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CHANGES IN THE DEMAND FOR SKILLED LABOR 

WITHIN U. S. MANUFACTURING: EVIDENCE FROM THE 

ANNUAL SURVEY OF MANUFACTURES* 

ELI BERMAN 

JOHN BOUND 

Zvi GRILICHES 

This paper investigates the shift in demand away from unskilled and toward 

skilled labor in U. S. manufacturing over the 1980s. Production labor-saving 

technological change is the chief explanation for this shift. That conclusion is based 

on three facts: (1) the shift is due mostly to increased use of skilled workers within 

the 450 industries in U. S. manufacturing rather than to a reallocation of 

employment between industries, as would be implied by a shift in product demand 

due to trade or to a defense buildup; (2) trade- and defense-demand are associated 

with only small employment reallocation effects; (3) increased use of nonproduction 

workers is strongly correlated with investment in computers and in R&D. 

INTRODUCTION 

As has been well documented, skill differentials rose sharply 

over the 1980s. Current Population Survey (CPS) data show that 

earnings differentials between high-school and college graduates 

rose by more than ten percentage points over the decade. Occupa- 

tional differentials also rose. The Employment Cost index shows 

that between 1979 and 1989, the earnings differential between 

operatives on the one hand and managers and professionals on the 

other rose by ten percentage points, while the differential between 

laborers and operatives rose by four. While the increase in skill 

differentials has been well documented (e.g., Murphy and Welch 

[1989, 1992]; Bound and Johnson [1991]; Katz and Murphy 

[1992]), there is no consensus as to its explanation. Part of the 

widening educational differential can be attributed to a slowdown 

in the rate of growth of the college-educated population accompa- 

nied by continued growth in the demand for educated labor 

*We have benefited from the comments of seminar participants at the 
University of Michigan, the University of Illinois, the University of Maryland, 
McMaster University, the Massachusetts Institute of Technology, and the NBER 
Labor Studies sessions and from comments on previous drafts by Jacob Mincer, 
Charles Brown, and an anonymous referee. We would like to thank Donald Siegel, 
Wayne Gray, Matthew Shapiro, and Frederic Scherer for providing data, John Horn 
and Shawn Chen for providing capable research assistance, and Cynthia Glovinsky 
and Carol Crawford for help in preparation of the manuscript. We would also like to 
acknowledge the financial support of the National Science Foundation and the 
Bradley Foundation. 

? 1994 by the President and Fellows of Harvard College and the Massachusetts Institute of 

Technology. 
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[Murphy and Welch 1989; Katz and Ravenga 1989; Katz and 

Murphy 1992; Katz, Loveman, and Blanchflower forthcoming], but 

the source of this growth in demand remains unexplained. 

In the research reported here we rely on data drawn from the 

Annual Survey of Manufactures (ASM), the Census of Manufac- 

tures and the NBER trade data set to examine possible explana- 

tions for skill upgrading within U. S. manufacturing. To date, most 

work done on the widening of skill differentials has used CPS data. 

Unlike the CPS, the ASM contains information on outputs and 

nonlabor inputs. We use information on these inputs and the 

detailed classification of industries by output to evaluate alterna- 

tive explanations for skill upgrading. 

ASM data reveal a trend increase in the share of nonproduc- 

tion labor in total employment consistent with the CPS evidence on 

skill upgrading. This increase accelerated during the 1980s. Be- 

tween 1979 and 1989 the employment of production workers in 

U. S. manufacturing dropped by 15 percent from 14.5 to 12.3 

million, while nonproduction employment rose 3 percent from 6.5 

to 6.7 million. Given the rise in the relative wages of nonproduction 

workers that occurred over this period, these dramatic shifts in 

utilization suggest shifts in labor demand within manufacturing 

away from production and toward nonproduction labor. Perhaps 

the most plausible explanations for such shifts are increased 

international competition and production-labor-saving technologi- 

cal change, both of which could be expected to decrease the 

(domestic) demand for production labor. Other possible explana- 

tions are the defense buildup and the severe recession of the early 

1980s. 

To preview our results, we find that less than one-third of the 

shift of employment from production to nonproduction workers 

can be accounted for by "between-industry" shifts, i.e., a realloca- 

tion of production away from those manufacturing industries with 

high shares of production workers in their workforce to those with 

low shares. We are able to attribute many of these between- 

industry shifts to increased defense procurements and some to 

increased trade during the 1980s. Most of the shift to nonproduc- 

tion employment occurred within (as opposed to between) four- 

digit manufacturing industries. These within-industry shifts are 

largely unrelated to imports or to defense procurements. Within 

our accounting framework we attribute the residual to production- 

labor-saving technological change. We find skill upgrading to be 

positively correlated with investment in computers and to R&D 
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expenditures. These results are consistent with Bureau of Labor 

Statistics (BLS) case studies, which report that new technologies 

have generally displaced production workers. We infer a predomi- 

nant role for production-labor-saving technological change in 

explaining the shift of demand toward skilled labor in the 1980s. 

The remainder of the paper is organized as follows. Section I 

documents trends in the composition of manufacturing employ- 

ment and discusses possible explanations. Section II presents 

variance decompositions that gauge the potential importance of 

trade and defense in explaining these trends. In Section III we 

present evidence from industry regressions on the effect of various 

technological factors on the demand for nonproduction workers. 

Section IV reviews other evidence consistent with the emphasis we 

have put on technological change. Section V concludes the paper. 

I. TRENDS WITHIN MANUFACTURING 

A. The Move Toward Nonproduction Labor 

Much of the work in this paper is based on data drawn from 

the ASM, which is a survey of manufacturing establishments 

sampled from those responding to the comprehensive Census of 

Manufactures (COM). The ASM collects data on total employment, 

total payroll, production worker employment, production worker 

hours, the value of shipments, and expenditures on new capital 

investment, energy, and materials. The information is reported for 

four-digit SIC industries. Data from the ASM were combined with 

price deflators to construct measures of the capital stock.1 

The ASM classifies employment in two broad occupational 

categories: production and nonproduction workers. Production 

workers are "workers (up through the working foreman level) 

engaged in fabricating, processing, assembling, inspecting and 

other manufacturing." Nonproduction workers are "personnel, 

including those engaged in supervision (above the working fore- 

man level), installation and servicing of own product, sales, deliv- 

ery, professional, technological, administrative, etc." [U. S. Bureau 

of the Census 1986, p. D-16]. These categories apply only to 

operating plants. Roughly 7 percent of manufacturing employment 

1. The original version of these data, covering the 1958-1976 time period, was 
developed as a joint project by the University of Pennsylvania, the Bureau of the 
Census, and SRI, Inc. These data were then updated and classified consistently by 
Wayne B. Gray at the NBER. Gray [1989, 1992] includes a detailed description of 
the data. 
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FIGURE I 

Nonproduction Workers' Share in Total Employment 

is in nonoperating plants (central offices and other auxiliary 

establishments) in which all employment is considered as 

nonproduction.2 

Figure I plots nonproduction employment as a fraction of total 

employment in manufacturing. The top line represents the fraction 

of all nonproduction employment in employment, while the bottom 

line represents the fraction of nonproduction employment in 

operating establishments. This graph has three striking features. 

First, the fraction of employment that is nonproduction is counter- 

cyclical, since production employment is more cyclically sensitive 

than nonproduction employment. Second, abstracting from cycles, 

the fraction of nonproduction employment shows a clear upward 

2. In recent years there has been an increase in the use of temporary employees 
provided by temporary service firms. Such workers are not included as part of the 
employment totals in the ASM. Thus, the apparent decrease in the employment of 
production workers in manufacturing might, to some extent, reflect the replace- 
ment of regular employees with temporary employees from temporary service firms 
[Uchitelle 1993]. A simple calculation based on information from the National 
Association of Temporary Services (NATS) reveals that increased use of temporary 
workers in manufacturing probably accounts for less than 5.2 percent of the 
increase in the share of nonproduction workers in total employment during the 
1979-1987 period. Between 1979 and 1987 employment in the temporary help 
industry (SIC 7363) grew from 436.4 to 948.4 thousand [Steinberg 1993]. Data from 
NATS show that, as of 1992, roughly 22 percent of all temporary service workers 
were employed as production workers in manufacturing. These numbers imply that 
temporary workers as a share of production worker employment rose from about 
0.66 percent in 1979 to 1.77 percent in 1987-a rise that was too small to account 
for more than a trivial fraction of the observed shift away from production labor. 
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trend. This trend occurs for both operating and auxiliary establish- 

ments. Third, the trend accelerates in the 1980s. Between business 

cycle peaks years 1959 and 1973, the ratio of nonproduction 

workers in operating establishments to total employment rose 

from 0.227 to 0.234 (0.05 percentage points per year); between 

1973 and 1979 the ratio rose to 0.248 (0.23 percentage points per 

year); and from 1979 to 1989 it rose to 0.286 (0.38 percentage 

points per year).3 

The increased fraction of nonproduction labor in employment 

will likely underrepresent the shift in demand toward skilled labor 

that occurred during the 1980s for two reasons. First, the increase 

in the relative wages of nonproduction workers that occurred 

during the 1980s would induce substitution away from nonproduc- 

tion labor. Second, to the extent that skill upgrading occurs among 

either production or nonproduction workers, the increase in the 

nonproduction fraction will underestimate this shift toward more 

skilled labor. An alternative measure of the changes in the demand 

for skilled labor is the change in nonproduction labor's share in the 

wage bill. As long as the elasticity of substitution between produc- 

tion and nonproduction labor is above one, changes in the nonpro- 

duction share in the wage bill provide a better measure of the 

demand shift toward nonproduction labor during the 1980s, 

understating by less than changes in the employment share. Figure 

II replicates Figure I, using the fraction of the wage bill going to 

nonproduction labor rather than the fraction of employment. It 

shows the same pattern as that of Figure I which is a trend increase 

in the nonproduction share of wage bill with a sharp acceleration in 

the 1980s. 

B. The Move Toward Nonproduction Labor as Skill Upgrading 

Both conceptually and empirically, the production/nonproduc- 

tion worker distinction closely mirrors the distinction between 

blue- and white-collar occupations. Table I compares CPS and ASM 

data for the years 1973, 1979, and 1987. Comparing the fraction 

nonproduction in the first line with the fraction white-collar in the 

second, we see that the two categories rise together from 1973 until 

1987, with the discrepancy never more than two percentage points. 

The blue-collar/white-collar classification, in turn, closely reflects 

3. Nonproduction employment in nonoperating establishments increased by 
0.09, 0.20, and 0.04 percentage points per year, respectively. The move toward 
nonproduction labor slowed in the 1980s in nonoperating establishments, in 
contrast to the acceleration in operating establishments. 
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FIGURE II 

Nonproduction Workers' Share in the Wage Bill 

an educational classification of high school/college. Our tabula- 

tions based on CPS data show that, as of 1987 in manufacturing, 

only 17 percent of blue-collar workers had more than a high-school 

education, as opposed to 35 percent of clerical workers, 70 percent 

of sales workers, and 78 percent of managers and professionals. 

The remaining lines of Table I show that occupational upgrad- 

ing also occurred within both white- and blue-collar occupations. 

(Census classifications [U. S. Bureau of the Census 1989a] are used 

to construct consistent occupational groupings.) Between 1973 and 

1987 the fraction of white-collar workers in clerical jobs dropped by 

18 percent, while the fraction in managerial or professional jobs 

rose by 11 percent. Similarly, the fraction of blue-collar workers 

working as operatives dropped by over 5 percent, while the fraction 

working in the more skilled crafts jobs rose by over 20 percent. 

In order to establish how much of skill upgrading is repre- 

sented by the shift from blue- to white-collar occupations, we 

constructed skill indexes based on the occupational distribution of 

the workforce within manufacturing. To calculate these indexes, 

we regressed the log of hourly earnings on occupational category 

(as in Table I) indicators. Regressions were run separately for 

1973, 1979, and 1987, and coefficients were then averaged. These 

regression coefficients were then applied to the 1973-1979 and 

1979-1987 changes in the share of workers in each occupational 

group. The results are reported in the first two columns of Table II. 
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TABLE I 

OCCUPATIONAL DISTRIBUTIONS WITHIN MANUFACTURING BY YEAR 

1973 1979 1987 

Total nonproduction 28.3% 30.9% 35.4% 

Percent in central offices 17.3% 19.7% 18.4% 

White-collar 28.6% 31.9% 37.2% 

Manager 27.0 27.0 29.4 

Professional 18.8 19.9 21.5 

Technician 8.7 9.0 9.0 

Sales worker 7.3 7.5 8.8 

Clerical worker 38.1 36.6 31.4 

Subtotal 100.0 100.0 100.0 

Blue-collar 71.4% 68.1% 62.8% 

Craft 24.4 25.7 30.3 

Operative 62.3 61.6 57.6 

Laborer 9.8 9.5 9.0 

Service worker 3.0 2.8 2.6 

Agricultural labor 0.5 0.5 0.6 

Subtotal 100.0 100.0 100.0 

Source. Annual Survey of Manufacturing and CPS, May 1973, Outgoing Rotations, 1979 and 1987. 

Fifty-three percent of the occupational upgrading that occurred 

between 1973 and 1987 is accounted for by shifts from blue- to 

white-collar occupations. The same calculation using single years 

of education rather than occupation groups as predictors yields a 

figure of 27 percent. We conclude that a large part, though not all, 

TABLE II 

SKILL UPGRADING WITHIN MANUFACTURING 

Occupation Education 

1973-1979 1973-1987 1973-1979 1973-1987 

Total 2.50 6.33 4.34 9.31 

White-collar 1.57 4.58 4.27 9.34 

Blue-collar 0.77 2.19 2.83 5.58 

Within 1.03 2.97 3.30 6.81 

% Between 59% 53% 24% 27% 

Source. CPS, May 1973, Outgoing Rotations, 1979 and 1987. 

Note. Numbers represent 100 times the increase in predicted log hourly earnings with coefficients 

generated by a regression of log earnings on occupational category indicators (as in Table I) for columns 1 and 2 

and single years of education for columns 3 and 4. Regressions are run separately in 1973, 1979, and 1987, and 

coefficients are averaged across years. 
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of the skill upgrading that occurred in manufacturing during the 

1980s can be accounted for by the shift to white-collar or nonpro- 

duction labor. This wage metric also shows more skill upgrading 

among white-collar than among blue-collar workers. By examining 

the increase in the nonproduction proportion of the wage bill 

rather than its proportion of employment, we may capture part of 

the skill upgrading within the nonproduction category as well. 

C. Possible Explanations for the Move Away from 

Production Labor 

What can explain the shift away from production labor in the 

1980s? Given the increased relative costs of skilled labor during the 

1980s, substitution effects should have worked in the opposite 

direction. Figure III compares employment trends with trends in 

output, capital, and materials. The graph shows that capital, 

materials, and output grew at roughly similar rates; while employ- 

ment, especially of production workers, grew much more slowly. 

Since, as Figure III shows, aggregate capital intensity as measured 

by the capital/output ratio did not rise appreciably during this 

period, it seems unlikely that capital skill complementarity 

[Griliches 1969, 1970] can explain the observed shifts in labor 

demand. On the other hand, the figure does show that inputs 

(primarily labor) grew less rapidly than output, suggesting labor- 

saving technological change. 

Other technology indicators are also consistent with an accel- 

erating pace of technological change during the 1980s. BLS data 

CD 1.0 Output 

L 0 8 apvi tl 

42- 0.6 Materials 
Co0 
O fl 

C 0.4- 
o E Nonproduction Workers 

( 0.2 Production Workers 
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C3 0 
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FIGURE III 

Output and Inputs in Manufacturing 
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TABLE III 

POSSIBLE CONTRIBUTORS TO THE INCREASED RELATIVE DEMAND FOR SKILLED LABOR 

1959 1973 1979 1987 

R & D expenditures as a fraction of manufacturing 

shipments 

Total 2.6 2.4 2.2 3.9 

Privately funded 1.6 0.9 0.7 1.3 

Government funded 1.1 1.5 1.5 2.6 

Share of high tech capital in total manufacturing 

capital stock 

Total 1.0 1.4 3.3 6.9 

Computing eq. 0.3 0.2 0.5 2.3 

Communications eq. 0.2 0.3 0.6 2.2 

Scientific eq. 0.5 0.6 1.3 1.2 

Photocopy eq. 0.0 0.3 1.0 1.2 

Imports and exports as a fraction of manufacturing 

shipments 

Exports 4.5 8.4 10.6 10.7 

Imports 4.2 8.2 12.3 17.3 

Department of Defense purchases as a fraction of 

manufacturing shipments 

Purchases 5.9 2.1 2.0 4.2 

Source. Rows 1-3, National Science Foundation [1991] and ASM; Rows 4-8, unpublished tabulations, 

Bureau of Economic Analysis; Rows 9-11 National Income and Products Accounts and ASM. 

reveal that multifactor productivity [Gullickson and Harper 1987] 

in manufacturing rose by 1.6 percent per year between 1979 and 

1988, 40 percent faster than in the previous twenty years. Table III 

shows that R&D expenditures rose, as did expenditures on "high 

tech" capital such as computers and communication equipment.4 A 

1988 Census Bureau survey shows a large fraction of manufactur- 

ing establishments using a variety of innovative computer-aided 

technologies. BLS industry case studies suggest that these new 

technologies have often involved the loss of semiskilled jobs [Mark 

1987]. 

However, there were also other forces at work during the 

1980s that could also have worked to shift the composition of the 

demand for labor within manufacturing. Table III shows the 

dramatic opening of the American economy over the last twenty 

years. The United States has typically imported goods that are 

4. For a description of how these data were constructed, see Gorman et al. 
[ 1985] and Musgrave [ 1986]. 
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intensive in less-skilled (production) labor (e.g., apparel) and 

exported goods that are intensive in skilled (nonproduction) labor 

(e.g., aircraft), so an increase in trade will tend to decrease the 

demand for production labor and increase the demand for nonpro- 

duction labor. Moreover, U. S. companies are carrying out an 

increasing amount of production abroad. Even within specific 

industries this "foreign outsourcing" is likely to have disproportion- 

ate effects on less skilled labor for two reasons. First, production 

but not development can be moved abroad. Second, we might 

expect the more production-labor-intensive operations to be moved 

abroad in order to take advantage of low foreign wages for less 

skilled workers. 

Defense Department procurements also rose dramatically 

during the 1980s, from 2.0 percent of total shipments in manufac- 

turing in 1979 to 4.2 percent in 1987 (Table III). Defense-related 

industries tend to employ a disproportionate share of nonproduc- 

tion workers, particularly with the emphasis put on high tech 

weapons during the 1980s. Thus, increases in procurements may 

have shifted manufacturing employment from production to non- 

production workers. 

Aggregate time series data will not allow us to evaluate the 

various possible explanations for the increased share of nonproduc- 

tion employment in manufacturing. In what follows, we exploit 

disaggregated data at the four-digit industry level in two ways. In 

the following section we decompose shifts in the nonproduction 

share of employment and the wage bill into within- and between- 

industry shifts in order to examine the importance of demand shift 

explanations. Then, in Section III we examine the causes of 

changes in the nonproduction shares within four-digit industries 

by applying regression analysis to cross-sectional variation in the 

growth of these shares. 

II. INDUSTRY-SECTOR DECOMPOSITION 

A. Within /Between Decompositions 

Among the explanations offered for the shift in employment 

toward nonproduction workers, the increase in international trade 

and the military buildup would work primarily by shifting the 

derived demand for labor between industries from those intensive 

in production workers to those intensive in nonproduction work- 
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ers. On the other hand, biased technological change would shift the 

skill composition of labor demand within industries. For this 

reason, a decomposition of the increase in the nonproduction 

fraction of total employment (or the wage bill) into shifts that occur 

within and between industries is a useful indicator of the source of 

changes in labor demand. 

A standard way of decomposing a change in an aggregate 

proportion into a term reflecting reallocation of employment 

between industries and another reflecting changes of proportions 

within industries is as follows: 

(1) AP~=Pn = SiPn . + APn Si, 

for i = 1,... ,N industries. Pn, = Enl/Ei, is the proportion of 

nonproduction labor in industry i, Si = Ei/E, is the share of 

employment in industry i. The first term on the right reports the 

change in the aggregate proportion of nonproduction workers 

attributable to shifts in employment shares between industries 

with different proportions of nonproduction workers. The second 

term reports the change in the aggregate proportion attributable to 

changes in the proportion of nonproduction workers within each 

industry. A bar over a term denotes a mean over time. 

Table IV reports between and within decompositions of both 

the proportion of nonproduction employment and of their share in 

the wage bill. Here and for the remainder of the paper we restrict 

our attention to labor employed in operating establishments.5 We 

focus on changes between business cycle peak years, 1959-1973, 

1973-1979, and 1979-1987. The line labeled total in each block 

contains the annual rate of increase in the share of nonproduction 

workers in both employment and in the wage bill for each period. A 

comparison of the rates in different periods shows that both in 

employment and in the wage bill, the move toward nonproduction 

labor accelerated over time, as we saw in Figures I and II. The shift 

toward nonproduction employment occurred at a rate of 0.069 

percentage points per year in 1959-1973 and increased to 0.299 

points per year in 1973-1979 and then to 0.552 points per year in 

1979-1987. The line above the total change in share reports the 

between and within components. Note that the within-industry 

component dominates the between in each period. The within 

5. The ASM does not classify the 7 percent of workers in nonoperating 
establishments into four-digit industries. 



378 QUARTERLY JOURNAL OF ECONOMICS 

TABLE IV 

INDUSTRY/SECTOR DECOMPOSITIONS OF THE RISE IN THE SHARE OF 

NONPRODUCTION WORKERS 

Employment Wage bill 

Between Within Between Within 

1959-1973 

Imports 0.007 -0.001 0.005 -0.001 

Exports 0.010 0.002 0.012 0.003 

Domestic consumption -0.026 0.076 -0.035 0.067 

-0.009 0.078 -0.018 0.069 

Total 0.069 0.051 

1973-1979 

Imports 0.001 -0.006 -0.007 -0.002 

Exports 0.021 0.007 0.028 0.004 

Domestic consumption 0.089 0.186 0.064 0.206 

0.112 0.187 0.085 0.208 

Total 0.299 0.293 

1979-1987 

Defense 0.072 0.014 0.101 0.004 

Imports 0.029 -0.002 -0.024 -0.006 

Exports 0.019 0.014 0.035 0.014 

Domestic comsumption 0.044 0.361 0.193 0.456 

0.165 0.387 0.306 0.468 

Total 0.552 0.774 

Note. A calculation for the defense sector is possible only for the 1979-1987 period. Its contribution in 

earlier periods is included in domestic consumption. All calculations have been annualized. 

component accounts for 0.387 of the 0.552 percentage point per 

annum increase in the nonproduction share of employment in the 

1979-1987 period and for almost all of the acceleration between 

the 1970s and the 1980s. This finding is consistent with biased 

technological change playing a dominant role in explaining the 

increased share of nonproduction employment. It is not consistent 

with a dominant role for factors that shift product demand such as 

trade or the defense buildup. 

The same patterns emerge for wage bill shares. Most of the 

increase in nonproduction labor's share occurs within rather than 

between four-digit industries, and this trend accelerates in the final 

period. One difference worth noting is that during the 1979-1987 

period, between-industry shifts play a relatively larger role in the 

wage bill decomposition. This indicates that the between-industry 

reallocation that did occur was to nonproduction-intensive indus- 
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tries that use relatively highly paid and presumably highly skilled 

labor.6 

In order to investigate the effect of trade and the defense 

buildup on the shift in demand for skills, we further decompose 

within- and between-industry terms into "sectors," where the 

sectors of interest are imports, exports, and defense procurements. 

Conceptually, employment in each industry i can be allocated 

into four sectors: domestic consumption (C), exports (X), imports 

(M), and defense (D). As in the national accounts, imports replace 

employment in other sectors so 

(2) Ei = Ex- EM + ED + Eci 

In the calculation below, this allocation is performed by assuming 

that employment in each industry sector is proportional to its 

output, for which we have data. The standard within-between 

industry decomposition of equation (1) can now be developed into a 

sectoral within-between decomposition. (A detailed derivation is 

presented in the Appendix.) The between term can be decomposed 

to reflect the effect on the aggregate proportion of reallocation 

between industry sectors as follows: 

(3) z ASiln = z ASx (5n Pn- ) + ASm (Pn, 5n) 

+ A /SD,(Pn. -5nC) + Si(n-n i I n, 
- 

j~~nC) 

sJ are the shares of industry sector i-J in aggregate employment. 

In this accounting exercise the working assumption is that realloca- 

tions of employment are made to and from a residual pool of labor 

in the domestic consumption sector C with proportion of nonproduc- 

tion workers pG (pC = Ei SPn. /li Sc). For example, an increase in 

the employment share of the defense aerospace industry will 

increase the aggregate proportion of nonproduction workers by the 

product of the change in the employment share ASD and the degree 

6. A decomposition based on a more aggregated three-digit classification yields 
similar results. Aggregating industries increases the relative importance of the 
within component of the decomposition, especially if there are large differences in 
labor utilization within three-digit industries. At the four-digit level the between 
component explains 39 percent (30 percent) of the shift in the wage bill (employ- 
ment) share, while at the three-digit level of aggregation this drops only slightly to 
37 percent (27 percent for employment). At the two-digit level there is a bigger shift 
to 15 percent (13 percent for employment). Thus, distinctions between three-digit 
industries within two-digit industries appear to be more important than those 
between four-digit industries within three-digit industries. Detailed results are 
available from the authors. 
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to which aerospace is more nonproduction-intensive than the 

general consumption sector (Pa. - Ps). Summing over all indus- 

tries gives the contribution of defense-related reallocations to skill 

upgrading. 

The within-industry change term in (1) can also be decom- 

posed into sectors: 

(4) PnSi = E (Pn - APn )Sgf + APn - APA)Sg 

+ ( (pn 
- LAPn)Sf + E n - APC)S9 + L\PnC. 

Each industry-sector term (APn. - Apnc)RJ in this decomposition 

expresses the contribution of APn in sector J of industry i to the 

general increase in the aggregate Pn. Industry sectors with skill 

upgrading faster than that of the C sector have positive contribu- 

tions; the others have negative contributions. The assumption 

inherent in this form is that if SJ' had been different, employment 

would have been allocated to (or from) a use with APpC x 

[A/Pc = (pi SjcAPn./i) SC], the average for the domestic consump- 

tion sector. We sum these terms over all industries for each sector 

to measure the contribution of a sector to the within-indus- 

try variation. The fourth summation in equation (4), 

1i (APn. - APnC)Si, is equal to zero. 

We decompose changes in nonproduction workers' share in the 

total wage bill analogously. We sum 450 industries in each of the 

four sectors to obtain the four between terms of equation (3) and 

the four (nonzero) within terms of equation (4). They are reported 

in Table IV. 

The source of import and export data is the NBER Trade- 

Immigration-Labor Market data set [Abowd 1991].7 Shipments to 

the Department of Defense are from the Survey of Manufacturers' 

7. It extends the Bureau of Labor Statistics Trade Monitoring System data set 
for 1972-1981, based on official trade statistics export and import data are available 
for 432 of 450 industries representing 98 percent of output. We imputed O's for the 
other 18. The last year for which the NBER trade data exist is 1984. Changes in the 
classification of imports after this date have made it hard to update these data any 
further. In our tabulations we extrapolated the data linearly through 1987, 
estimating 1987 imports as a fraction of shipments in an industry as 8/5 x 

(i/y1984 - i/y1979) + i/y1979. A similar extrapolation was done for exports. To check 
that our results for the decompositions were not unduly influenced by these 
imputations, we redid the calculations for the 1979-1984 period and obtained 
results very similar to those reported in Table IV. 
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Shipments to the Federal Government, a sample of manufacturing 

plants conducted occasionally in the ASM framework.8 

Breaking the between-industry component down by sectors in 

the 1979-1987 period, we see that for employment (column 1) the 

largest sectoral increase is in defense, which accounts for 0.072 

percentage points. Imports and exports together account for 0.048 

points, and the domestic consumption sector (the residual) ac- 

counts for 0.044 points. Surprisingly, the role of trade in shifting 

employment away from production-labor-intensive industries is 

quite small. The wage bill decompositions show similar patterns, 

though here the tabulations show imports actually lowering the 

nonproduction workers' share during the 1979-1987 period.9 

Turning to the within-industry component of AP, in the 

1979-1987 period, the second column reports the contributions of 

each sector to within-industry skill upgrading. The domestic 

consumption term accounts for 93 percent (0.361 of the 0.387 

points) of skill upgrading, reflecting its weight in aggregate de- 

mand for manufactures. The small positive term for defense 

indicates that skill upgrading occurred slightly faster in industries 

with large defense sectors than in the domestic consumption 

sector. But this upgrading matters little for the aggregate since the 

defense sector itself is small. The same is true for export and 

import sectors. The main conclusion from this sectoral analysis is 

that the domestic consumption sector accounts for almost all of 

within-industry skill upgrading and indeed for most of the skill 

upgrading overall. This conclusion holds for the earlier periods as 

well. Most of the change and most of the acceleration in both Pn and 

Sn is due to within-industry skill upgrading unrelated to either 

trade or defense sectors. 

Since the move away from production workers occurred no 

8. Sampling is conducted in approximately 70 four-digit industries engaged 
heavily in contracting for the Federal Government [U. S. Bureau of the Census 
1981, 1991]. They account for the vast bulk of procurement. One problem with 
these data is that subcontracts to the Department of Defense, representing roughly 
one-third of all procurements, are not separately identified. Such subcontracts are 
double counted, resulting in an overestimate of total defense procurements of about 
30 percent. 

9. The switch in signs on the import term may seem odd. During the 1980s 
imports were displacing workers in both production-worker-intensive industries 
(e.g., apparel) and nonproduction-worker-intensive industries (e.g., electronics). 
The displacement of workers in the production-worker-intensive industries serves 
to raise the nonproduction worker share in total employment, while the displace- 
ment of workers in the nonproduction-worker-intensive industries works in the 
opposite direction. The wage bill decompositions put relatively more weight on the 
more highly paid, nonproduction-worker-intensive industries. 
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more rapidly in defense or trade sectors than in the rest of 

manufacturing, it is hard to believe that either the defense buildup 

or the increase in imports that occurred during the 1980s can 

explain the dramatic shift away from production workers. We are 

not arguing that the defense buildup and the increase in imports 

played no role in explaining observed shifts in labor utilization in 

manufacturing. For example, there is evidence that the overseas 

production of electronic components decreased domestic demand 

for production workers in some sectors of the electronic industry 

[Alic and Harris 1986; U. S. International Trade Commission 

1982, 1988]. However, the decompositions imply that the bulk of 

the skill upgrading that occurred within manufacturing industries 

during the 1980s cannot be accounted for by overseas production of 

labor-intensive goods. Detailed calculations using information on 

the use of intermediate goods produced overseas support this view 

[Berman, Bound, and Griliches 1993]. 

III. CROSS-SECTIONAL COMPARISONS 

A. Estimates of the Nonproduction Share Equation 

We found in the previous section that skill upgrading within 

industries accounted for most of the increase in the share of 

nonproduction labor in employment and wages. To further explore 

factors that might explain these within-industry changes in the 

nonproduction labor's share in the wage bill, it is natural to turn to 

a regression format. It is possible to put much of what we do into a 

cost function framework. This is a natural approach as it puts the 

within-industry variation in shares on the left-hand side of a 

regression which estimates the parameters of a cost function. 

We follow Brown and Christensen [1981] in deriving the share 

equation of a quasi-fixed cost function. Assume that the cost 

function has a translog form, firms minimize costs in choosing 

inputs, and returns to scale are constant. We choose to estimate the 

share equation in the quasi-fixed form, as it allows capital to be 

treated as a fixed factor and because we have no reliable price 

deflator for the capital stock. The additional assumption necessary 

is that the variation in the quantities of the variable labor inputs 

comes from firms constrained in the short term in their choice of 

capital levels. We can then derive the following "share" equation 

[Berman, Bound, and Griliches 1993] in first differences for the 

change in the share of nonproduction wages in total wages 
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(variable costs): 

(5) dSnj = Po+ 11d in (WnJ/Wp,) + 32d In (Kj/Yj) +Ej, 

where n and p indicate nonproduction and production labor, 

respectively;j indexes industry; Wn and Wp represent the wages of 

nonproduction and production workers, respectively; K represents 

capital; and Yrepresents value added. 1 will be positive or negative 

according to whether the elasticity of substitution between produc- 

tion and nonproduction labor is below or above one. Capital-skill 

complimentarily implies that 2 > 0. Po is a measure of the 

cross-industry average bias in technological change while Po + Ej 

represents the industry-specific bias. The equation for dSp. is 

redundant. 

Three remarks are worth making about the specification 

before turning to the results. First, while Y represents value added, 

in the empirical work we use shipments instead. Our reason for 

doing so is entirely pragmatic. Good price deflators for materials do 

not exist at the four-digit level. This makes it impossible to 

construct reliable real value added measures.10 

Second, it is not plausible to treat relative wages as exogenous. 

In fact, there may be no useful exogenous cross-sectional variation 

in changes over time in relative wages. While some of the variation 

may be due to different skill mixes of labor in different industries, 

some of it probably involves within-industry skill upgrading. In 

other words, price changes are confounded with quality changes. 

Furthermore, given the definitional relationship between our 

dependent variable (changes in the nonproduction workers' share 

in the wage bill) and the wage measures, estimates will suffer from 

a version of division bias. However, on the assumption that the 

price of quality-adjusted production and nonproduction labor does 

not vary across industries d In (Wn./Wp.) will be a constant. Thus, 

ignoring relative wages, as we do, will affect the constant term in 

our equations but nothing else. 

Third, there is a possible endogeneity bias in the estimation of 

(5) due to correlation between factors that affect both investment 

in plant or equipment and unexplained changes in the nonproduc- 

10. As an alternative, we tried explicitly including materials as a third-variable 
factor. The estimate of the elasticity of substitution between materials and 
nonproduction labor was almost exactly the same as that of the elasticity between 
materials and production labor. The implication of these estimates is that while 
changes in the price of materials might cause substitution toward or away from 
labor, such changes will not affect the relative utilization of production and 
nonproduction labor. 
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tion share Ey. Since planning horizons for new investments are 

presumably a couple of years in length, this endogeneity bias would 

not be too severe if we were using annual data. While we focus on 

changes that occur over six to fourteen years, results based on 

annual data are not qualitatively different from the ones we report. 

We weight these regressions by the industry's average share in 

the total manufacturing payroll over each period.1 Doing so 

implies that our dependent variable aggregates to the within- 

industry changes in the decompositions reported in Table IV. 

Weighting also serves to reduce noise in the data due to the periodic 

redrawing of the sample and the migration of firms between 

industries (see Siegel and Griliches [1992]). This noise is particu- 

larly evident in small industries.12 

Table V reports summary statistics for (logarithmic) rates of 

change in the three subperiods. The means reproduce what we 

have seen already: annual growth in the share of wages paid to 

nonproduction labor accelerated over time, rising from 0.07 percent- 

age points per year during the 1960s to 0.21 points per year during 
the 1970s and to 0.47 points per year during the 1980s. The growth 

rate of output dropped over time, from 3.9 percent per year during 

the 1960s to 1.7 percent per year in the 1980s, while capital 

accumulation dropped from 4.2 percent per year in the 1960s to 2.8 

percent per year in the 1980s. Capital intensity increased at about 

the same rate in the 1980s as it did in the 1970s, an increase due to 

the high growth rate of equipment. 

In Table VI we combine the three periods, including dummy 

variables for the second and third time period. Thus, we estimate 

coefficients using the cross-sectional variation (of growth rates) in 

the data. The first of the five specifications includes only the two 

time period dummies; the second includes d In (K/Y) as well; the 

third separates d In (PlY) and d In (ElY) entered separately; while 

11. Averaged over 1959 and 1973 for the 1959-1973 change, 1973 and 1979 for 
the 1973-1979 change, and over 1979 and 1987 for the 1979-1987 change. 

12. We have experimented with alternative dependent variables-the change 
in nonproduction workers' share in total employment and the change in the log of 
the ratio of nonproduction to production worker employment. Results using these 
alternative dependent variables are very similar to those reported here. We also 
experimented with two alternative samples. We tried eliminating the 57 "nec" 
industries whose fourth digit was a nine. These industries are the ones most likely 
to have firms migrate into and out of them. Also, to the extent that we match data 
from other sources with this ASM data set, these matches are often not possible for 
four-digit nec industries. We also tried eliminating the four-digit computer industry 
(SIC 3573). The computer industry shows growth in output unmatched by any 
growth in inputs. One plausible explanation for this phenomenon is that input and 
output deflators have not been correctly matched. In both cases, results for the 
smaller samples were very similar to the results we report. 
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TABLE V 

MEAN RATES OF CHANGE OF INPUTS 

1959-1973 1973-1979 1979-1987 

d SN 0.069 0.208 0.468 

d In (K) 4.201 3.127 2.807 

d ln(P) 3.662 1.916 1.361 

d In (E) 4.670 3.868 3.493 

d ln(Y) 3.892 2.115 1.694 

d In (K/Y) 0.309 1.012 1.113 

d in (PlY) -0.230 -0.200 -0.333 

d In (E/Y) 0.778 1.753 1.800 

Source. Authors' tabulations based on the Annual Survey of Manufacturing. 

Sample. 450 four-digit manufacturing industries. 

Notes. Data weighted by average share of industry wage bill in manufacturing. 

Variable Description 

d SN = 100 x annual change in nonproduction workers' share of wage bill. 

d In (K) = 100 x the annual change in the log of the capital stock. 

d In (P) = 100 x annual change in the log of plant. 

d In (E) = 100 x annual change in the log of equipment. 

d In (Y) = 100 x annual change in the log of real output. 

d In (K/Y) =d In (K) - d In (Y). 

d In (PlY) =d In (P) - d In (Y). 

d In (E/Y) =d In (E) - d In (Y). 

the fourth and fifth repeat the third and fourth but include output 

separately. The first column reproduces the familiar result that the 

change in wage bill share of nonproduction labor is higher in the 

second than in the first period, and even higher in the third (the 

acceleration). When the plant and equipment intensity variables 

are included, they explain about 10 percent of the accelerated move 

away from nonproduction labor, but when d In (Y) is added, the 

capital and output variables together explain none of the accelera- 

tion. The estimated coefficients suggest capital-skill complimentar- 

ity in general and equipment skill complimentarity in particular, 

but capital accumulation is capable of explaining little of observed 

skill upgrading.13 

Within industries, shifts away from production and toward 

nonproduction labor not explained by measured factors can be 

13. For example, using the coefficients from column (3) in Table VI and the 
means from Table V, we calculate that changes in plant and equipment intensity 
account for 15 percent of the shift in the wage bill share that occurred during the 
1979-1987 period. 
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TABLE VI 

CHANGES IN THE NONPRODUCTION WORKERS' SHARE IN THE WAGE BILL, 

1959-1973, 1973-1979, AND 1979-1987, COMBINED 

(DEPENDENT VARIABLE: ANNUAL CHANGE IN NONPRODUCTION WORKERS 

SHARE IN THE TOTAL WAGE BILL) 

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

d In (K/Y) 0.014 0.038 

(0.003) (0.005) 

d In (P/Y) -0.022 0.003 

(0.006) (0.008) 

d In (ElY) 0.035 0.033 

(0.006) (0.006) 

d In (Y) 0.027 0.025 

(0.004) (0.005) 

1973-1979 0.139 0.129 0.105 0.160 0.150 

(0.035) (0.035) (0.035) (0.035) (0.036) 

1979-1986 0.399 0.389 0.361 0.427 0.420 

(0.035) (0.035) (0.036) (0.035) (0.037) 

Constant 0.069 0.065 0.037 -0.047 -0.052 

(0.025) (0.025) (0.025) (0.030) (0.031) 

R2 0.029 0.099 0.113 0.125 0.129 

(& 0.531 0.528 0.524 0.521 0.520 

Source. Authors' tabulations based on the Annual Survey of Manufacturing. 

Sample. 450 four-digit manufacturing industries. 

Note. Equations weighted by average share of industry wage bill in manufacturing. 

interpreted as representing biased technological change. (While 

this is not the only possible explanation for these results, we have 

seen that the most plausible alternative-foreign outsourcing- 

cannot explain the bulk of the observed change.) In the next section 

we present some direct evidence implicating technological change. 

B. Indicators of Technological Change 

Direct evidence of the impact of technological change on 

demand for skills in manufacturing is available at the industry 

level from two indicators: investment in computers and expendi- 

tures on research and development. The impact of computers on 

the workplace in the 1980s has been dramatic. BLS case studies 

reveal that computerization has played a part in most major 

innovations in the 1980s [Mark 1987]. Census of Manufactures 
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TABLE VII 

THE IMPACT OF R&D INVESTMENTS AND COMPUTERS (DEPENDENT VARIABLE: 

ANNUAL CHANGE IN NONPRODUCTION WORKERS' SHARE IN THE WAGE BILL: 

1979-1987) 

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

Computer/total investments 

1987 7.36% 0.028 0.032 0.025 

(0.006) (0.007) (0.006) 

1977 2.69% -0.013 

(0.011) 

R&D/sales 

1974 1.82% 0.097 0.087 

(0.021) (0.019) 

R2 0.420 0.425 0.420 0.496 

&r 0.496 0.496 0.496 0.496 

Source. Authors' tabulations based on the Annual Survey of Manufacturing supplemented with informa- 

tion on computer investments drawn from the Census of Manufacturing and data on R&D expenditures kindly 

provided by Frederic Scherer. 

Sample. 143 three-digit manufacturing industries. 

Notes. Regressions weighted by average share of industry wage bill in manufacturing. All regressions 

include d ln (PIY), d ln (ElY) and d ln (Y). Mean of dependent variable is 0.00423. 

figures reveal that the fraction of investment devoted to computers 

tripled between 1977 and 1987, from 2.8 percent to 7.5 percent. 

Berndt and Griliches [1993] find that the real price of microcomput- 

ers dropped by 28 percent annually between 1982 and 1988. The 

impact of computerization on the demand for skills depends on 

whether this form of capital complements or substitutes for skills. 

It is easy to think of examples either way: computerized sorting and 

handling replaces low skilled production workers in the newspaper 

industry, while computerized design replaces drafting personnel in 

the automobile industry. 

In Table VII we report the result of adding computers as a 

share of total investments in 1987 to the share equation estimates 

of Table VI.14 Since the data on R&D are available only at the 

three-digit SIC level, we have aggregated the wage bill share, 

capital stock, and computer investment numbers up to the three- 

14. The data on investment in computers come from the Census of Manufac- 
tures, which asked questions about such investments in 1977, 1982, and 1987. Not 
all industries reported computer investments. Of our 450 industries, 169 failed to 
report any computer investments in 1977, as did 45 in 1982 and 35 in 1987. In the 
results reported we have treated these missing values as O's. Correlations based on 
pairwise complete observations are very similar. 
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digit level.15 While, ideally, we would like to have a measure of the 

change in the total stock of computer capital, such a measure 

cannot readily be derived from the available data. However, under 

the assumption that what varies across industries is the adaptabil- 

ity of different technologies to computerization, the cross-sectional 

variation in computers as a share of total investments should proxy 

for the variation in computers as a share of the total capital stock.16 

The fraction of investment devoted to computers as of 1987 

has a highly statistically significant positive coefficient. The esti- 

mated coefficient of 0.028 is also quantitatively large. In 1987 the 

average share of computers in total investments was 7.36 percent. 

Multiplying 7.36 by 0.028 gives 0.21, or over 40 percent of the shift 

that occurred in the wage bill share over this period. In the second 

column of Table VII, we include computer investments in 1977 as 

an additional variable to control for both initial levels of computer- 

ization and other preexisting differences across industries. Once 

the 1977 variable is included in the equations, the coefficient on the 

1987 variable should be interpreted as the effect of increases in the 

share of computers in total investments over the 1977-1987 

period. We see that the inclusion of the earlier variable has little 

effect on the coefficient on the 1987 variable.17 

Another technological change indicator, R&D expenditures by 

three-digit SIC, is available for 1974. Scherer [1984] used data 

from the Federal Trade Commission's Line of Business Survey to 

calculate R&D expenditures by industry. We included in our 

regressions the estimated R&D expenditures as a fraction of 1974 

shipments in that industry. Results from including the R&D 

measures in the share equations are reported in column (3) of 

Table VII. The variable picks up a both statistically and quantita- 

tively significant effect. The coefficient of 0.097 suggests that a 

one-percentage-point increase in R&D expenditures increases the 

15. Results using the computer investment variable at the four-digit level are 
quite similar to those we report [Berman, Bound, and Griliches 1993]. 

16. Since investment in computers grew rapidly over the 1980s, the share of 
computers in the capital stock in 1987 will also closely approximate the change in 
the share over the 1980s. 

17. Note that computer investments are associated with declines in production 
labor employment, rather than increases in nonproduction employment. Using 
four-digit industries, we regressed the log of production and nonproduction 
employment on the log of capital intensity, the log of output, and the share of 
computers in total investments as of 1987. The coefficient on the computer variable 
was -0.20 (0.18) in the nonproduction worker equation and -0.45 (0.17) in the 
production worker equation. Thus, computers seem to be substitutes (not comple- 
ments) for both production and nonproduction labor, but with the larger effect on 
production labor. 
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annual rate of change in S, by roughly 0.10 percentage points. 

Using the average R&D intensity reported in the first column of 

Table VII, we calculate that R&D expenditures accelerated the 

shift away from production labor by about 0.18 percentage points 

per year, or just less than 40 percent of the total.18 In column (4) we 

report the result of including both the computer and R&D mea- 

sures in the same equation. Both variables pick up significant 

coefficients, and together they account for 70 percent of the move 

away from production labor. 

These results support the notion that biased technological 

change has been an important contributor to within-industry skill 

upgrading. Regardless of the causal interpretation of coefficients in 

Table VII, it is clear that within-industry skill upgrading has 

occurred both in those manufacturing industries that invested 

heavily in computers during the 1980s and in those that are R&D 

intensive. 

IV. OTHER EVIDENCE 

Other researchers have found evidence in favor of complemen- 

tarity between educated or skilled labor and technological change 

[Welch 1970; Bartel and Lichtenberg 1987; Mincer 1989; Lillard 

and Tan 1986; Gill 1990]. However, on the whole, these authors 

have not tried to use cross-sectional relationships to explain the 

growth of skill differentials over the 1980s. Some recent work does 

explicitly examine the extent to which technological change might 

explain increases in the demand for skilled labor. Mincer [1991] 

reports on time series regressions in which he included both supply 

and demand measures. Mincer's estimates imply an important role 

for technology in explaining recent increases in the returns to 

education. At the same time, as Mincer acknowledges, the limited 

information available in time series raises questions about the 

robustness of the inferences drawn. In other work, Berndt, Morri- 

son, and Rosenblum [1992] use the Bureau of Economic Analysis 

18. The variable used is referred to by Scherer [1984] as R&D by industry of 
origin. Since most innovations are product rather than process innovations, 
productivity increases may accrue primarily to the industries in which the product 
is actually used. Scherer used patent data to map the R&D expenditures by industry 
of origin into R&D expenditures by industry of use to capture this effect. This 
industry of use measure did not perform as well. The estimated coefficient was 
smaller (0.021 versus 0.097) and standard error larger (0.044 versus 0.021). While 
the argument above suggests that R&D by industry of use is the appropriate 
variable, given the nature of the way this variable was constructed it may suffer 
from substantial measurement error, which would explain these results. 
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(BEA) data available by two-digit industries to examine the impact 

of investments in high tech capital on the demand for skilled labor. 

They regress the nonproduction share in total employment on a 

capital-intensity measure and a measure of the share of high tech 

capital in total capital. Their estimates imply both capital-skill 

complementarity and complementarity of high tech capital and 

skills. 

More qualitative information supports the notion that produc- 

tion-labor-saving technological change has played an important 

role in explaining the decline in production workers' share in 

wages. Case studies conducted by the Bureau of Labor Statistics 

[Mark 1987; U. S. Department of Labor 1986, 1982a, 1982b; Alic 

and Harris 1986] on industries reporting large within-industry 

skill upgrading, such as aerospace, printing and publishing, elec- 

tronic and micro-electronics almost uniformly implicate innova- 

tions that are production labor saving.19 For example, in printing 

and publishing "electronic composition (is responsible for) shifting 

almost all composition and keyboarding to professional and clerical 

employees, bypassing typesetting employees altogether," and "bun- 

dling and handling machines drastically reduce labor re- 

quirements.... " In aerospace numerically controlled and com- 

puter numerically controlled machines, industrial robots, and 

flexible manufacturing systems are mentioned as "New production 

methods (which) are reducing requirements for a wide range of 

production workers while increasing the demand for highly edu- 

cated and skilled professional and technological workers." 

It is striking how often the BLS case studies written over the 

past decade mention the introduction of technologies that reduce 

unit labor requirements for production jobs. What is also striking is 

that the industries in which BLS finds little evidence of the 

introduction of such technologies (meat packing, tires and inner 

tubes, hosiery and bakery products) are industries that show little 

or no movement away from production workers [U. S. Department 

of Labor 1979, 1982a, 1984, 1986]. In meat packing, for example, 

an industry in which the fraction of the workforce in production 

jobs actually increased over the last three decades, the BLS report 

mentions the "difficulty in developing automated techniques that 

will accommodate the physical differences in carcasses being 

processed." 

A 1988 survey of metals, machinery, electronics, transporta- 

19. A summary of these studies is available from the authors on request. 
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tion, and instruments branches [U. S. Bureau of the Census 

1989b] shows just how widespread is the use of computer-aided 

technologies. In establishments of 500 or more employees, 83 

percent used computer-aided design (CAD) or computer-aided 

engineering (CAE), 70 percent used numerically controlled or 

computer numerically controlled machines, 36 percent used flex- 

ible manufacturing cells or systems, and 43 percent used robots. 

Dunne and Schmitz [1992] found that nonproduction worker's 

share in total employment was 2.5 percentage points higher in 

plants using three or more of these advanced technologies than in 

plants using none.20 

If increases in the (relative) demand for skilled or educated 

labor are linked to technological change, we would expect this to 

occur not just in the United States, but also in other developed 

countries. Work by Machin [forthcoming] using British data finds 

results very similar to those we report. Machin finds that a 

significant shift away from manual toward nonmanual employ- 

ment occurred in Britain during the 1980s. Most of this shift 

represented changes that occurred within (rather than between) 

industries and even within establishments. Machin found within- 

industry and within-establishment changes to be associated with 

various measures of innovative activity. Furthermore, he finds 

that, within nonmanual workers, innovations tend to shift employ- 

ment away from clerical and toward managerial and professional 

workers. Similarly, within manual workers, innovations are associ- 

ated with a move away from the unskilled toward the skilled and 

semiskilled. 

V. DISCUSSION 

We have argued that biased technological change has been the 

major cause of skill upgrading in American manufacturing. While 

both the defense buildup and increased international trade no 

doubt caused some increase in the share of nonproduction employ- 

ment, the magnitudes of these effects are not large enough to 

explain the bulk of observed skill upgrading. That argument 

implicates technological change by default. Furthermore, the 

strong correlations that within-industry upgrading has with both 

20. Applying Dunne and Schmitz's [1992] reported coefficients on the technol- 
ogy variables (column 1, Table 6) to the means they report in Table 3 suggest that 
advanced technologies can explain at least 38 percent of the increase in nonproduc- 
tion workers' share in employment in the 1979-1987 period. 
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R&D investment and the increase in computer investments pro- 

vide direct evidence for the importance of biased technological 

change. 

The results we have reported in this paper are restricted to the 

manufacturing sector. Blue-collar and less educated workers are 

overrepresented in manufacturing-as of 1987, 23 percent of those 

with not more than a high-school education, but only 14 percent of 

those with a college education were employed in manufacturing. 

Thus, the overall decrease in manufacturing's share in total 

employment would have decreased demand for less skilled (less 

educated) labor disproportionately in the economy as a whole even 

if the proportion of production workers in manufacturing had 

remained the same. Trade may have played a greater role in this 

overall decrease in the size of manufacturing than it did in the 

reallocation of employment within manufacturing. 

What our results do imply is that the bulk of skill upgrading 

that occurred within manufacturing cannot be attributed to trade. 

This is striking for two reasons. First, as Murphy and Welch [1993] 

have argued, over 20 percent of the total skill upgrading that 

occurred over the 1980s occurred in manufacturing. Second, 

manufacturing is the branch of the economy for which trade and 

foreign outsourcing are most important. If trade and foreign 

outsourcing explain little of the skill upgrading that we observe 

here, it seems implausible that they can explain much skill 

upgrading in other branches. 

We have not attempted to sort out whether the incentives to 

adopt new technologies changed in the 1980s. Increased foreign 

competition or a change in the regulatory environment may have 

played a role. Nor have we speculated on what effects computeriza- 

tion may have had on the demand for skills in the rest of the 

economy. The extent of computerization has actually been greater 
in services than it has in manufacturing. 

It is interesting to put skill upgrading in the 1980s in a larger 

historical context. The Census of Manufactures shows a dramatic 

shift toward nonproduction employment during the 1950s as well, 
when their share in total employment rose by 10.5 percentage 

points (from 16.6 percent to 27.1 percent between 1947 and 1958). 

In that decade imports represented a small and stable fraction of 

manufacturing shipments, Defense Department procurements as a 

fraction of total shipments actually fell; capital intensity within 

manufacturing remained constant; and skill premiums rose in the 

face of rising supplies of college graduates [Becker 1975; Coleman 
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1993; Goldin and Margo 1992]. These trends support the notion 

that, historically, biased technological change has been an impor- 

tant source of increased demand for skilled labor. They also suggest 

that we avoid exaggerating the uniqueness of the computer 

revolution. 

APPENDIX: DERIVATION OF INDUSTRY-SECTOR DECOMPOSITIONS 

Employment in industry i can be allocated into three final use 

components: exports, defense, and domestic civilian production: 

(Al) E = Ex + E+EC. 

The employment attributable to domestic civilian consumption (as 

opposed to production) in the home economy can be written as the 

sum of domestic civilian production and import components: 

(A2) EC = E + EM 

where the final term represents the employment that would be 

required to produce imported goods domestically. (The term, Ec, is 

analogous to C in the national accounts. It includes employment 

displaced by imports consumed domestically.) Substitution yields 

(2) Ei = Ex- EM + E + Eic. 

That is, employment is attributed to exports, defense, and domestic 

civilian consumption, less that portion of employment due to 

domestic civilian consumption which is employed abroad produc- 

ing imports. 

Assuming that employment and nonproduction employment 

in each sector of an industry are allocated in the same proportions 

as output in the sector, we use industry-specific data on shipments 

of import, export, and defense goods to estimate each of the 

components of equation (2). Specifically, we estimate Ex as E- x 

(exports-/outputi), EM' as Ej x (importsi/outputi) and ED as E. x 

(defense output,/outputQ).21 EC is defined as the residual. 

Employment shares for each industry in total employment can 

be expressed as 

(A3) S = 

21. Data on employment in defense production is actually available in slightly 

more detail. It allows EfD = Ik Eik (defense shipments k/outputik), where k indexes 
plants in industry i. 
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where SJ = EjIE for J = (XD,C), SM = -EM/E is defined as 
negative, and E represents total employment in manufacturing 
(i.e.,E= =iEi) 

The standard within-between industry decomposition of equa- 
tion (1) can now be developed into a sectoral within-between 
decomposition. We can decompose the between term into sectors by 
differencing (A3) and substituting into (1): 

(3) 

E XSzPi = E /Sf P+, + Ei+ AS Pni + I AS ni 

= ASX 
(Pnj PCO + E Sz (Pni T'n) 

+ 1 Lv~i (Pni 1 (Pni 1 

The within-industry change term in (1) can be decomposed 
into sectors by averaging (A3) and substituting into (1): 

(4) Pn.S1= A /PnS + A /Pn.SM + A /Pn + APniSC 

- E (\Pni / 
- 

AP)Si + ( (z\Pni -APnC)SM 

+ z (z\Pn - P~n )Si + E (APni - APnC)SC + APnC. 
1 1i 

Both (3) and (4) approximate a more accurate decomposition that 
would be possible if APJ rather than APn- were available for each 
industry-sector term. 
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