Cobb-Douglas production function. Ilustrating with a
simple constant returns to scale (CRTS) production function:!3

Y = ALt=K> )

where Y is output, L is labour input, K is capital input and A and ‘“a’’ are
parameters. Equating marginal products to factor prices, w and r for labour
and capital, respectively, yields:

8Y/8K = aA (L/K)! =r 2

8Y/8L = (1-a)A(L/K)* = w 3
Assume a firm initially in equilibrium at values of w and r such that (2) and
(3) are simultaneously satisfied. Then assume a union raises w to w’>w.
Equality in (3) could be attained by raising (K/L) sufficiently, but this
would destroy equality in (2). The only way both equations can be satisfied
is to allow either A or ‘“a’’ to change as well as (K/L), and the conventional
solution has been to estimate an equation of the form:

In(Y/L) = b, + b,In(K/L) + bU @)

11 BROWN and MEDOFF (1978) use pure cross-section data, and hence cannot in-
vestigate dynamic effects using their data base. CLARK (1980) chooses to model the effect of
unions as a step function, i.e. a scale factor shift, rather than a change in the time trend. Clark
also reports that experimentation with other types of production functions did not change the
inferences derived.

12 See BROWN & MEDOFF (1978, p. 361). Assuming constant returns to scale, the pro-
ductivity differential of union establishments is simply labour’s share times the productivity
differential of union workers.

13 Neither CLARK (1980) nor BROWN and MEDOFF (1978) found any basis for rejec-
ting CRTS.
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where U is same measure of unionization, i.e. to allow A to change. Since A
is interpreted as the total factor productivity parameter, the conclusion of
such an approach is that if unions manage to raise the price of labour
relative to capital, and employers are not ‘‘forced off their demand
curves’’, then unions increase total factor productivity. The contention
herein is that it would be instructive to investigate functional forms that
allow labour’s share to change, instead of or in addition to total factor pro-
ductivity'. An obvious corollary to this point is that we are concerned with
total factor productivity, and not the investigation of the extent to which
employers have been ‘‘forced off their demand curves’’ by unions.

Stated another way, we would like to investigate the nature of changes
in the isoquant map caused by unionization, and are not very interested in
simple substitution effects (movement£tong existing isoquants) or perhaps
even movements from one isoquant to another in an existing map (scale ef-
fects). It is not clear how these questions may best be empirically in-
vestigated, * but it appears that functions more general than Cobb-Douglas,
i.e. the translog, may offer a reasonable starting point. The translog may be
viewed as a second order Taylor series expansion approximation of any
unknown production function. For this reason, we include some estima-
tions based on a translog form in the empirical section of this paper, though
the impact of unionization was measured only in conventional ways.

Following Brown and Medoff (1978), one estimation was undertaken
using a Cobb-Douglas function where labour’s share was a linear function
of unionization. This consisted of estimating a function:

In(Y/L) = b, + b,In(K/L) )
The production function underlying this estimating equation is:

Y = Ae buK(a-cu)L (1-a+cu) (6)

which assumes that labour’s share increases linearly with U. When U =
zero, the marginal conditions are still given by equations (2) and (3). When
U = unity, the marginal conditions are:

8Y/8K = Ae™(a-cu)(L/K)\a+w = r @)
O0Y/OL = Ae®(l-a+cu)(L/K)twa = w ®)

If the introduction of the union raises the wage rate, equality of the
marginal conditions can be attained with b greater than, less than, or equal

14 BROWN & MEDOFF (1978, p. 370) tested a functional form allowing labour’s share
to change, but did not report their results, stating that they could not estimate both effects with
‘“any precision’’ due to collinearity.

15 See NADIRI (1970) for general discussion unrelated to the unionization question.
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to zero, because two ‘‘variables’’ (the factor ratio and the constant c) are
sufficient to satisfy two equations. Thus the effect of unions on total factor
productivity, given by the coefficient b, is not constrained to be positive due
to simple substitution effects. This estimation is not viewed as ‘‘the’’ solu-
tion to the problem, and is included merely to indicate the effect of relaxing
the conventional assumption.

A second measurement consideration, which is the focus of the dif-
ference between Jorgensen and Mansfield,!'s is whether one measures
changes in net productivity (output defined as value added and using only
capital and labour as inputs) or gross productivity (output defined as
shipments and using capital, labour and materials as inputs)'’. Jorgensen’s
argument that the potential effects of rapidly changing energy prices in the
1970’s mandate consideration of gross productivity is persuasive, but this
approach requires more data than the net productivity approach. If the re-
quisite data are not available, or if available, are of poor quality, the net
productivity approach may be preferable. This point is elaborated below.

A third consideration relates to the degree of disaggregation by in-
dustry to be employed. This is of course partially determined by the ques-
tion(s) of interest and data availability, but there are reasons to suspect ag-
gregation bias may increase, and homogeneity of inputs decrease, with the
degree of aggregation. Conceptually, dynamic productivity effects could be
investigated using time series data at a very high level of aggregation, but in-
vestigation of static differences requires cross-section variability.

A fourth measurement consideration relates to the number of
characteristics, other than the degree of unionization, which are to be
simultaneously investigated. Mansfield (1980) considers expenditures on
basic research and applied R & D as well as unionization as factors affecting
productivity growth. Clark (1980) treats production workers and super-
visory labour as separate inputs, and includes a variable measuring the rate
of utilization of capital (a cyclical factor proxy). Brown & Medoff (1978) in-
clude a variable measuring the ‘‘recentness’’ of the capital stock (a vintage
effect proxy) as well as introducing regional control variables to capture the
geographical concentration of different industries. All of these
characteristics were found to be statistically significant in the various
studies noted, and this brief review is of course not exhaustive of variables
which could be considered. Given relatively small samples of available data,

16 See again the comments by JORGENSEN (1980).

17 The parenthetical definitions are only indicative of the difference in approaches.
Shipments should be adjusted for inventory change, materials may be disaggregated to
separate fuel and power, and other inputs such as research and development (R & D) efforts
may be included.
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multicollinearity would be expected to be a serious problem if a large
number of these characteristics were to be simultaneously investigated.

A fifth measurement consideration is the question of adjusting the
labour inputs for quality differences. As Clark notes:

“‘the union wage effect gives firms incentive to recover costs by substituting higher
for lower quality workers. The implication is that the capital-labour ratio must be
adjusted for labor quality differences in order to identify the union impact due to
organizational factors.’’ (Clark, 1980, pp. 453-4).

Both Clark (1980) and Brown and Medoff (1978) go to some lengths (using
very different approaches) to adjust for these quality differences, and both
studies conclude that it makes very little difference whether the adjustment
is made.

Finally, it should be noted that there is often more than one data series
available as a measure of some variable, and more often there is no
theoretically correct available series, and some proxy is used. As an example
of the former case, net output can be measured as value added (say from the
Census of Manufactures) or as gross domestic product by sector of origin
(from the National Income Accounts). As an example of the latter problem,
labour costs are often proxied by the wage bill, owing to lack of data on
fringe benefit costs.

Given the considerations discussed in this and the preceding section it is
apparent that the effect of unions on ‘‘productivity’’ can be measured in a
large number of ways, and it is not clear theoretically that any one approach
is ‘““correct’’. Therefore, the contention herein is that a number of empirical
investigations should be undertaken. If the findings from these are compati-
ble, some consensus on the effects of unions on productivity may begin to
emerge. If they are not compatible, some focus for needed theoretical work
will hopefully become apparent.

The empirical estimates in the following section are presented in light
of this position. They give some information about probable effects of
unions on productivity; but are not defended as the only correct (or even the
best possible) estimates. In particular, they use conventional approaches
which impose restrictions between labour and total factor productivity
estimates, except for the final estimate given as equation 11.

EMPIRICAL ESTIMATES — CONVENTIONAL FORMULATIONS

The nature of the estimations undertaken was conditioned partly on in-
terest and partly on data availability. Recent studies of the effect of unions
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on the /level of productivity!® found a positive effect, while studies produc-
ing estimates of the effect of unions on the rate of change of productivity!®
found a negative effect. It was decided to concentrate on static effects in
this paper, since the finding of a positive effect seemed intuitively less
plausible than the results of the dynamic analyses. This necessitated the use
of cross-section data. To increase the degrees of freedom available, it was
decided to pool the data over time. At this point, data availability virtually
dictated the sample. Unionization data by industry as published by the
Department of Labour were reported under the 1948 Standard Industrial
Classification (SIC) through 1966, although the data on value added,
employment and so forth, as published by Statistics Canada, were reported
under the 1961 SIC as of 1961. It is impossible to reconcile the 1948 and
1961 SIC codes for any reasonably comprehensive sample of industries,
meaning that 1967 was the earliest year for which comparable data were
available. The latest data available at time of writing were for 1977, and for
all variables, only annual data are published. Finally, although all required
data are available by the 3-digit SIC, the changeover from the 1961 to 1971
SIC again occurred at different time points for the unionization data from
the Department of Labour versus the other series from Statistics Canada.
Since the changes involved in the 1961 to 1971 SIC change do not seriously
affect the 2-digit level of aggregation, it was decided to work at this level.
Because of missing data problems in the unionization series, three in-
dustries: textiles, knitting mills and clothing industries, were combined into
a single category. This yielded 17 industries for analysis, comprising all
manufacturing industries except the ‘“‘miscellaneous’’ category?. This yields
187 observations (17 industries for 11 years), but 4 observations (1967-70,
inclusive, for non-metallic mineral products) had to be deleted because of
missing unionization data. Hence all estimations reported herein are based
on 183 observations of raw data.

There are two important results of this sample selection. First,
estimates of effects based on variability over time versus estimates of effects
based on cross-section variability may differ due to differences in data
quality between the two dimensions?!. Partly for this reason, some of the
analysis is presented in the form of means over the eleven year period. The

18 CLARK (1980) and BROWN & MEDOFF (1978).

19 MANSFIELD (1980) and KENDRICK (1973).

20 A technical appendix listing the industries considered and giving detailed variable
definitions and data sources is available from the author on request.

21 The unionization data in particular display considerable year-to-year variation around
a trend. They apparently represent tabulations of returns of a questionnaire, with no adjust-
ment for non-return. Since only the ratio, covered workers divided by total workers, is used,
the problem may not be serious.
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other point which should be noted is that there is no industry in the data set
which was in any year less than 50 per cent unionized. Hence all we can
estimate with reasonable confidence is the effect of an increase in unioniza-
tion, in the range of 50 to 100 per cent. Given potential nonlinearities, it
would be hazardous to make counterfactual predictions of what productivi-
ty ““would have been’’ if unionization were zero, based on the data used
herein.

Two considerations led to the use of a net productivity approach rather
than a gross productivity approach. First, multicollinearity problems in the
estimation of translog production functions increase severely as the number
of inputs considered increases. More important, input price indices disag-
gregated to 2-digit SIC are not available, and the blanket application of
price indices for manufacturing as a whole to all 2-digit industries would
surely have produced very misleading results?2,

On the basis of presumed homogeneity of inputs, it was decided to
define output as value added from manufacturing activity and labour input
as production worker man-hours. Unionization rates pertain to non-office
employees only. Data exist to perform the estimations on the basis of total
activity?. Capital inputs were measured as total capital, despite previous
studies showing that, at least for some purposes, one should disaggregate
into structures versus equipment?. Data to perform this disaggregation are
available. No adjustment for quality differences in the labour input were
made prior to calculating productivity measures, largely on the basis of
previously cited findings that such adjustments made little difference.
Again, data for making at least crude adjustments are available. Finally,
other factors, such as R & D expenditures, were not considered.

Using the data set selected, the null hypothesis tested was: H: Trade
unions have no effect on the level of total factor productivity. This
hypothesis was tested a number of ways, using both a Cobb-Douglas pro-
duction function and a Translog production function. Within each of these
functional forms, the effect of factors other than unionization was allowed
for in some estimations by introducing intercept dummies for each industry
(capturing any industry specific productivity effects which were constant
over the period of analysis), and by introducing two types of time trends: (i)
a simple overall trend, or (ii) a set of dummy variables for each year (captur-
ing cyclical effects as well as nonlinear secular trends). For the translog

22 Consider, for example changes in the price of purchased inputs for petroleum refining
as opposed to wood products, over the period considered.
23 Labour input would have to be measured on an employment basis, since hours data

are not available for non-production workers.
24 See BERNDT and CHRISTENSEN (1973) and WOODLAND (1975).
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form, some results are not constrained for Hicks’ Neutral Technical Change
(HNTC). These use a quadratic time trend with a time-factor ratio interac-
tion term. The results based on Cobb-Douglas are reported in Table 1, and
the Translog results in Table 2.

Following this, various productivity measures averaged by industry
were calculated from the parametric estimates excluding the unionization
variable. These results are reported in Table 3.

The next three subsections of this paper present a description of how
the estimations were performed. Interpretation of the results is contained in
the section following this presentation.

Estimates Based on the Cobb-Douglas Function

Several estimations were performed using a Cobb-Douglas production
function constrained for CRTS. The first was simply to add U as a regressor
in an equation with In(Y/L) as function of In(K/L). This can be justified
either by following Brown and Medoff (1978) in assuming that labour pro-
ductivity differs between union and non-union labour in such a manner that
the ratio of the two marginal products is a constant, or by following Clark
(1980) in assuming that unionization represents a shift in the total factor
productivity parameter (intercept)?. Since a number of variants were
estimated, the results are presented in tabular form in Table 1. Equations
(1.7) through (1.9) are discussed in the section dealing with the industry
average estimates.

Estimates Based on the Translog Function

A two-factor translog production function, constrained for CRTS and
HNTC, can be written:

In(Y/K) = by + b, Time + b,In(L/K) + bs[ (1n2L)2 - (InL)(InK) + (iInk 2] ®
2

the term in square brackets is denoted SOTRM in Table 3 (mnemonically,
“‘second order term’’). Some estimates not incorporating a constraint for
HNTC are also reported. This involves adding two terms to the right-hand-
side of equation (9).

25 CLARK (1980) uses a dummy variable for unionization in his case study approach.

His assumption must be extended to assume the logarithm of the scale factor increases linearly
with U for present purposes.



