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Abstract 
Demand for less skilled workers decreased dramatically in the US and in other developed countries 

over the past two decades. We argue that pervasive skill biased technological change rather than increased 
trade wilh the developing world is the principal culprit. The peivasiveness of this technological change is 
important for two reasons. First. it is an immediate and testable implication of technological change. 
Second, under standard assumptions, the more pervasive the skill biased technological change the greater 
the increase in the embodied supply ofless skilled workers and the greater the depressing effect on their 
relative wages through world goods prices. In conttast, in the·Heckscher-Ohlin model with small open 
economies, the skill-bias of local technological changes do not affect wages. Thus, pervasiveness deals 
with a major criticism of skill-biased technological as a cause. Testing the implications of pervasive, skill 
biased technological change we find strong supporting evidence. First, across the OECD, most industries 
have increased the proportion of skilled workers employed despite rising or stable relative wages. Second, 
increases in demand for skills were concentrated in the same manufacturing industries in different 
developed countries. 
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I, Jntroduc:tion1 

Less skilled workers have suffered declines in relative wages, increased unemployment and 

sometimes both in the OECD economies over the 1980s. In the United States the real wages of young men 

with twelve or fewer years Of education/ell by 26 percent between 1979 and 1993, and have not recovered 

since.2 Between 1979 and 1992 the average unemployment rate in European OECD countries increased 

from 5.4 percent to 9.9 percent3 and has remained high, with tnOSt of the unemployment concentrated 

among unskilled workers. In the same period relative wages ofless skilled workers declined slightly in 

several OECD countries and sharply in others. Over the last few years, several authors have documented 

the decline in the relative wages of less skilled workers in the US and the concurrent decline in their 

employment in manufacturing (e.g., Murphy and Welch, 1992, 1993; Bound and Johnson. 1992; Katz and 

Murphy, 1992; Blackbum, Bloom and Freeman, 1990), and a number have documented similar trends in 

wages, employment or unemployment in other OECD countries (e.g., Freeman, 1988; Freeman and Katz, 

1994; Katz and Revenga, 1989; Katz, Loveman and Blanchflower, 1995; Davis, 1992; Machin, 1996a; 

Nickell and Bell, 1995). Over the past two decades despite the fact that rapid increases in the supply of 

skilled labor in the OECD have made the less skilled increasingly scarce, their labor market outcomes have 

clearly worsened. 

The literature has proposed several reasons for this decline in the demand for unskilled labor, 

including both Stolper-Samuelson effects of increased exposure to trade from developing countries and skill 

biased (or unskilled labor saving) technological change (SBTC). While there is no consensus, labor 

economists generally believe that skill-biased technological change is the principal culprit That belief is 

1 We appreciate the helpful comments and suggestions of Jonathan Eaton, Christine Greenhalgh, Larry 
Katz, Kevin Lang, John Martyn, participants in the Bureau of Industry Economics conference at ANU, 
NEER Productivity, Labor Studies, International Trade and Growth sessions, an OECD conference in 
Paris, an IFS conference and in seminars at Amsterdam. Boston University, Florence. IUI (Stockholm), 
LIE, Manchester, Montreal, NYU. Oxford, Tel Aviv, Yale. Wisconsin and the New York Federal Reserve. 
The Sloan Foundation supported plant visits. We thank Titlbaut Desjonquercs and Noah Greenhill for 
research assistance. We especially appreciate results provided by Ken Troske. 

2 Calculated for high school graduates with S years of labor market experience in Current Population 
Survey from Bound and 1ohnson (1995), table 1. 

3 Source: OECD (1992, 1993). For spe.cific countries. the 1979-92 increases in unemployment were; 5.0 
percent to 10.1 percent (U.K.); 3.2 percent to 7.7 percent (Germany); 7.6 percent to 10.7 percent (Italy); 
5.9 percent to 10.2 percent (France). All are considerably larger than the American increase fromS.8 
percent in 1979 to 7.4 percent in 1992. 
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based on a combination of three factors: a) employment shifts to skill-intensive sectors seem to be too small 

to be consistent with explanations based on product demand shifts, such as those induced by trade. or 

Hicks-neutral, sector biased tetjmological change (Bound and Johnson, 1992; Katz and Mwphy, 1992; 

Berman, Bound and Griliches, 1994 (BBG); Fleeman and Katz, 1994); b) despite the inClease in the 

relative cost of skilled labor, the majority of US industries have had within sector shifts in the composition 

of employment towards skilled labor (Bound and Johnson, 1992; Katz and Mwphy, 1992; BBG), and c) 

there appear to be strong, within sector correlations between indicators of technological change and 

increased demand for skills (Berndt. Morrison and Rosenblum, 1994; BBG; Autor, Katz and Krueger, 

1997; Machin, 1996b; Machin, Ryan and Van Reenen, 1996). 

In this paper we make the stronger claim that skill biased technological cbange was pervasive in the 

OECD over the past two decades, occurring simultaneously in most. if not all, ~eloped countries. 

Pervasiveness is important for two reasons: Frrst. at the current level of international communication and 

trade it is hard to imagine major productive technological changes occurring in one country without rapid 

adoption by the same industries in countries at the same tf:Chnological level. Thus pervasive SBTC is an 

immediate implication of SBTC, which invites testing. If we didn't observe evidence of SBTC throughout 

the OECD, we would be fmced to doubt if it occurred in any_ OECD country; 

Second, the more pervasive the SBTC. the greater its potential to affect relative·wages. To 

illustrate that point consider a Hcck.scher-Ohlin (H-0) model with small open economies and two factors of 

production. 1n that context skill-biased technological change cannot change the \Vage strucrure in an H-0 

model unless it is also sector-biased. On those grounds, Leamer (1994, 1995, 1996)·has objected 10 the 

notion that SBTC is_ the dominant factor explaining the decline in the demand fOl' skilled labor. This 

critique is powerful, as the lotlg run H-0 model is widely COnsidered to be the relevant model for analyzing 

the effect on wages of the increased exposure of develope.d economies to LDC manufacruriog over the past 

few decades. (The long run is long enough for factors to detach themselves from industties, allowing wages 

to be set by perfectly elastic demandcurves.4
) However, as Krugman (1995) has pointed out,penasive 

sldl/-biased technological change will affect relative wages, since an integrated world economy will 

respond to ~uch technological change as a closed economy would. Under standar~ assumptions, including 

4 The H-0 model has been criticized, as its property of perfectly elastic labor demand curves is 
inconsistent with evidence that labor supply affects wages (Freeman (1995)). One way to reconcile those 
two views is to recognize that the H-0 model applies only in the long run, so that the short and long run 
effects of a local SBTC or of an increase in trade may differ. Since the trend increase m·rclative demand 
for skilled labor~ to have persisted for decades, long run models deserve consideration. 
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homothetic preferences, a sector-neutral skill-biased technological change would release less skille.d 

workers from industries, depressing lheir relative wages. Pc:rvasive skill-biased technological change in the 

developed world provides an explanation consistent with both increased wage premiums for skilled workers 

and within-industry substitution towards skilled workers. That conclusion generalizes to the large open 

economy H-0 model as well. 

Pervasive SBTC has two testable implications. 1) The within sector shifts away from unskilled 

labor observed in the US should occur throughout the developed world. 2) These shifts should have been 

concentrated in the same industries in different countries. Using data on the employment of production and 

nonproduction workers in manufacturing for 10 OECD countries, we find evidence consistent with both 

predictions. In all countries in our OECD sample we find large scale within-industry substitution away 

from unskilled labor despite rising or stable relative wages. Moreover, the cross country correlations of 

within-industry increases in employment of skilled workers arc generally positive and often quite large. 

The manufacturing industries which experience the greatest skill upgrading across our OECD 

sample are those we commonly associate with the spread of microprocessor technology. They are electrical 

machinery, machinery (including computers), and printing and publishing. Together, these three account for 

40% of the within•industry increase in the relative demand for skills. Case study evidence reveals that all 

three of these industries underwent significant technotogkal changes associated largely with the 

assimilation of microprocessors.' Casual empiricism-suggests that the spread of microprocessors within 

the.se and other manufacturing industries was pervasive in the 1980s. This pattern, combined with the 

correlation of skill upgrading with measures of technological change cited above, provides further evidence 

that technological change is the driving force behind increased demand for skill. 

The little evidence we have from the developing world is also consistent with the SBTC hypothesis. 

Several studies have found increased relative wages of skilled labor in LDCs undergoing trade 

liberalization, despite the Stolper•Samuelson prediction (Feliciano, 1995; Hanson and Harrison, 1995; 

Robbins, 1995). We examine a larger sample of developing countries and check for evidence that increased 

trade in the 1980s depressed the wages of skilled workers. We find, on average, constant relative wages, 

despite the fact that the proportion of skilled workers increased as fasl in the rapidly growing 

manufacturing sectors of the LDCs as in the shrinking manufacturing sectors of developed countries. 

'U.S. Department of Labor, 1982a, 1982b, 1986. 
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The paper proceeds as fOllows. In Section II we embed skill-biased technological change in a H-0 

framework. examine possible explanation.s for the decrease in skill demand and derive thcir implications. 

In section Ill we test the implications of the model, presenting evidence on within-industry changes in the 

employment of skills in OECD countries. We also examine how well the nonproduction/production worker 

classification to education and occupation based measures of skill Section IV presents further evidence of 

pervasive technological change. describing common technological changes across countries. In section V 

we discuss possible extensions to deve1oping countries. Section VI concludes. 

IT. The Hes;kscher-Ohlin Framework 

In this section we discuss a framework that allows both Stepler-Samuelson effects and skill-biased 

technological change to influence wages. Our purpose is to examine the roles ~!pervasiveness, factor bias 

and "smallness" in those nwchanisms and to develop empirical implications that will allow us to distinguish 

between causes. We start with the two factor, small open economy version of Heckscher-Ohlin trade theory 

with local te.chnological change and then move on to pervasive to::hnologiC_al change and the model in which 

countries are large enough to affect goods prices. 

Con.sider a version of the standard the.cry (Helpman and Krugman, 1985) based on the following 

assumptions: 

1. There are two factors, skilled and unskilled labor, I= S,U. 

2. N goods are produced by constant rerums to scalC, quasi-concave production functions with associated 

cost functions c;(w), where w is a vector of wages [w&, w0 ] and i = 1,2, ...... ,N. 

3. Perfect competition. 

4. All goods are produced in equilibrium. 

S. There are h2 countries. 

6. Factor endo\VIIlellts and technology allow factor price equalization. 

7. Homothetic preferences. 

Defwe the demand for factor 1 per unit of good i as a11(w). Under cost minimization, it can be 

expressed as the derivative of a unit cost function with respect to the wage of factor I 

oc,(w) 
0.1,~w) = -- for i=l,2, ... N; l=S,U. aw, 



Now consider the "integrated equilibrium" for all countries. Using Xw1 to denote lhe world output level of 

good i and yw = [Sw, Uw] the world endowments of factors, the equilibrium conditions are: 

1. P; = c1(w) for all i, 

2. L a,tw)xt = V1w for all I, 
I 

3. for all i. 

5 

The conditions state that 1) goods are priced according lo marginal cost as free entry of fams in any 

country and constant returns to scale dictate zero profits, 2) factor markets clear and 3) commodity markets 

clear. 

The concept of an integrated equilibrium allows a convenient comparison of labor demand under 

trade and autarky. Consider the skill-abundant country with (SIU> Sw/Uw). In trade, the Heckscher-Ohlin

Vanek theorem states that it will export services of its abundant factor and import services of its scarce 

factor, thus the world price of the skill abundant good must exceed the price under autarky. 

Implication for within-industry demnnd for skills 

The Stolpcr Samuelson Theorem states that an increase in the price of the exported good will 

increase the return to the abundant factor (ws) and de.crease the return to the scarce factor (wu),6 So an 

opening up 10 trade will increase ws/Wu for a skill abundant country. 

As a result, within each industry in the skill (unskill) abundant country, transition from autarky to 

trade will decrease (mcrease) the demand for skilled workers. 

To see this, note that: 

6 To see this fully in the N=2 case differentiate (1) to get dW= A"1 dp since dAw=O by cost minimization. 
The result follows from A being positive semi-definite. For N>2, a positive definite 2x2 matrix exists by 
assumption 6, and its inverse is used. 
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by cost minimization and the quasi-concavity of the underlying production function. 

This is just an expression of the fact that for a single industry only substitution effects are at work. 

Note that within-industry substitution away from skilled workers will be compensated by a between

industry shift in employment toward skill intensive industries, which increase production for export. 

SectorcBiased Tecluwlogical Change 

Consider the effect of a change in the technology of production so that a skilJ.intensive sector 

becomes more efficient in a single country. Leamer (1994) reproduces the result that only the sector-bias of 

a technological change affects relative wages. That argument is most clearly demonstrated by a Lerner 

diagram (Figure 1) which corresponds to the zero-profit conditions (equilibrium condition (I) above) for the 

two traded goods that allow factor price equalization. (Assumption 6 guarantees existence of two such 

goods.) In the diagram the curves Cl and C2 are unit cost combinations of inputs in production of goods 1 

and 2 respectively. Assuming that these goods are traded, their prices are taken as parameters under the 

small country assumption. The wage ratio wJwa consistent with cost minimization at zero profit is the 

absolute value of the slope of the line AB tangent to unit cost curves'Cl and C2.·Now consider a Hicks

neutral technological improvement in the production of good 1, the skilUntensive good, which shifts Cl to 

lower levels of inputs at Cl'. This shift is Hicks-neutral since at the old wage ratio the ratio of inputs SIU 

is unchanged. In the diagram this is reflected by CD _being parallel to AB. Because the technological 

improvement occurred in the skill-intensive sector, it implies an increase in output of good 1, and increased 

demand for skills. This is expressed as a ddcreased relative wage of un.skilled labor or a shallower slope of 

the new line EF joining the points of tangency with ci' .and C2, the new equilibrium. 

Note that, at the new equilibrium, the ratio of skilled to unskilled labor is lower in each sector. 

This is due to Substitution away from skilled labor in each sector in re.sponse to an increase in the relative 

wag_e of skills, as above. 
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Skill-Biased Technological Change 

A sJ:ill-biased technological change is an exogenous change in the production function that 

increases the unit demand ratio a51 / aUi at the current wage level A sector neutral. skill-biased 

technological change is illustrated in Figure II in the shift of unit cost curves Cl and C2 to Cl' and C2'. 

This change is sector neutral in the sense that both Cl and C2 shift_ towards in to lower levels of inputs in a 

way reduces costs by the same proportion. The line CD, tangent to Cl' and C2' reflects the new :zero profit 

condition, and is parallel to AB, reflecting the Same relative wages. These shifts are skill-biased as the new 

equilibium ratios skilled to unskilled workers are higher than the old (Rays from the origin are steeper.) 

While this sector neutral technological change may seem artificial it provides a useful point of comparison 

in the discussion below. Note that unlike sector biased technological change and Stolper-Samuelson effects, 

skill-biased technological change directly increases the proportion of skilled labor employed in each sector. 

Leamer Critique: Skill vs. Sector Bias 

One feature of technological changes in this model with fixed goods prices is that only the sector 

bias of technological changes has any effect on relative wages {Leamer, 1994). To see this, imagine sliding 

the isovalue curve Cl' along unit cost line so that the point of tangency moves to a different ratio of skilled 

to unskilled workers. Any of those locations represent the same1eve1 of costs for production of good I, so 

that the sector bias of each of those technological changes is the same. Though the skill-biases of those 

locations differ, they all share the same solution for relative wages. Thus, in the small open economy 

model, a skill-biased technological improvement has no effect on relative wages except through the implied 

sectoral bias. This argument appears particularly.damning for the widespread conclusion of the literature. 

Local skill-biased technological change, the champion explanation of increased wage inequality among 

most labor economists, cannot have any effect on wages in the two factor Heckscher-Ohlin model with 

small, open economies. 

Now consider a pervasive skill-biased technological change occurring simultaneously in all 

economies in the production of some traded good. In the integrated world economy, the response to such a 

change would be like that of a closed economy. SBTC would cause a disproportionate expansion of 

production of the good intensive in unskilled labor (good 2) as each industry reduces its proportion of 

unskilled labor. Under homothetic preferences that would induce a decrease in the relative price of good 2 

and in the relative wages of unskilled labor. That decrease in the relative price of the good intensive in 

unskilled labor is illustrated as a shift of the unit cost curve from C2' to C2" as more inputs are required to 
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provide the same value of output That shift implies a decrease in the relative wages of un.skilled labor, 

reflected in the slope of line EF, which is shallower than that of CD. Thus pervasive, sector-neutral, skill

biased technological change is a possible explaniition for the increased skill premium even in the small open 

economy model.7 Note that unlike the two alternative explanations of the increased skill premium, Stolpcr

Samuelson effects and sector-biased technological change, it implies within-industry increases in the 

proportion of skilled workers. 

\ How general is the result? Consider relaxing the small economy assumption in the integrated 

C..~ilibriUIIL The more we allow local conditions to affect wcdd prices, the greater the effect. of a local 

SBTC-i11 increasing the relative price of lhc skill-intensive gocxl and the relative wages of skilled labor.1 

Analytically, pervasiveness and bigness work in the same direction, allowing SBTC to affect relative wages 

through their effect on world prices. By the same token, both pervasiveness and bigness reduce the 

importance of sector bias, as productivity gains which produce the sectoral increase in input demand are 

offset by reduced goods prices. Of course, baniers to free trade will also tend to work in the same direction, 

making local prices aod wages more responsive to a local technological change and increasing the ability of 

a SBTC to increase the local skill premiuD'L In any case, the effect of a pervasive SBTC on relative wages 

in the small open economy H-0 model is robust to making the economy larger or more closed. 

nr. Testing the Implication<; or Alternative Explanations 

Evidence from the United S_taJes and the United Kingdom 

The US and the UK experienced the greatest increase in the skill premium among developed 

countries in the 1980s.9 The manufacturing sectors of both countries, in which most trade occurs, 

experienced large reductions in employment and a trend increase in the share of nooproduction workers in 

employment, as shown in Figure Ill We treat nonproduction workers as skilled and production workers as 

unskilled, and justify that classification below. 

7 Homothetic preferences arc sufficient but not necessary for the increased skill premiuDL Krugman 
(1995) points out that a limit on the cross-elasticity of demand will do. 

1 For a clear graphical presentation of this argument see Baldwin (1994). The integrated 
equilibrium behaves like the closed economy analyze.din Jones (1965). 

9 The U.S. college/HS ratio for males increased by 14% in 1979-89. The U.K. nonma.nuaVmanual 
wage ratio increased by 15% for men and 23% for women in 1979-91 (see Katz, Loveman and 
Blanchflower, 1995). 
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Let Sn, be the share of nonproduction workers in manufacturing employment in industry i 

(Sn, = S; / (S1 + U1). The analysis in Section ll predicts that ao increase the relative wages of non production 

workers imply a decrease in Sn, if the cause is a Stolper-Samuclson effect or sector biased te.chnological 

trade (biased toward the skilled sector), whereas an increase in Sn1 accompanied by an increase in the 

relative wage is evidence of pervasive skill-biased technological change. Consider the average change in 

Sn,, weighted by employment, 

where S; is the employment share of industry i. Table I reports that for American manufacturing the 

average annual increase in Sn; (i.e., the within-industry increase) is 0.387 percentage points between 1979 

and 1987. For the UK the comparable figure is 0.301 between 1979 and 1990. In both countries relative 

wages of non production workers increased: in the US the oonproduction/production worker wage ratio rose 

from l.53in 1979to 1.57 in 1987 and to 1.64 in 1990;intheUKtheratiorosefrom 1.31 in 1979 to I.SO 

in 1990. Substitution of production for nonproduction workers despite the increase in their relative wages is 

evidence of skill-biased technological change in both countries. 10 

To put these magnitudes into conlext, consider how much of the aggregate increase in the 

proportion of nonproduction workers is due to substitution within industries. The change in aggregate 

proportion of nonprOOUction workers can be decomposed into two components, one due to reallocation of 

employment be1ween industries with different proportions of skilled workers and another due to changes in 

the proportion of skilled workers within industries: 

ti.Sn "' L 6.S;Sni + L ti.Snis; 
' i 

where an overstrike indicates a simple average over time. Table l reports that these within-industry 

components are not only positive, but quite large. accounting for 70 percent of the aggregate increase in the 

US share of nonproduction workers and 82 perceDt of the British. In the presence of increased relative 

10 Lawrence and Slaughter (1993) present the same argument for the U.S. These results are from 
Berman, Bound and Griliches (1993,1994) and Machin (1996b), who make similar arguments. 



wages for skilled labor, the only explanation we have from the model for that within-industry skill 

upgrading is skill biased technological change. 1112 

10 

A weakness in these measurements is that they require the strong assumption that within observed 

industries a homogeneous good is produced with identical production functions so that the response to a 

relative wage change within an industry is a pure substitution effect Alternatively, each industry "within~ 

term could contain a number of dissaggregated "between" (between goods and production processes) terms 

in it, allowing a composition effect that could reverse the substitution effect For example, increased skill 

intensity for the exported high-skill product could occur if the industry is a·combination of high and low 

skill subindustries, so that o~g up to trade caused the high skill subindustry to expand it's share of 

production within the industry.13 u The second and fourth columns of Table I address this concern by 

reproducing "within-between" decompositions at the plant level carried out by Dunne. Haltiwanger and 

Troske (1996) and Machin (1996b), respectively. Here the potential for composition effects is limiced by 

looking at changes in employment within plants. (A definitive decomposition of this type is impossible as 

changes in goods prices could increase demand for skilled labor through substitution across goods within 

plants while SBTC may also imply a sector bias, reducing the prices of skill-intensive goods and increasing 

demand for skilled labor through shifts of production between goods across plants.) Within-plant 

substitution toward nonproduction labor accounts for 71 %.of the aggregate substitution toward 

nonproduction workers in the American LRD15 and for 83% in the British WlRS. Following the implication 

11 ·capital skill complementarity is a possible explanation in a more general model of production. In 
previous work BBG found that it accounts for very little skill upgrading in U.S. manufacturing. 

12 Clearly SBTC could account for between industry skill upgrading as well 

13 Wood (1991) and Bernard and Jensen (1993) raise this point and the symmetric argument for 
importing industries. 

1• A similar objec_tion is that within industries (or plants) the product mix may respond to changes 
in international prices with more skill-intensive goods substituted for less skill-intensive, creating apparent 
within industry skill upgrading. BBG (1994) find onJy very small correlations between within industry 
upgrading and increased imports, indicating very little skill upgrading due to shifts in ftnal product mix. 

15 Bernard and Jensen (forthcoming) perform a similar decomposition on a balanced panel of plants 
in the LRD rather than the Cemus sample and find a smaller within plant proportion of 54% for the 1979-
87 period. Dunne ec al (1996) attribute the difference in results tO the use of sampling weights to impute 
values for unobserv_ed plants in the LRD and to the choice of period 
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of H-0 theory we interpret this substitution toward skilled labor within plants despite an increase in relative 

wages as evidence for SBTC. 

More concrete evidence that this within industry (and within plant) skill upgrading reflects 

technological change is available from three sources. Within industry increases in the proportion of 

nonproduction workers are correlated wilh indicators of technological changes such as investments in 

computers, investment in R&D and significant innovations (Berndt, Morrison and Rosenblum, 1994; BBG; 

Auter, Katz and Krueger, 1997; Machin, 1996b; Machin, Ryan and Van Reenen. 1996).16 Case studies 

such as those conducted by the BLS Office of Productivity and Technology can give use some sense of the 

nature of the actual innovations involved (Mark, 1987). These often mention innovations that lowered or 

are expected to lower production labor requirements. Along similar lines, as pan of the NBER - Sloan 

Plant Visit program, we saw evidence that microprocessor technologies played a key role in allowing 

production processes to be programed, monitored and centrally controlled, replacing tasks formerly 

performed for the most part by production workers. 

Examples from two plant visits can help illustrate skill biasecf technological change. We visited a 

metal fabrication plant where metal was stretched and thinned to precise specifications by a large number 

of machines working in parallel. The old technology involved one operator per machine who monitored by 

eye. stopping and adjusting the process when necessary. The new system allowe.d. three machines to be 

monitored and controlled by a single operator at a console. and nm three times as fast, resulting in a 

ninefold increase in labor productivity. In a modernized steel mill we saw a steel rolling line controlled by 

tens of operators and technicians at consoles in a cavernous building that formerly housed thousands of 

production workers. The new line ran faster and produced more output than the old In visits to several 

manufacturing plants in these and other: industries we saw evidence that microprocessor technologies 

played a key role in allowing processes to be programmed, monitored and centrally controlled, replacing 

tasks formerly performed for the most part by production workers. 

OUlsourcing 

A potential problem with the evidence cite.d. above on within-industry substirution toward skille.d. 

labor is that firms may "outsource" low-skill parts of the production process abroad, replacing in house 

16 Plant level studies using finer measures of technology adoption, such as use of computer aided 
manufacturing, yield mixed results. Doms, Dunne and Troske (1997) find that technology adoption is not 
correlated with changes in the proportion ofnonproduction workers, though computer investment is. Siegel (1995) 
finds that technology adoption is correla[ed with increased proportions of high skill occupations in employmenL 
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production with imported materials. Imagine a production process made up of high-skill and low-skill 

subprocesses. The H-O effect would be to increase imports of the low-skill and exports of the high skill, 

increasing the ratio of skilled to unskilled labor in the aggregated production process. This apparent 

contradiction of Stolper-Samuelson is empty, since unskilled labor is replaced with imported materials. 

While it is hard to measure such outsourcing, let alone its impact on US employment, we have 

done some simple calculations which suggest that outsourcing cannot be responsible for the bulk of the 

changes we observe. The 1987 Census of Manufacturing included a direct question regarding the purchase 

by establishments of foreign materials. These data show that in 1987 the total cost of material purchased 

by establishments from foreign sources was 104 billion dollars, or 8 percent of all materials purchased and 

30 percent of all imported manufactured goods. Foreign materials purchased include substibltes for 

domestically produced nµlterials as well as substitutes for ·products that would have been produced within 

the purchasing establishment's own industry. While we know of no reliable.way to distinguish uses for the 

material purchased from foreign sources, we note that census data show that only a small fraction (<10 

percent) of purchased materials come from an establishment's own industry. 11 This fact suggests that only 

a small fraction of foreign materials purchased represent outsourcing (as they do not replace domestic 

production in the same industry). 

In our calculation we assume that imported materials displace production but not non-production 

labor. In panicular we assume that imported materials embody the same amount of production labor as do 

domestically produced goods in the same industry, but no non-production labor. Thus, for each industry, 

we calculate that the number of production workers displaced by outsourcing as of 1987 as (miported 

materials/total shipments) x production employment. These calculations suggest that the employment of 

production workers would have been 2.8 percent higher in 1987 had thae been no outsourcing. This 

translates into a 0.76 percentage point increase in production wcd:ers' share in total employment Within 

industry, production workers' share had dropped 4.22 percentage points between 1973 and 1987. Thus, this 

calculation would suggest that outsourcing_could directly account for 16 percent of the decline in the 

production worker share of employment that occurred over this time period. 

While we expect that only a fraction of the materials that an establishment purchases from foreign 

sources will represent outsourcing, the Census category misses one dimension of outsourcing. The census 

11 Data drawn from the materials files of the 1987 Census of manufacturing shows that 2 percent 
of materials purchased originate in the same four-digit industry as purchase.d the material. 7 percent 
originate in the same three-digit industry. 
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instructions state that "items partially fabricated abroad which reenter the country'' should not be included 

as "foreign materials." Such iteim would normally enter the country under items 806 and 807, schedule 8 

of the Tariff Schedule of the United States. In 1987 the value of such items totaled a not imignificant 68.6 

billion dollars. However, the automobile industry that accounted for only 3 percent of total skill upgrading 

accounted for roughly two-thirds of such imports. Eliminating both the auto industry and domestic content 

of such items reduces the 68.6 billion to 14.0 billion or roughly 0.5 percent of the value of manufacturing 

shipments that year-too small a quantity to matter very much (U.S. International Trade Commission, 

1988). 

Outsourcing may be important in some industries. For example, as of 1987, 806 and 807 imports 

represented 57 percent of imports in the auto industry and 44 percent of imports of semiconductors. A 

calculation similar to the one done above suggests that these imports are sufficient to account for more than 

100 percent of the shift away from production workers that occurred in the auto industry and one-third of 

the shift that occurred in semiconductors. 11 However, the point is that foreign outsourcing is concentrated 

enough in specific industries that it is hard to imagine that it can account for anything more than a small 

fraction of the total, within-industry shift away from production labor. 

Our estimates are crude, but they err on the side of overestimating the effects of outsourcing on 

demand for prOOuction workers: Not all foreign materials represent outsourcing. For those that do, some 

nonproduction labor is certainly embodied in the domestic production replaced by outsourcing. Still, these 

calculations suggest that while outsourcing might be important for some industries it cannot account for the 

bulk of the skill upgrading that occurred within manufacturing over the last two decades. 19 

18 Figures on the overseas production of semiconductors (U.S. International Trade Commission, 
1982) are consistent with these calculations. 

19 Feenstra and Hanson (1996b) use a somewhat different method to estimate the magnitude of 
foreign "outsourcing". Using census of manufactures data, they multiply materials purchased by the 
proponioo of imports in their source industry. Their estimate is that 11.5% of materials could represent 
outsourcing, rather than the 8% reported by BBG. Feenstra and Hanson emphasize that contract work 
could explain the difference between these estimates, since it is included in imports, but not in imported 
materials. Nevertheless, both figures are likely to be substantial overestimates, as most imported materials 
probably do not replace in house production. Using regression techniques, Feenstra and Hanson estimate 
that outsourcing can account for as much as 51 % of the within industry shift away from pI'ocluction labor. 
However, given the calculation reported in the text, this estimate seems improbably large. What is more, in 
unpublished work Baru (1995) uses regression techniques and measures similar to those used by Feenestra 
and Hanson, but when calculating her measure of oursourcing, Baru uses only purchases within the same 
three digit industry. She finds no association between her more narrowly def med measure and skill 
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A correspondence between measures of skill 

All of the work we discuss in this paper is based on manufacturing data in which the only available 

measure of skill is the proportion of nonproduction workers in employmenL This measure is viewed with 

skepticism by Leamer (1994), who points out that skilled jobs such as line-supervisoc, produce development 

and record keeping are c1assified as production worker jobs while jobs such·as sales delivery, clerical, 

cafeteria and construction are classified as nonproduction. BBG defend the production/nonproduction 

classification, showing that the proportion of nonproduction workers follows the same trend increase as the 

proportion of skilled workers in U.S. manufacturing.20 

A powerful new data set offers a way of examining how the production/ nonproductioo 

classification compares to educational and occupational measures of skill. The Worker Establishment 

Characteristics Database (froske, 1994), matches individuals from the Census of Population in-1990 to 

plants in the Census of Manufactures in 1989. Combining the educational and occupational information we 

find a close correspondence between the different classifications of skill: 75% of nonproduction workers are 

in white collar occupations, while 81 % of production workers are in blue collar occupations. Details are 

given in the appendix and in Table Al. 

While there seems to be lots of scope for the nonproduction/production categories not to 

correspond with other measures of skill, these are the exceptions rather than the rule. For the educational 

and occupational categories in the Appendix Table Al, they correspond quite well. This one cross section 

does not conclusively demonstrate a correspondence between changes in the proportion of nonprOOuction 

worke.rs and changes in other measu~ of skills, but we find it convincing' enough to adopt the 

nonproduction I production claSsification as our measure of skill. 

Evidence from Manufacturing Sectors of the Developed World 

ff the dominant cause of increased relative wages of skilled workers in the US and UK is pervasive 

SBTC, then it must be occurring in other ~veloped countries. The United Nations General Industrial 

Statistics Database (United Nations, 1992)contains manufacturing employment data for a large number of 

countries categorized into 28 consistently defined industries. We are interested in the most productive 

upgrading 

20 Sachs and Shatz (1994) also discuss the suitability of a production/nonproduction classification as a 
measure of skill in their appendix. 
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economies under the assumption that they are most likely to use the same production technologies as the 

United States. From the set of countries without data problems we define our developed sample as the top 

twelve countries, ranked by GNP/capita in 1985. They range from the United States ($16,910) to Belgium 

($8290). Appendix Table A2 gives the rankings. The table also reports employment shares of 

nonproduction workezs in manufacturing in the 1970s and 1980s. The nonproduction employment share 

has generally incr~ed in both the 1970s and 1980s in our developed sample. In eight of the twelve 

countries total manufacturing employment fell through the 1980s. 

Among the developed countries we study, the employment share of skilled labor increased in all 

twelve in the 1970s and 1980s. Relative wages of skilled labor either increased or remained constant in 

mosL 21 A common description of European labor markets in the 1980s is that they share the same 

phenomenon of decreased demand for less•skilled workers but differ in how it is expressed. In the US and 

UK where wages are flexible, the relative wages of the less•skilled declined sharply, while in other 

countries collective bargaining and minimum wages moderated the decline in relative wages but caused 

high levels ofunemployment.22 

Table 11 reports the increased proportion of nonproduction workers in manufacturing employment 

and the percentage of that increase due to within-industry components in the 1970s and 1980s. Across 

countries with very diverse labor market institutions, two common features stand out: 

1) an increased proportion of nonproduction labor in manufacturing, 

2) substitution toward nonproduction workers within industries in the 1980s, despite increased or flat 

relative wages of nonproduction workers. 

Not only was within-industry substitution positive, it was quite large, accounting for most of the _increase in 

the aggregate in all countries (except Belgium where it accounts for 49%). Large within-industry skill 

upgrading despite rising or constant relative wages is evidence of skill biased technological change in each 

of these countries. Taken together, they provide evidence for pervasive skill-biased technological change in 

the developed world 

11 The US, UK, Austria and Denmark experienced large increases in the skill premium. Australia, 
Japan and Sweden had modest increases. Germany and Italy had no change. Finland had a modest decrease 
and Belgium had a large decrease. We lack information about Norway and Luxemburg. (Freeman and Katz 
(1994) supplemented by calculations for manufacturing from UN data for countries not covered in the 
former.) 

22 Freeman and Katz (1995) and Krugman (1995) offer this ~terpretation of inequality in OECD 
labor markets. 
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A limitation of this data is this 28 industry classification much more aggregated than those reported 
in Table J, allowing more room for composition effects to masquerade as within plant effects. But, note that 

the 28 industry ~within• figure for the US in Table II is only 3% higher (as a proportion of the aggregate 

change) than the comparable 450 industry figure in Table I, so a 28 industry decomposition may provide a 

gocxf approximation of the substitution and composition effects at the fma levels of disaggregation that we 

report in Table I. 

In many of these countries within.industry skill upgrading increased more in the 1970s than in the 

1980s. However, this should probably not be interpreted as evidence of an overall slow down in the rate of 

SBTC. In most of these OE1?D countries the relative wages of nonproduction workers decreasc.d during the 

1970s, but increased or remained stable during the 1980s23
• These changes in relative wages would tend to 

induce within industry skill upgrading during the 1970s and downgrading during the l 980s through 

substitution effects. Without netting out these substitution effects, something that would be hard to do, it is 

impossible to cell whether the rate of SBTC accelerated, remained constant or decelerated during the 

1980s. (Bound and Johnson, 1992; Katz and Murphy, 1992). Similarly, we are reluctant to ioteipret 

differences across countries in terms of the rate of within industry skill. upgrading as evidence of cross 

country patterns in the rate of technological change. Rather, these patterns could plausibly reflect cross 

country differences in other factors that effect wage setting. Some of the cross-country variation in changes 

in the relative wages of nonproduction workers seems to be due to cross-country variation in lhe supply of 

college educated workers. The overall pattern is consistent with a trend increase in both supply and demand 

of skills, with either accelerated demand or decelerated supply in the l 980s·increasing the skill premium, 

while local changes in supply affects relative wages as well. 

In summary, in the ten developed countries for which we have manufacturing data in the 1970-90 

period, we find widespread within-industry substitution towards skilled labor despite either constant or 

increased relative wages in the 1980s. Applying lhe predictions of the analysis in the last section, this 

pattern indicates skill-biased technological change in all of these countries. 

D These effects, in turn, are likely to be a symptom of decelerating skill supply. While all these 
countries show a trend increase in the proportion of college educated in the labor force in the 1970s, thac 
proportion decelerated almost uniformly in the 1980s (OECD, 1995; Barro and Lee. 1997). In the short run 
or in an integrated equilibrium, supply can affect relative wages even if the small open economy 
assumptions of section II apply in a longer run. 
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IV. Cross-Country Correlatiofl'i: A Further Test of Pervasive Skill-Biased Technological Change 

In this section we test implications of the pervasiveness of skill-biased technological change. In 

section II we argued that the more pervasive the SBTC, the greater its potential to affect relative wages. 

Casual empiricism suggest that microprocessors, the most likely source of this technological change, have 

indeed become ubiquitous throughout the OECD. The empirical literature has tied indicators of 

technological change with substitution towards skilled workers such as investment in R&D, significant 

innovations, increased investment in computers and in other nhigh tech" capital.24 In the previous section we 

showed evidence for SBTC in our sample of OECD countries. Still, if SBTC is pervasive, there is another 

testable implication that we can check. We should find the same industries increasing their proportion of 

skilled workers in different countries. 

Cross Country Correlations 

Pervasive skill-biase.d technological change implies that within•industry changes in the use of skills 

be positively correlated across countries producing that good So we test for pervasive SBTC by examining 

cross-country correlations of changes in the use of skills (ASn). 

Table Ill presents a correlation matrix of corr(ASn., Sd, ASn,,1 Sd), the cross.country within• 

industry changes in the share of nonproduction workers for nine developed countries.n Stars denote a 

significant correlation at the 5 percent level. Note that the correlations are nearly all positive (34 of 36) and 

some are quite high. Indeed, 13 of the 36 are significant at the S percent level. The shift toward increased 

use of nonproduclion workers has for the most part occurred within the same industries in different 

oountries.26 

The cross-country correlations suggest that technological change in several of the countries is quite 

similar. The strongest positive correlation is between the UK and the US, but a group of countries 

(especially Denmark, Finland, Sweden, the UK and the US) have vecy similar within•industry changes in 

the proportion of non production emplo~nt. Consider the US on the one hand and Sweden, Denmark and 

24 Berndr, Morrison and Rosenblum(l994), BBG, Machin (1996b). 

2' Luxembourg has been dropped as it has only 6 observed industries in this period. Norway and 
Ge:nrumy was dropped for lack of employment share figures in 1980..90. 

26 Other authors have found similarities between manufacturing sectors in diffetent countries. Both Katz 
and Summers (1989) and Krueger and Summers (1987) have found that the wages of workers in the same 
manufacturing industry have high positive correlations across countries. 



Finland on the other. These are economies with very different labor market institutions and very different 

trade and macroe.conomic experlences in the 1980s. The similarity in the pattern of decreased use of 

production workers despite their different experiences is compelling evidence for common technological 

changes as an underlying cause of decreased demand for unskilled labor. 

Industries with Large Skill-Biased Technological Change 

18 

The industries that drive the correlations in Table III indicate what the nature of these technological 

changes may be. Figure IV displays the scatterplot of US within-industry terms against those of the UK. 

The US-UK correlation is mainly due to the large conunon increases in the share of nonproduction 

employment in four industries: Machinery (& computers), Electrical Machinery, Printing and Publishing 

·and Transportation. 

A more systematic way of looking for industries with large effects is to estimate industry effects in 

a country-industry panel. In a regression of "within" industry terms on country and industry indicators, 

the ai are the average industry terms once country means have be.en removed. A well estimated industry 

effect will reflect a within term common to many countries, while a large industry effect is evidence of 

increased use of skills in at least one country-industry. 

Table IV reports the three largest of the statistically significant estimated industry effects. Three 

industries: Electrical Machinl;7)', Machinl;7)' (& computers) and Printing & Publishing, together account for 

40 percent of the average within-component across countries. A full set of estimated industry effects is 

reported in Appendix Table A3. Case studies indicate that these industries introduced significant skill

'biased teclmologies during this period, especially in the automation of control and monitoring of production 

lines.27 For example, a principal source of SBTC in the printing and publishing industry was automated 

rather. than manual sorting and folding of newspapers. 

27 U.S. Department ofLabor, (1982a, 1982b). 
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V. Global Skill-Biased Technological Change? 

What about che developing world? According to the H-O approach, in a country that is abundant in 

unskilled labor the opening up to trade that occurred in 1980s should have a negative Stolper-Samuelson 

effect on the _relative wages of skilled workers. Thus H-O and SBTC hypotheses have opposite predictions 

for relative wages in LDCs. The literature reports that relative wages of skilled labor have risen in some, 

though not all, LDCs undergoing trade liberalizations in the 1980s (e.g., Feliciano, 1995; Hanson and 

Harrison, 1995; Robbins, 1996; Feenstra and Hanson, 1996a}. Appendix Figure Al reproduces that result 

using the UN data, showing that a number of developing countries experienced an increase in the relative 

wages of nonproduction workers in manufacturing between 1980 and 1990. 

Stable and rising relative wages are particularly interesting, considering that almost all of these 

countries experienced considerable increases in the proportion of skilled labor in manufacturing over the 

1980s, as illustrated in Appendix Figure A2." For the developing world, that increase in the proportion of 

skilled labor was generally accompanied by rapid growth in manufacturing employment (see Appendix 

Table A2 and Wood. 1994). While H-0 logic implies that increased trade should reduce relative demand 

for skilled workers in LDCs, their manufacturing sectors are expanding rapidly and upgrading skills at the 

same time. Besides the effects of trade, some other effect must have more than compensated to keep wages 

of nonproduction workers stable especially as their proportion increased quickly in the 1980s. Skill-biased 

technological change is one possible explanation. Other causes could be increased investment and 

technology transfer combined with capital-skill complementarity, or decreased protection of industries 

intensive in unskilled workers. Nevertheless, these findings raise the intriguing possibility that SBTC is at 

work in the developing world as well as the developed. 

VI. Concluding Remarks 

In this paper we have presented evidence that the kind of skill biased technological change which 

occurred in the US has been pervasive across the OECD. Our data show that : a) substirution towards 

skilled labor within industries occurred in all ten developed countries that we studied in the 1970-90 period, 

despite constant or increasing relative wages of skilled labor, and b) the same manufacturing industries that 

substituted towards skilled labor in the US did so in other developed countries as well. The industries with 

common large within-industry contributions to skill upgrading are machinery (& computers), electrical 

28 Widespread skill upgrading in the developing world is also reported in a literature survey by Davidson 
(1995). 
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machinery and printing & publishing. Together, these three account for 40% of the within-industry increase 

in the relative demand for skills. Case studies reveal that all three of the.se industries underwent significant 

technological changes associated largely wilh the assimilation of microprocessors. 

Based on this evidence alone. it would be hard to distinguish lhe effects of SBTC from those of 

capital-skill complementarity. Previous work (BBG) has found that capital accumulation in US 

manufacturing was not large enough to generate the obsened increase in relative wages using cross

sectional estimates of the elasticity of substitution. Similarly, it would be hard to distinguish the effects of 

SBTC from those of a general increase in the quality of skilled labor, due to improved sorting or improved 

human capital production. We feel that pervasive improvements in the qualiry of skilled labor are unlikely 

unless they-are caused by some pervasive technological eff~L 

The debate in the literature over the effects of SBTC on relative wages has often turned on the 

relevance of the small, open economy assumptions (Freeman (1995), Leamer (1996)). Pervasiveness allows 

SBTC to reduce the relative wages of the unskilled even in a model that assumes small, open economies 

because its occurrence in a large number of countrie5 allows analysis of the integrated equilibrium as if the 

OECD were a closed economy. In the context of that model, to·calculate the siz.e Or the effect of different 

factors, we must gauge their relative effects on world goods prices. The relative price of skill-intensive to 

low-skill-intensive goods is in tum set by the factor content embodied in increased supplies of goods to the 

OECD. Using the American experience as a guide we see that the factor content of SBTC in manufacturing 

alone implies a de.crease in the proportion of less skilled (production) workers about eight times that 

attributable to increased trade. Refening back to Table I, in the 1979-87 period. during which demand for 

less-skilled workers dropped sharply in the U.S., the factor content of SBTC accounts for at least 70% of 

the displacement of unskilled workers (i.e. the increase in the proportion of skilled workers) in U.S. 

manufacturing. The factor content of trade a~ounts for about 9% (BBG, Table IV) in the U.S.251 For the 

OECD as a whole, 70% would be a typical figure for SBTC, but 9% would be generous for the effects of 

trade as the U.S. e,i;perienced a much greater increase in trade with the developing world than OECD as a 

whole. Assuming that demand elasticities are approximately the s~ for imports and domestic production, 

that calculation implies that the effects of SBTC on relative wage5 are an order of magnitude larger than 

those of increased trade with the developing world. 

251 For a justification of the use of factor content calculations in approximating the effects of trade 
flows on relative wages, see Krugman (1995) or Deardorff and Staiger (1988). 
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Even if pervasive SBTC is a principal explanation, there is no reason to believe that it is the sole 

explanation for increased relative demand for skills. Stolper-Samuelson effects and institutional changes 

such as decreased unionization and decreased. minimum wages all occurred during this period and 

undoubtedly contnlmted to increased relative demand for skills, though the evidence weighs against any of 

these causes as a principal explanation. Deviations of the supply of skill from a long run trend increase also 

play a role in determining relative wages. European OECD countries do show considerable variation in the 

rate of growth of sJcill supply which appears to be negatively correlated with changes in their skill premia in 

the 1980s, suggesting that the H-0 short run can last for long enough for supply effects to be observed. In 

an integrated equilibrium long term fluctuations in supply of skilled labor in the entire OECD will affect 

relative wages. That is an interesting topic for future research. 

Though the evidence we present is only from manufacturing, where measurement is easiest, the 

effects of SBTC on wages may be just as important in the service sectors. In retail and financial services, 

for example, microprocessor based infonnation processing technologies have dramatically clianged 

accounting and secretarial work (Levy and Murnane, 1996). At a more aggregate level. Bound and Johnson 

(1992), Murphy and Welch (1992) and Katz and Murphy (1992) all present evidence of within-industry 

skill upgrading in other sectors, despite increased relative wages of skilled workers. This within industry 

skill upgrading outside of manufacturing also occurred in the same industries in the US and the UK. The 

correlation of within industry terms between the US and UK across the IS industries outside of 

manufacturing is 0.93.30 That high correlation is largely due to very rapid skill upgrading in financial 

services in the two countries. Skill-biased technological change outside of manufacturing may have also 

been pervasive and is an additional likely cause of decreased demand for less skilled workers. 

Pervasive skill-biased technological change suggests several avenues for interesting research. The 

source of SBTC, its rate of flow across borders, the identification of the technologies involved and 

espe.cially the likely implications for labor demand in the rece.iving country are all interesting and relevant. 

This is especially true for developing countries in which technological changes could exacerbate current 

high levels of income inequality. 

30 The measure of skill is postsecondary education in this calculation. Authors calculation from the 
U.S. Current Population Survey and the U.K. Labour Force Survey, 1981-91. 
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Appendix: A CoJ"rESpondence Between Measures or Skill 
The Worker Establishment Characteristics Database, constructed at the Center for Economic 

Studies (Troske. 1994), matches individuals from the Census of Population in 1990 to plants in the Census 
of Manufactures in 1989. For 2490 large manufacturing plants we have information from the Census of 
Population about the demographics of a sample of employees. Using the educational and occupational 
information we construct estimates of the number of employees in each edt,ication or occupation category in 
a plant A regression of these estimates on the number of production and nonproduction workers in a plant 
allows estimation of the distribution of nonproduction (production) workers across educational and 
occupational categories. 

Let the probability that a worker is in educational category j conditional on being a nonproduction 
(production) worker be~, (f\,). The expected number of type j workers in a plant is F, = l\,,F. + ~,,E,. 
where En and Bi, are the nui:nba of production and nonproduction workers, re.spectively. We have "1, a 
noisy measure of E., (the true 1989 employment figure). A regression of Xj on E. and Er, estimates J>JD and 
~p· . 

Table Al repons estimates for education and occupation groups.31 The resbiction that the sum 
over categories j of ~Q (J>J is one has be.en imposed. Looking at the educational distribution, the median 
nonproduction worker has some college, with 66% having some college or more education. The median 
production worker has 8. high school education, with 61 % having high school or less. Occupational 
categories show an even closer corr~ndence to the production/ nonproduction classification. 75% of 
nonproduction workers are in white collar occupations (48% are managers and professionals. 25% are 
technicians, in sales or in administrative support and 2% are in services). 81 % of production workers arc in 
blue colfa.r occupations." 

A possible explanation for this close correspondence is that Census of Manufactures respondents 
ignore the definitions and classify hourly workers as production and salaried workers as nonproduction. 
which correspon~ more tightly with the other measures of slcill than do the definitions. If that's the case, 
the correspondence may hold between changes in the proportion of nonproduction workers and changes in 
other measures of skills as well 33 

31 We thank Ken Troslre for performing.this analysis. 

32 The intercept tc:nn.s in this regression should be zero. Their significant difference from zero may be 
due to a correlation between the proportions (P's) and plant siz.e. Note that the intercept is an out of sample 
prediction for large plants so light effects of size on P's may cause l:irge shifts in the intercept 

n Unfortunately, we could not check the plant level correspondence of measures of skill in other 
countries. A similar exercise at the 2 digit industry level using manufacturing and labor force surveys 
indicates that the correlation of nonproduction/production categories with educational categories is similar 
in the UK to that in the US (Machin, Rya? and Van Reenen, 1996). 
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Table I: Changes in Employment Structure in the UK and the US in the 1980s 

United United 
States Kingdom 

Time Period 1979-87 1977-87 1979-90 1984-90 

~umber of Industries/ 450 360,000 100 402 
Plants 

Level of aggregation 4-digit plants 3-digit plants 
SIC SIC 

Data Source Annual Census Census Workplace 
Survey of of of Industrial 

Manu- Manu- Produc- Relations 
factures factures tion Survev 

Annual Change in 
Nonproduction 0.552 0.483 0.367 0.41 

Employment Share 
in percentage points) 

Within-iodustry/plant .387 .341" .301 0.34 
comnnnent (oercent) (70) (71) (82) (83) 

Between-industry/plant .165 .077 .066 0.07 
comoonent (uercent) (30) (16) (18) (17) 

Annual Change in 
!Nonproduction Wage 0.774 - 0.668 -

Bill Share 

Within-iodustry/plant .468 - .554 -
comnonent (percent) (60) (83) 

~etween-industry/plant .306 - .114 -
component (percent) (40) (17) 

Sources: UK- Machin (1996b), Tables 7.2, 7.3; US industries - Berman, Bound and Griliches (1994), 
Table lV, US plants - Dunne, Haltiwangi:f" and T~oske (1996) Table 1. 

~ The Dunne et al (1996) decomposition also includes a small negative cross-product term and a 
positive net entry term for the effect of entering and exiting plants. 
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Table II: Proportion oflncreased Use of Skills "Within" Industries 

Country Change in % Change in% % NOie 
%noo within 000 within 
production 1970- production 1980-
1970-80 80 1980-90 90 
(annual- (annualized) 

';,,.n 

us 0.20 81 0.30 73 
Norway 0.34 82 

Luxembour" 0.46 112 0.30 143 

Sweden 0.26 70 0.12 59 
Australia 0.40 87 0.36 99 

Jaoan 0.06 121 

Denmark 0.36 83 0.41 87 

Finland 0.42 83 0.64 79 

W. Germany 0.48 89 

Austria 

UK 
-•. 

Notes: I. 

2. 

0.46 89 0.19 73 

0.41 91 0.29 94 
ft., <O ... .. 

The proportion within is the sum over 28 industries of (W\t • SJ/dP»tin period t where S1 is 
[{Emp;/Emp.)+(Emp-n-1/Emp,.1)]/2, the share of manufacturing employment in industry i, 
averaged over time. 
Source: United Nations General Industrial Statistics Database. 

• The sampling frame changed for Japanese data between 1970 and 1981. 

1970.80,n/a 

1970 80 87 

n/a*,81,90 

19708089 

1970,79,n/a 

'"""""°' 



Table JTJ: Cross-Country Correlations of Within-.lndu.c;try Changes in Proportion Nonproduction: 
1980-90 

A 
F s u I D i A 

w s a e u 
n 

u e t p n 
1 

s u 
s d r a m t K a e a n a r 

1 n 
i n r 

d i k a 
a 

Sweden 
.43• 
(.02) 

Australia .28 .19 
(.14) (.34) 

Japan .32 .02 -.22 
(.11) (.94) (.26) 

Denm,rk .73* .36 .37 .33 
(00) (.06) (.05) (.09) 

Finland 
.59• .39* .51* .14 .80* 
l.00) (.04) (.01) (.47) (.00) 

Austria .22 -.17 .s2• .12 .s1• .46* 
(.26) (.37) (.01) (.54) (.00) (.Oll 

UK 
.76* .18 .51* .19 .76* .64* .61 
(.00) (.36) (.01) (.32) (.00) (.00\ (.00) 

Belgium 
.18 .00 .01 .22 .11 .09 .37 .15 

(.441 (.99) (.97) (.37) (.63) (.7ll (.JO\ (.53\ 

Notes. 
1. These are cross-country correlation coefficients of within-industry changes in nonproduction 

employment shares, 

where i is an industry index and c is a country index. 
2. 1be number in brackets is the significance level of a test that the correlation is zero. Standard errors 

in parentheses. A • denotes a significant correlation at the 5 percent level. 
3. The sample was restricted lo countries with GNP/capita of over $8000 US in 1985 {the top 12 in 

Table A2) and over twenty consistently defined induslries observed in 1980-1990. 
4. The 28 industries in this classification are listed fully in Appendix table A3. 
5. All correlation coefficients are calculated using a full set of 28 industries, except those involving 

1apan (27 observations), Belgium (20 observations) and 1apan & Belgium (19 observations). 
6. Source: United Nations General Industrial Statistics Database. 
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Table JV: Selected lndll_gry Effects in Wfthln-Industry Tenns: 
1980-90 

In a regression of "within" industry terms on country and industry indicators, 

I C 

witci = &.PnclSci "' L ~ + L Pc +· &ci 
l•I c•I 

the following industry effects are statisti~y significant and represent more than 10% of the within 
component of the increase in the proportion of non production workers in employment A full set of 
industry effects a.re reported in Table A3. 

Industry Industry Effect Avg share of 
/Within industry in 

Co..,....,_nent -Io·--·nt 

Printing& .100 .061 
nublishin~ t.041\ . 

Machinery .146 .117 
·finc1. co--uters) f.045l 

Electrical .156 .096 
'Machin-· (.037) 

Sum .402 .273 
(3 industries) 

Number Of 249 
observations 
RootMSE .116284 

Notes: 
I. Data are scaled so that the estimated coefficient represents the ratio of the industry effect to the 

cross country average "within" component. 
2. The root mean squared emrr of the left-han.d side variable is .126295. 
3. Standard errors are calculated using the White heteroskedasticity robust formula. 
4'. Source: United Nations General Industrial Statistics Database. 
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Table Al: What is a Nonproduction Worker in US Manufacturing? 

Education constant non- production R-square 
group production 

(highest 
level 

achieved) 

<HS 9.82 .01 .03 .28 

(1.05) (0.01) (.001) 

HS 35.52 .23 .58 .91 

(5.33) (.004) (.005) 

Some -20.96 .30 .30 .93 
College 

(2.71) (.003) (.004) 

College- 15.06 .31 .07 .81 

4 year dg. (3.58) (.004) (.005) 

>College -9.31 .15 .01 .68 

(>4 vr d•.) (2.13) (.002) (.003) 

.e: Calculated from the Worker-Establishment Characteristics Database for 2490 large plants. The left-hand 
side variable in each row is the estimated number of workers of that type in the firm. The right-hand 
side variables are the number of production and nonproduction workers. Coefficients are interpreted 
as the proportion of nonproduction (production) workers of each type. Each column of coefficients 
is restricted to sum to one. We thank Ken Trriske for perfonning this calculation. 
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Table Al (cont) : What is a Nonproduction Worker in US Manufacturing? 

Occupation groups: constant nonprodu producti 
1occ codes) ction · on 

Mgr&Prof -20.72 .48 .08 

(¢=199) (5.27) (.005) (.006) 

Tech, Sales & Adinin. 18.74 .25 .08 
Support 

(203-389) (2.17) (.002) (.003) 

Service -0.76 .02 .03 

(403-469) (0.54) (.001) . (.001) 

Farm-Forest & Fish 0.15 .001 .000 

(473-499) (.06) (.0001) (.0001) 

Precision Prod -21.64 .11 .33 

(503-699) (2.86) (.003) (.004) 

Operators & Fabricators 11.42 .10 .38 

(703-791) (3.99) (.003) (.005) 

Laborers 12.82 .03 .10 

(1.95) (.002) (.003) 

~: Calculated from the Worker-Establishment Characteristics Database for 2490 large firms. The left-hand 
side variable in each row. is the estimated number of workers of ~at type in th~ firm. The right-hand 
side variables are the number of productio~ and nonproduction workers. Coefficients are interpreted 
as the proportion of nonproduction (production) workers of each type. Each column·of coefficients 
is restricte.d to sum to one. We thank Ken Troske for performing this calculation. 
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Table A2: Levels and C han(l'es m the Pr d o ortion ofNonnro uchon w orkers 

%000 % " 
%,o changes i chruigcs i %employ % employ- GNP 

production production production 
%non- % non- =" =" "" No~ 

1970 198 199 
productlon productioo grow<h grow<h capita 

1970-80 1980-90 1970-80 1980-90 198S (US$ 

us 26.1 28.1 31.l 0.20 0.30 5.2 -9.8 16910 
Norv,1ay 22.2 25.6 0.34 0.6 14560 

Luxcmbow-g 16.J 20.9 23.9 0.46 0.30 ... o -5.7 14070 
Sweden 26.9 29.4 30.7 0.26 0.12 ... 4 -18.6 12040 

Australia 21.7 25.7 28.2 0.40 0.36 -12.l -12.4 11760 1970.80,87 
Japan• levels not reliable 0.06 ... o 6.1 11430 1970.81.90 

"'""""' 24.6 28.2 31.8 036 0.41 -10.0 2.4 11380 1970.80,89 
Finland 19.8 24.0 300 0.42 0.64 12.9 -22.9 11000 

W. Germany 24.7 29.0 0.48 -14.9 10980 1970,79,n/a 
Austria 24.6 29.1 31.0 0.46 0.19 ,.o -8.9 9100 

UK 25.9 30.0 32.9 0.41 0.29 -23.0 -35.0 8520 
Belgium 19.9 24.4 26.0 0.46 0.32 -31.1 -15.3 8290 1970,80,8S 

nong ... ong .... '"·" .... , -i).11 '-"-
G=c 21.4 272 37.5 0.58 1.03 33~ .. .. 5883 
Ireland 18.4 19.8 23.5 0.14 0.40 12.4 -18.9 4940 1970,80,89 

Barbados 20.9 23.9 0.30 -21.5 4670 
Cyprus 15.8 16.5 om 21.4 4S00 

Spain 15.9 21.6 245 0~7 0.29 19.2 -24.3 4370 
Venezuela 19.6 25.2 31.2 051 0.67 48.7 11.7 3910 1970,81,90 

Iran 11.1 13.2 IJA 021 0.03 47.8 19.8 3770 1970,80,86 

Malta 14.3 15.4 18.8 0.11 0.42 37.8 -5.8 3410 1970,80,88 
Czccboslov.tk 25.3 26.6 28.7 0.14 021 52 -2.9 2560 
Pucno Rico.,. 16.4 19.4 19~ 030 0.00 11.6 2.4 

Pm= 20A 21.2 23.5 0.09 0.23 26.3 4.0 2380 1970,79,89 
K= 19.8 17.4 23.8 -0.22 0.71 58.9 32.0 2340 1970,81,90 
Poland 23.0 26.l 22.3 0.31 --0.38 16.2 -36.9 2100 

Yugoslavia 28.5 28.0 27.3 -0.05 -0.08 38.7 20.8 2060 1970,80,89 
Bulg-dria 20.1 17.7 ·20.6 .0.25 0.29 17.1 7.8 2060 
Portugal 12.6 14.3 15.4 0.19 0.15 29.5 -9.3 1980 1971,80,87 
Hungary 26.6 21.2 22.5 .055 0.13 -12.0 -23.9 1940 

Fiji 13.9 14.1 6.7 0.02 -0.74 34.1 385 1650 1972,80,90 
Uruguay 21.9 21.7 22.8 -0.02 0.13 -22.7 -26.2 1550 1972,80,88 

Chile 26.8 27.0 0.02 30.7 1430 nla.1980.90 
Colombia 20.6 26.7 32.7 0.61 0.60 33.4 -4.0 1290 1973,80,88 
Guatemala 18.9 22.1 29.2 0.45 0.88 28.6 12.4 1200 1973,1988 

Ecuador 21.2 23.7 28.7 0.26 0.49 57.7 .0.0 1180 
PapuaNew 

9.2 11.9 14.8 OZ7 0.58 30.1 7.4 150 1970,80,85 
Guinea 

Indonesia 18.8 16' .022 9.8 550 1970,80,nla 
Bolivia IS.I 29,9 32.6 1.48 030 S1.S ... 5 430 1970,80,89 
P-..Jtlstan 22.8 22.S .0.04 122 370 nta.1980,88 

India 20.4 21.3 0.10 -1.0 290 nla,1980,88 
Bangladcsb. 14.8 20.0 17.l 052 -0.33 49.9 -314.7 170 1970,80,89 , ,, . Sources: United Nati.ons Oener.tl lndustnal Statistics. GNP/capita from World Bank (1994) "World Tables , country tables . 

• Levels are not reliable for Japanese data as operatives are counted only for a subsample of large firms, while employmeot is 
counted for all firms. Differences sb.ould be accurate over tb.e 1981-90 period, duritlg which tb.e definition of large firms remained 
constant ••Rank guessed. 
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Table AJ: Industry Effects in Within-Industry Terms: 1980-90 

Code and Industry Coefficient Coefficient 
t-statistic t-statistic 

3110 Food -.018 -0.652 -.045 -J.034 
3130 Bevcra....., .032 2.070 .028 J.587 
3140 Tobacco .009 2.141 .002 0.193 
3210 Textiles .042 2.827 .038 2.327 
3220 A are! .006 0.379 .002 0.132 
3230 Leather Products .018 l.379 .014 0.845 
3240 Footwear .013 2.065 .009 0.801 
3310 Wood Products .038 1.785 .033 J.795 
3320_ Furniture .018 1.916 .014 J.071 
3410 Pa..- Products .031 2.888 .027 2.388 
3420 Print & Publishim,, .104 2.327 .JOO 2.433 
3510 Ind Chemicals .049 5.243 .044 3.942 
3520 01hr Chemicals .036 2.766 .006 0.156 
3530 Petr Refineries .026 J.470 .022 J.107 
3540 Pctr&Coal -.008 -0.746 -.012 -0.818 
3550 Rubber Prod .0J0 J.381 .006 0.505 
3560 Plastic Prod .001 0.196 -.003 -0.274 
3610 Pon.....,, China .012 2.006 .008 0.680 
3620 Glass Products -.004 -0.896 -.009 -0.703 
3690 Non metal ne.c .034 . 3.863 .029 2.078 
3710 lron&Steel .195 J.J54 .165 1.322 
3720 Non-ferrous metal .008 1.448 -.021 -0.634 
3810 Metal Products .042 2.058 .016 0.413 
3820 Machin.....v, comnuters .173 4.157 .146 3.275 
3830 Electric Machin...-v .160 4.156 .156 4.249 
3840 Trans ;o .002 0.046 -.002 -0.064 
3850 Prof~ional Goods .056 2.399 .052 J.978 
3900 Other Goods ; .018 2.693 .013 J.212 

Countrv Effects No Yes 
Observations 249 249 
RootMSE 0.1209 0.1163 

Notes: Estimating equation is given in Table IV. Coefficients are scaled so that the reported coefficient 
represents the ratio of the industry effect to the cross country average nwithin• component. The root 
mean squared error of the LHS var is .126295. t-statistics are calculated using heteroskedasticity robust 
,standard errors. Countries included are all those included in Table Ill and Luxembourg (6 industries 
observed). 
Source: United Nations General Industtial Statistics Database. 
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Figure Ill: Nonproduction Employment Shares in UK And US Manufacturing, 1970-90 

Sources: Bartelsman and Gray (1994) for US; Machin (1996b) for UK. 
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Figure IV: Within Industry Changes in Nonproduction Employment Share: US and UK 

Notes: 
Each observation is a pair of "within" industry increases in the proportion of nonproduction workers 
between 1980 and 1990, defined as the change in proportion weighted by the industry share in 
manufacturing employment, 
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where i is an industry index and c is a country index. The 28 industries in this classification are listed 
fully in Appendix table A3. 

Source: United Nations General Industrial Statistics Database. 
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Notes: The figure reports relative wage information for 33 countries judged to have reliable information 
over the 1980s (of the 43 listed in Table A2). The change in wage ratio of nonproduction to production 
workers is recorded between 1980 and l 990 where possible. Other endpoints are used when necessary, 
as indicated in Table A2. 
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