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Institutions and Incentives  

The Strange Death of the Productivity Paradox   

By the mid-1990s it appeared that the American economy might forever labor under the 

curse of Robert Solow. Despite enormous and continued investment in information and 

communications technology, American industry stubbornly refused to achieve the 

productivity gains that analysts had expected from such a general purpose technology. 

Although many of the key technological components of the ICT revolution had been 

developed in the early decades of the postwar era (the microprocessor by Intel in the 

1960s, the personal computer in the late 1970s) it took until the late 1990s for Americans 

to finally witness a distinct shift from averages of 1.5% per annum productivity growth to 

over 2.3%1. While the present recession has dampened the hyperbole of the dotcom 

years, a significant number of commentators predict that productivity will maintain its 

new plateau and that, consequently, Solow’s curse has been laid to rest2.  

Yet despite the clear consensus that American productivity did jump substantially in the 

‘Roaring Nineties’3 the exact mechanism by which this success became manifest remains 

somewhat nebulous. It is clear that general purpose technologies (GPTs), like information 

technology, facilitate the accretion of ‘micro-gains’ in efficiency. For example, more 

rapid communication between firms prevents inventory mismatch and misallocation of 

resources, and enables employees to work from more convenient locations. Such 

advantages were also visible in earlier GPTs. Electricity permitted reorganization of the 

workshop floor; the telegraph enabled rapid conveyance of inventory stock and employee 

                                                          

 

1 Lynch, Lisa and Stephen Nickell. 2001. “Rising Productivity and Falling Employment: Can the US 
Employment Experience Be Sustained?” in Krueger, Alan and Robert Solow, The Roaring Nineties: can 
Full Employment Be Sustained? p.544. 
2 Optimistic accounts can be found in DeLong, J. Bradford and Lawrence Summers, “The New Economy: 
Background, Questions, Speculations” in Federal Reserve Bank of Kansas City, Economic Policies for the 
Information Age, (forthcoming), David, Paul and Gavin Wright. 1999. ‘General Purpose Technologies and 
Surges in Productivity: Historical Reflections on the Future of the ICT Revolution’ and 
Crafts, Nicholas. 2001. "The Solow Productivity Paradox in Historical Perspective." 
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tasks. Yet productivity gains such as these derive from reducing waste (in stock or time) 

rather than necessarily from increases in productive capacity or from the speed of the 

innovation cycle. Long-term acceleration of productivity requires more than just snipping 

away at slack around the edges of the production process. It necessitates fundamental 

reorganization of production and different factor mixes. According to Claudia Goldin and 

Lawrence Katz, as general purpose technologies force such a reshaping of production, the 

returns to skilled labor (i.e., human capital) demonstrate a secular increase. It is this 

replacement of unskilled labor, crude technology and obsolescent fixed capital by human 

capital and new technology in the production process that catalyzes productivity growth. 

Goldin and Katz label this phenomenon ‘technology-skill complementarity’4.   

This paper seeks to explain the necessary conditions for such ‘technological-skill 

complementarity’ to occur for a given GPT and thereby spark long-term productivity 

gains. I argue that most analysis of the end of the American productivity paradox in 

the1990s has taken place at the level of mid-range theory. Caught up in the most 

immediate and conspicuous displays of productivity improvement at the firm and sector 

level, academics have largely ignored both the shift in composition of factor inputs at the 

micro-level and the institutional preconditions for productivity improvement at the 

macro-level. This paper seeks to remedy this imbalance by providing a coherent 

analytical thread linking developments in the broader political economy down through 

sectoral trends to the production function itself. Much existing work remains overly 

blinkered, indeed contradictory, positing different explanatory variables for each level of 

analysis. While I concede the impossibility of discovering a necessary and sufficient 

independent variable that magically engendered the productivity boom, I nonetheless 

believe a less limited analysis is critical if we are to truly comprehend the ‘miracle’ of the 

1990s and avoid the mistake of focusing on symptoms not causes. In the spirit of Richard 

Dawkins’ The Blind Watchmaker5, I adhere to a ‘hierarchical reductionism’ in my 

analysis. There were many different ‘motors’ driving the production boom and no ‘force 

                                                                                                                                                                            

 

3 Krueger, Alan and Robert Solow, The Roaring Nineties: can Full Employment Be Sustained?, 2001. 
4 Goldin, Claudia and Lawrence Katz. 1998. "The Origins of Technological-Skill Complementarity." 
Quarterly Journal of Economics (1998). 
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informatique’. Nonetheless the overemphasis on macroeconomic stability combined with 

firm reorganization and efficiency gains blinds us to other key forces.  

This essay concentrates on the institutional incentive to invest in human capital as a key 

motor driving the productivity boom. I show how technology-skill complementarities can 

only be unleashed if employees are willing to invest in training themselves in specific 

knowledge. However, this investment is risk-prone since specific knowledge is, by 

definition, utilizable only within the sub-sector or indeed firm. Since most GPT ventures 

are high-risk because of their novelty and the uncertainty of market demand, the chance 

of firm failure or down-sizing is very real during the rollout of a new general purpose 

technology. Moreover, the potential for innovatory high-risk ventures to even exist is 

predicated on the pre-existing industrial structure of the relevant sector. Oligopolies have 

an incentive not to allow GPT innovation to threaten their rents. Thus broad shifts in 

institutional structure are necessary conditions for the existence of innovatory firms and 

the incentive to invest in the human capital that will provide their key factor input. Put 

simply, to achieve technology-skill complementarity one must assure both the existence 

of innovative technology and the incentive to acquire skills. This paper stresses the 

importance of institutional transformation in achieving these goals: macro-changes are 

necessary conditions for productivity enhancing micro-mechanisms.  

The structure of this paper moves from noting the deficiencies of existing theories before 

tying together micro- and macro-level explanations of how incentives to invest in human 

capital drove productivity gains. In the first section I outline these mainstream theories: 

firm level, sectoral and monetary/fiscal. I note that these theories tend to be piecemeal 

and fail to identify broad analytical threads that might unite the relevant variables and 

conditions. In order to resolve these lacunae the second section begins by examining the 

micro-mechanism of productivity growth – how human capital and technology combine 

complementarily in the production function. In order to explore this issue I ask how this 

combination might be measurable and offer some descriptive statistics. I then examine 

                                                                                                                                                                            

 

5 Dawkins, Richard, The Blind Watchmaker. I borrow this application to economic history from Paul 
Romer’s ‘Why Indeed in America’, American Economic Review May, 1996. 
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how innovation in technology and investment in human capital are incentivized. The 

third section of the paper asserts that innovation and investment can only be achieved via 

institutional change. I examine four key institutions (regulation in telecommunications, 

finance, labor and equity) and their transformation across the past two decades, firstly by 

tracing historical case studies and latterly by constructing a formal model demonstrating 

the underlying micro-mechanism.  Finally, I conclude by asking whether my analysis 

constitutes a convincing explanation of the end of the productivity paradox and what it 

illuminates or neglects. I finish by postulating some future applications of this analysis on 

human capital investment to other GPTs and historical periods.  

Existing Theories – Insights and Blind Spots  

The stunning Internet boom of the late 1990s has created a cottage industry of analyses 

attempting to explain the exact mechanism by which productivity was galvanized. As 

noted above, whilst this research program has been extremely productive, theories are 

often piecemeal and it has proven exiguous to connect theorizing at the firm level to 

broader trends. There is no apparent reason why such theories explaining the effect of 

GPTs might not be compatible: the economy is, after all, subject to more than one critical 

variable. However, because of the exclusivity of different research paths, reassembling 

studies into a broader theoretical framework produces an often dissonant collage of 

arguments. In order to make clear the analytical separateness of different research I 

structure this literature review around three well-trodden paths of analysis (firm-level 

innovation, sectoral diffusion of GPTs, and macroeconomic conditions) before turning to 

a more recent, and somewhat under-theorized, program from political science that 

attempts to outline institutional forces. Since this latter research provides a starting-point 

for this paper I shall analyze its progress, its suggestions, and how my work connects 

with contemporary theories.    

All actual innovation within the private sector must, by definition, take place at the level 

of the firm. Moreover the productivity statistics economists wish to connect to innovation 

must derive, at least in part, from the aggregated efficiency gains achieved at the firm 
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level. Thus, the analysis of case studies detailing how individual firms have improved 

business organization, information sharing and output volume thanks to the IT 

‘revolution’ has been a key step in outlining the mechanisms by which this latest GPT 

has made its presence felt in galvanizing productivity. Erik Brynjolfsson and his 

collaborators have undertaken a number of detailed studies of how firms took advantage 

of these potential efficiency gains to restructure their businesses. In Brynjolfsson, 

Renshaw and Van Alystyne’s study of ‘MacroMed’ they detailed how this medical 

products manufacturer was able to reduce inventories, create more flexible management 

and customize products once IT innovation had been combined with organizational 

change6. Martin Kenney and James Curry have examined Dell’s manipulation of the 

personal computer value chain thanks to the advances in communications speed ushered 

in by the Internet (a classic example of the symbiosis between different sub-products 

utilizing a GPT). By adopting an Internet business model far in advance of its 

competitors Dell was able to shave fifteen percent of ordering costs off the price of 

purchasing PCs and was able to save $21 million per annum by avoiding order-status 

calls7. Clearly such efficiency gains produced very real spurts in profitability and because 

of the consequent reduction of now-superfluous workers, a jump in productivity per man-

hour.  

However, efficiency gains from reducing ‘waste’ are not the total sum of productivity. 

While inventories can be judged more effectively and unnecessary employees can be 

removed, these once-and-for-all cuts in the cost of a given output were accompanied by 

more permanent improvements in production speed, worker skill and organizational 

structure. None of these achievements are as cheap as clipping away inefficiencies, and 

they tend to require substantial investment in employee training and human capital 

formation. Brynjolfsson and Hitt acknowledge this necessity and referring back to the 

MacroMed study, note that cost-cutting efficiency gains could only be realized by hiring 

                                                          

 

6 Brynjolfsson, E, A Renshaw and M Van Alstyne. 1997 ‘The Matrix of Change’ Sloan Management 
Review, Winter. 
7 Kenney, Martin and James Curry. 2001. ‘The Internet and the Personal Computer Value Chain’, in BRIE-
IGCC, Tracking a Transformation. 
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a new workforce in a green-field site and re-organizing from scratch8. Such broad 

strategies are more dependent on factors lying outside the firm than the cost-cutting 

tactic: hirable human capital, labor market deregulation and, assuming that not every 

‘MacroMed’ is willing to start afresh, the necessary financial institutions to provide 

venture capital to new firms wishing to organize in this more effective manner. Ignoring 

the institutional preconditions for successful investment blinds us to the impinging forces 

lying outside the firm.   

There is also an unfortunate ‘business-school syndrome’ at work in many of these firm-

level analyses, in that they fail to explain more broadly why such opportunities were not 

seized in the 1970s and 1980s. One would assume that if such efficiency gains were 

realizable purely because of the existence of IT, profit-maximizing firms would have 

seized the competitive advantage earlier and productivity would no longer have remained 

dormant. By ignoring the facilitating institutional change these firm level approaches 

falsely assume companies operate within a vacuum that provides no constraints on 

potential GPT-using strategies.   

Sectoral-level analyses of the productivity boom tend to be far more aware of broader 

dynamics affecting companies and the constraints on development. Bresnahan and 

Trajtenberg’s 1995 article provides the analytical starting point for theorizing how 

General Purpose Technologies diffuse throughout relevant sectors9. The authors note that 

the literature on endogenous growth theory, especially that of Paul Romer10, fails to 

provide an adequate mechanism for evaluating how technological change affects specific 

sectors. Although Romer recognizes the significance of technology like ICT that with 

moderate fixed costs can produce increasing returns, his models portray technology as 

                                                          

 

8 Brynjolffson, E and L. M. Hitt. 2000. "Beyond Computation: Information Technology, Organizational 
Transformation and Business Performance." Journal of Economic Perspectives 14. 
9 Bresnahan, Timothy and M. Trajtenberg. 1995. "General Purpose Technologies: 'Engines of Growth?'" 
Journal of Econometrics 65 (1995) 
10 Romer, Paul. 1990. "Endogenous technological change." Journal of Political Economy 98 (1990):71-
102. 
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‘all-pervasive’11 and fail to trace the specific, sectorally-bound mechanisms by which 

technological improvements increase aggregate growth rates.   

Bresnahan and Trajtenberg present a mid-range analysis analyzing incentives to innovate 

in the GPT and application sectors. They note that as the ‘quality’ of GPT technology 

improves, the technological performance of applications is raised and this will “cause an 

expansion of the set of AS’s [application sector firms] by making it profitable for 

extramarginal sectors to adopt the GPT”12. By demonstrating the diffusion incentives 

explicitly, Bresnahan and Trajtenberg provide a convincing and essential model of GPT 

adoption. However, they largely ignore how technology interacts with other factors of 

production, concentrating only on ‘levels of technology’ and relative prices – leading to 

the somewhat self-evident conclusion that with fixed prices application producing firms 

will wish to use better GPT technology. The paper also notes that without non-market 

intervention suboptimal amounts of investment will occur but leaves the necessary 

institutional preconditions as a suggestion in conclusion rather than following through on 

this logic. Nonetheless, Bresnahan and Trajtenberg’s recognition of the importance of 

institutional structure provides an important reminder of political forces, which shall be 

followed up throughout this paper.   

Since the publication of Bresnahan and Trajtenberg’s formulation of GPT diffusion a 

number of growth accounting exercises have attempted to disaggregate productivity 

growth in the 1990s in order to specify separable influences in the production function. 

Nicholas Crafts has undertaken the most nuanced analysis of the impacts of ICT on 

growth and divides the influence into three factors: ICT capital deepening, reductions in 

the real cost of producing capital goods, and TFP spillovers13. By applying this growth 

accounting model, developed partly by Schreyer14, to previous GPTs like electricity and 

steam, as well as to ICT, Crafts notes that the impact of ICT on productivity has been 

                                                          

 

11 Bresnahan, Timothy and M. Trajtenberg. 1995. "General Purpose Technologies: 'Engines of Growth?'" 
Journal of Econometrics 65 (1995) p. 85. 
12Ibid. p. 90. 
13 Crafts, Nicholas. 2001. "The Solow Productivity Paradox in Historical Perspective." Manuscript (2001), 
p. 5. 
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grossly underestimated. DeLong and Summers present an optimistic interpretation of this 

result: that despite the current ‘recession’ productivity gains remain impervious to 

broader economic woe15. Because ICT is an industry for which income elasticity of 

demand is high and diffusion widespread, as ICT is used throughout the ‘old economy’ 

we can expect national productivity to keep up with innovation in the leading sector after 

an initial lag. Crafts himself showed a similar phenomenon occurred during the industrial 

revolution as productivity growth in the aggregate lagged the leading sectors by 

decades16. However, Crafts’ recent work does note that TFP spillovers outside of the 

GPT sector appear negligible, a finding echoed earlier by Stiroh17. The question remains 

unanswered as to whether ICT is a truly transformative technology creating new ‘tools 

for thought’18 or an extraordinary innovation that nonetheless fails to dominate 

expenditure and production such as the creation of artificial illumination as outlined by 

Nordhaus19.   

This skepticism of productivity ‘osmosis’ has been most volubly asserted by Robert 

Gordon, who notes that ‘this spillover from intermediate to final goods industries is just 

what cannot be found in the official data on output and productivity growth’20. Gordon’s 

dissent from the New Economy hyperbole is, to an extent, refreshing. And yet his 

explanations of why productivity gains have not occurred outside of the ICT sector itself 

remain somewhat unsatisfying. He notes that the Internet and ICT lead to recreation of 

                                                                                                                                                                            

 

14 Schreyer, Paul. 2000. "The Contribution of Information and Communication Technology to Output 
Growth: A Study of the G7 Countries." OECD STI Working Papers 2 
15 DeLong, J. Bradford and Lawrence Summers, “The New Economy: Background, Questions, 
Speculations” in Federal Reserve Bank of Kansas City, Economic Policies for the Information Age, 
(forthcoming). 
16 Crafts, Nicholas. 1985. British Growth During the Industrial Revolution. 
17 Stiroh, Kevin. 1998. "Computers, Productivity and Input Substitution." Economic Inquiry 36 
18 Cohen, Stephen, J. Bradford DeLong, Steven Weber and John Zysman. 2001. ‘Tools: The Drivers of E-
Commerce’, in BRIE-IGCC, Tracking a Transformation: E-Commerce and the Terms of Competition in 
Industries. 
19 Nordhaus, William. 1997. ‘Do Real Output and Real Wage Measurements Capture Reality? The History 
of Lighting Suggests Not.’, in Bresnahan, Timothy and Robert Gordon, The Economics of New Goods.  
20 Gordon, R. 2000. "Does the 'New Economy' Measure Up to the Great Innovations of the Past?" Journal 
of Economic Perspectives 14. Gordon’s statistics seem to be in contradiction with those of Stephen Olinor 
and Daniel Sichel, from the same issue of JEP, who suggest a speed-up of 0.35 in TFP in non-ICT sectors. 
As Alan Blinder and Janet Yellen suggest, this gap can be explained the latter’s omission of a cyclical 
adjustment. See Blinder, Alan and Janet Yellen. 2001. ‘The Fabulous Decade: Macroeconomic Lessons 
from the 1990s’. In The Roaring Nineties: Can Full Employment Be Sustained? Ed. Krueger, Alan and 
Robert Solow. 
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old activities, duplicative activity, market-share redistribution and on-the-job 

consumption21. Indeed, these may be important brakes on productivity growth. However, 

we can only make this assertion in the assumption that all firms have used ICT to the 

most complete extent feasible. Gordon lists productivity failings of the use of ICT itself, 

ignoring that the absence of gains might derive from the failure to employ any significant 

level of ICT amongst many firms. And the explanation for this could well be driven by 

institutional constraints on computerizing the service industries or the public sector, 

amongst over examples. The question then, is whether spillovers are even feasible yet, 

rather than whether, once ICT is applied, they occur.   

What conclusions can we emerge at from an analysis of the literature on sectoral 

diffusion and on growth accounting? It seems that at times these studies have assumed 

diffusion and then attempted to explain its failure to galvanize productivity, rather than 

questioning how much diffusion has actually occurred and what might be constraining 

this roll-out. Bresnahan and Trajtenberg provide the clearest answer with their assertion 

that institutional interference with the market might be necessary to ensure adequate roll-

out but this is not a suggestion that has been adequately seized upon. At the national level 

analyses have, instead, centered on monetary or fiscal conditions rather than changes in 

the American political economy. Explanations, thus, focus on beneficial conditions rather 

than the removal of impediments. The French economist Pierre-Alain Muet, for example, 

attributed American growth to the quality of macroeconomic policy, which combined a 

return to a balanced budget and fortuitously prophetic monetary policy from the Fed. 

These conditions led to innovatory dynamism because of the beneficial expectations 

businesses had thanks to a stable macroeconomy, thus leading to greater investment in 

risky projects22. Certainly there must be an element of truth to this assertion, after all its 

reverse, a period of high inflation and labor unrest would certainly work against long-

term risk-acceptant investment. However, given similar conditions in the mid-1980s why 

did American not see a comparable productivity boom at this time? 

                                                          

 

21 Ibid, p.69. 
22 Muet, Pierre-Alain. 1997. ‘Defecit de croissance et chomage: le cout de la non cooperation’, quoted in 
Boyer, Robert. 2000. ‘The Diversity of Institutions Governing the New Economy’. Paper presented for the 
session Labor Market and Human Resources, SASE 2001 Meeting, University of Amsterdam. 
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Moreover, the causal chain could be reversed. As Alan Blinder and Janet Yellen note, 

supply shocks from an ICT productivity burst (of unspecified cause) can themselves lead 

to a stable macroeconomy. They might reduce the short-run NAIRU, as Alan Greenspan 

believed, or instead might ‘confuse’ workers who fail to recognize the productivity boom 

and thus fail to raise their wage demands23. Whichever hypothesis is seized, it seems 

clear that supply-side shocks could have beneficial macroeconomic consequences. 

However, this line of argument still fails to explain where such shocks might emerge 

from, leaving us marooned at the beginning of our question once more.  

Are institutions the missing link? This was the suggestion hinted at by Bresnahan and 

Trajtenberg and some recent work has begun to move in this direction. However, the 

existing literature is somewhat speculative, methodologically ambiguous and hardly a 

coherent research program. Robert Boyer, the regulation school economist has presented 

a somewhat unwieldy, if stimulating, attempt to demonstrate a number of differing 

trajectories toward productivity growth: Gershenkronian catch-up, rates of investment 

and ICT diffusion. Unfortunately, despite this interesting typology Boyer adopts a 

frustrating Boolean methodology to explain effects, which culminates in assigning binary 

values to countries depending on whether they have or do not have certain institutions. 

Casper and Glimstedt have adopted a less extreme analysis of institutional 

complementarities by noting how sectors requiring general or specific human capital 

might require differing institutional backdrops in order to successfully align incentives – 

a theoretical device I employ in my own analysis24. Unfortunately, Casper and 

Glimstedt’s analysis is tailored toward Germany and Sweden and thus its depictions of 

institutional complementarities are not especially helpful in interpreting the American 

boom.   

                                                          

 

23 Blinder, Alan and Janet Yellen. 2001. ‘The Fabulous Decade: Macroeconomic Lessons from the 1990s’. 
In The Roaring Nineties: Can Full Employment Be Sustained? Ed. Krueger, Alan and Robert Solow., p. 
135. 
24 Casper, Stephen and Henrik Glimstedt. 2001. "Economic Organization, Innovation Systems and the 
Internet." Oxford Review of Economic Policy 17. 
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Paul David‘s work appears to be the most relevant institutional analysis when attempting 

to decipher the end of the American productivity paradox25. After all, David’s ‘The 

Dynamo and the Computer’ explicitly analogizes the hesitant productivity spurt from 

electrification to that occurring in the early 1990s. David noted that it took institutional 

change in electricity regulation (removal of price controls, in particular) before the gains 

from electricity could be realized, some four decades after the first power station opened. 

David’s recent article in the Oxford Review of Economic Policy makes similar assertions 

surrounding the importance of policy and institutional structure in developing the Internet 

and in the future of high-speed data transfer. However, David’s work remains frustrating 

to pin down. Is there any explicit mechanism, other than a facile recognition that history 

matters? Too often David is happy to insert the theoretical shortcut of ‘increasing returns’ 

without close tracing of the causal pathway from change in the political economy to 

change in the production function and vice versa. While David’s insights are stimulating 

they do not provide an adequate formalization of how productivity gains are made 

manifest. This paper now attempts to draw much clearer lines from institutional change to 

transformation of production by concentrating on the key variable of incentives to invest 

in human capital. But before the institutional argument can be fully developed it is 

appropriate to demonstrate why human capital matters in the development of 

revolutionary technologies.    

                                                          

 

25 David, Paul and Gavin Wright. 1999. General Purpose Technologies and Surges in Productivity: 
Historical Reflections on the Future of the ICT Revolution. International Symposium on the Economic 
Challenges of the 21st Century in Historical Perspective. Also David, Paul. 1991. Computer and Dynamo: 
The Modern Productivity Paradox in a Not-Too-Distant Mirror' and David, Paul. 2001. "The Evolving, 
Accidental Information Super-Highway." Oxford Review of Economic Policy 17 (2001).   
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Catalysis at the Micro-level – Technology Skill Complementarity and GPTs  

Since the aim of this paper is to argue that institutional change is necessary to incentivize 

the investment in human capital necessary for productivity take-off, before broaching the 

core argument we should first make clear exactly why human capital is so important. As 

an input into the production process human capital is an important factor on its own. 

However, a considerable amount of research, examining the United States since the turn 

of the century, has shown that when combined with certain technologies human capital 

creates powerful complementarities. In other words, unskilled labor and fixed capital are 

not perfect substitutes for human capital under certain technologies. The recognition that 

educated labor might interact beneficially with other factors dates from Griliches’ 1969 

formulation of ‘capital-skill complementarity’26 but has been increasingly slanted 

towards interaction with technology in the production process.   

Claudia Goldin and Lawrence Katz’s work provides the key demonstration of this logic27. 

Goldin and Katz examine the returns to unskilled and skilled labor throughout the first 

half of the twentieth century and postulate that the latter became more valuable as 

technological progress pushed manufacture production from factories and assembly-lines 

to continuous and batch production and later robotized assembly-lines. Different 

production processes appear to favor different combinations of fixed capital, skilled labor 

(or human capital) and unskilled labor. As general purpose technologies diffuse 

throughout the economy there appears to be a secular trend towards production processes 

favoring human capital. For example, electricity facilitated the move to continuous 

production and robotics that require less unskilled labor but more highly skilled labor to 

maintain, operate and reprogram machines. These later production processes proved to 

have far higher rates of productivity than their predecessors. Moreover, human capital is 

not only a factor input but also a mechanism for creating new ‘ideas’28: more efficient 

production processes emerge from the employment of human capital. Thus ‘technological 

                                                          

 

26 Griliches, Zvi. 1969. ‘Capital-Skill Complementarity’, Review of Economics and Statistics, 51, 4.  
27 Goldin, Claudia and Lawrence Katz. 1998. "The Origins of Technological-Skill Complementarity." 
Quarterly Journal of Economics (1998). 
28 Romer, Paul, "Endogenous technological change." Journal of Political Economy 98 (1990):71-102 
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skill complementarity’ is both symptom and cause of productivity bursts: it is a necessary 

ingredient for present-day processes but also the inventor of future processes.   

How can we measure technological skill complementarity? The typically used 

methodology is to compare skilled and unskilled wage rates. This is usually 

operationalized through assessing the returns to a given level of education, following 

Goldin and Katz’s original work. The ‘race’ between education and technology alluded to 

by the aforesaid authors provides the key motif in understanding how GPTs tend to widen 

inequality in wage rates by increasing the returns to skilled labor and substituting for 

unskilled labor. While some authors claim that supply-side shocks tend to cancel one 

another out and, thus, that the sudden emergence of a GPT may not be the sole arbiter of 

consequent inequality, most economists concede that information technology is not a 

mere ‘trend break’ but a long-term influence on the wage gap29. A number of other forces 

could conceivable be working on wage inequality, particularly international factor 

equalization under globalization as emphasized by Scheve and Slaughter and by 

Acemoglu30. However, these results often appear contradictory and fail to explain the 

worldwide increase in returns to skill31.  

The logic of technological skill complementarity appears particularly appropriate in the 

computer age, and indeed a number of recent papers have sought this connection. David 

Autor, Lawrence Katz and Alan Krueger have noted that the relative demand for college 

graduates has increased greatly since 1970 and this can be explained ‘entirely’ by within-

industry changes in skill-utilization rather than between-industry shifts. These growth 

rates are largest in those industries with the largest increase in computer usage, leading to 

the authors to postulate that the spread of ICT might account for nearly half of the growth 

                                                          

 

29 Murphy, Kevin, Craig Riddell and Paul Romer. 1998. ‘Wages and technology in the United States and 
Canada’, in Helpman, Elhanan (ed.) General Purpose Technologies and Growth. 
30 Scheve, Kenneth and Matthew Slaughter. 2002.  “Economic Insecurity and the Globalization of 
Production”. Acemoglu, Daron. 1999. “Pattterns of Skill Premia in the Twentieth Century”, NBER Working 
Paper. 
31 Murphy, Kevin, Craig Riddell and Paul Romer. 1998. ‘Wages and technology in the United States and 
Canada’, in Helpman, Elhanan (ed.) General Purpose Technologies and Growth. p. 289. 




