The Skill-Biased Technical Change Hypothesis 

and Alternative Explanations for Income Dispersion

The wage trend in the United States is, and has been for decades, for the rich to get richer and the poor to get poorer. Close inspection the income trend reveals a massive increase in income for the richest, modest gains for the middle-income, and paltry gains for the poor. According to the Current Population Surveys of March 2002, between 1961 and 2002 the 90th percentile of men (top ten percent of earners) saw their incomes increase by over 100% while the 50th percentile saw gains of just over 40% and the 10th percentile saw gains of a meager 20%.
 Women saw a slightly less extreme, but still significant, widening of gains in income during this period. Women in the 90th, 50th, and 10th percentile experienced income gains of over 80%, around 60%, and around 50%, respectively.

The issue of a widening distribution of income gains continues to provoke much debate. Pundits and professionals argue the issue from sociological, political and economic fronts. Socially, the well-documented transition from a goods economy to a service economy has been a consequence of the dispersion. Much discussion specifically focuses on the dramatically decreased manufacturing sector jobs and the lack of real wage gains for blue collar workers. Politically, an ideological rivalry is at the heart of the debate regarding different policy responses to the income trend.  Conservative politicians for the most part appear content to allow the market changes to occur. Interference would be wrong-headed and counter-productive: business and labor markets must solve these issues over time on their own. Liberals are discontent with the continual economics stratification that is occurring. Liberals say government can and should work to curb this trend with measures designed to bolster job opportunities for the lower and middle classes and to aim for more equitably distributed wealth.

 Economically speaking, the phenomenon has drawn much speculation regarding its causes, regardless of the political leanings of particular economists. Simply put, there is an increasing premia for skilled labor versus unskilled labor. A quick look into basic labor market theory provides two explanations: either (i) the demand for skilled labor it increasing, or (ii) the supply of it is decreasing. Basic labor market theory posits that the labor market operates on standard supply and demand properties. According to the model an increased supply of a particular caliber of labor will, other things equal, lower the real wage. Conversely, a shortage in supply should raise wages. Given the huge gains in the upper end of the income spectrum, in theory, we should see evidence of a large increase in demand for skilled labor and/or a shortage of supply. However, a peculiar trend was discovered. Socio-demographic data shows an ever-increasing number of qualified college graduates in accordance with the rising wage premia.
 This appears in stark contrast with the predictions of labor market theory. The obvious consideration was an exogenous shock to the demand for skilled labor that outweighed the concurrently increasing supply. While this may be due to increased globalization, this causal factor alone is inadequate to explain the entirety of the increasing disparity.
 

This confusion led to the development of the skill-biased technical change (SBTC) hypothesis that seeks to explain the complementary nature of the simultaneous supply and wage increase. The hypothesis provides a situation through which an increase in skilled labor can induce a subsequent wage gain. If an increased skilled labor supply can creates an incentive for inventors to create skill complementary technology then those innovations would increase the productivity of the skilled workers. This in turn would increase their earnings.

This paper evaluates the merits of the skilled-biased technical change (SBTC) hypothesis in explaining the income dispersion witnessed over the last four decades. The plan of the paper is as follows. Section II examines the foundations of the hypothesis. Other potential causal factors are also discussed as being supplementary to the SBTC hypothesis. Section III provides empirical findings to evaluate the validity of the hypothesis and also to identify inadequacies of the explanation. This section also includes supplementary explanations to provide a more full understanding of the income dispersion. Section IV concludes.

Section II – Skill-biased Technical Change & Supplemental Theories


The SBTC hypothesis is one of, if not the, leading hypothesis explaining the increasing wage disparity between skilled and unskilled labor. It evolved to explore the peculiar phenomenon of an increasing supply of skilled labor along side with an increasing wage for the labor. The core of the SBTC hypothesis posits that modern technological innovations complement high-skilled labor, rather than acting as worker replacement. Technology always increases the productivity of labor, but because of the unique complementing nature of many modern technologies it does not replace jobs. This increase in productivity leads inevitably to the wage increase. Through this wage mechanism high-skilled workers are offered increasing wage premiums for their work.


This model rests heavily upon the assumption that technology is skill complementing. Historically, it is easy to recall innovations that replaced work rather than merely improving the efficiency of workers. Memorable examples are the spinning-jenny and printing press. This begs the question: Why has technology become skill complementing? 

One reason to believe that technologies are skill complementing is that the large supply of skilled labor provides profit incentive to create technologies that can be utilized by the supply. In a 1998 paper, Daron Acemoglu proposes this idea. If technology is at least partially endogenous, then a shift in the supply of skilled labor will iterate what type of technology is produced.
 His model also assumes that technologies are nonrival. This means that once invented the technology can be used by anyone who wishes to invest in the advancement. If there is a large supply of skilled labor then innovators stand to earn higher profits if they develop technology that can be used by this large supply. Evaluating the consequences of technology now has two competing forces: (i) the traditional substitution effect of technology which tends to replace workers  much like the spinning-jenny and (ii) as termed by Acemoglu, a “directed technology effect” which responds to labor supply size.
 Acemoglu provides a graphical representation of his model that equates skilled labor with level of education:
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The model assumes a long-term upward sloping demand curve for skilled labor and a downward sloping curve in the short-term. This short-term curve, all else equal, implies that in the short-term an increased supply of skilled labor will decrease the college premia. This component of the model reflects the substitution effect. However, we now consider the directed technology effect. It is important to realize that the long-run demand for skilled labor is based on the expected increase in the productivity of workers. This is due partially to technology. The directed technology effect comes into play by treating technology as an endogenous variable – flexible in the short-term. This allows skill complementary technology to respond to changes in labor supply. Given the exogenous shift towards skilled labor since 1960 this model predicts a technological response that increases the college wage premia in the short-term.


We now have all the components needed from the SBTC hypothesis to evaluate the trend towards income dispersion in the United States. We possess an intuitive explanation for the occurrence as well as an economic model to provide graphical representation. Although this hypothesis proves crucial in explaining the income dispersion trend in the United States, it cannot account for the trend by itself. 

An additional consideration is that of labor market composition change. Economists almost unanimously accept this concept. Labor composition marks the percentages of workers employed in a particular type of work. The different types of work can be categorized in many ways, a typical example being goods versus service sector jobs. For income purposes statistics normally categorize groups into professional, white collar, and blue collar work. On average, professional work requires the most skilled labor and receives the highest wages, followed by white collar and then blue collar. A labor market composition change would thereby alter the wages earned by any single category.

Section III – Income Dispersion Data in the United States


The Current Population Surveys (CPS), a joint effort by the Bureau of the Census and the Bureau of Labor Statistics, collected the following data in March of 2002. The CPS collects data from 50,000 American households every month and includes a comprehensive compilation of labor market indicators. For the purposes of reviewing evidence relating to the SBTC hypothesis we look at the data regarding (i) earnings in relation to education level, (ii) employment composition in relation to education level, (iii) earnings in relation to occupation, and (iv) employment in relation to occupational composition. The CPS divides the data by gender. Lumping the data together would endanger evaluation by concealing key occupational composition trends.


The impressive gains in earnings made by college educated workers is what led initially to the assumption that their work was becoming increasingly more productive – the indicator that leads to the SBTC hypothesis. The statistics below present clearly the income dispersion that occurred since the mid 1970s for men and began around 1980 for women.

[image: image2.wmf][image: image3.wmf][image: image4.wmf]The graphs are divided into five categories of education. The highest level is postgraduate (PG) and then moves towards less education, college graduate (CG), some college (SC), high school graduate (HSG), and finally high school dropout (HSD). Beginning with the graph reflecting men’s earnings, we see the incredible real wage growth of over 120% between 1963 and 2002 for persons with postgraduate degrees. Examining other education levels we the see a continual fall of rate of wage growth. Looking at HSDs we even see that around 1993 real wages had actually fallen below the 1963 levels. By 2002, they had made almost non-existent gains. Now looking at the women’s earnings graph we find a similar, but less extreme trend. Postgraduates made real wage gains of almost 100% since 1963, and all other groups made increasingly smaller wage gains. 


These statistics reflect a number of trends in the labor market. In reference to the SBTC hypothesis this evidence lends itself almost perfectly. The data above shows that not only did the more educated receive higher wages but that they also earned the highest rate of income growth over the period. This implies that the more educated not only remained the most productive, but became increasingly more productive in relation to their less educated counterparts. This is exactly what the SBTC hypothesis predicts.


The next two graphs show the relative labor composition based upon education levels. It reveals the crucial fact that employment increased for the well educated.  This refutes the possibility that wages grew for the well educated because of a fall in the supply of skilled labor. Below is the labor market composition figures based upon education for men and women between 1964 and 2002.
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Beginning with the men’s employment composition we find that the three most educated groups increased in percentage of total employment composition. The fourth most educated, high school graduates, remained almost constant across the four decades. The percentage gains seen by the more educated groups resulted from the extreme fall in high school dropout workers. The women’s graph reflects similar trends. The difference is the additional fall in the employment composition of women with only high school diplomas. Remembering the evidence from the graphs reflecting the educational earnings trends we confirm that both the supply of skilled labor and the wages earned by skilled workers increased. 


While the SBTC hypothesis bases its notion of a skilled worker on education level, it is also appropriate to consider occupation as a determinant of skill. Statistics showing employment occupation by composition turns up two important critiques of the SBTC hypothesis; one is a revision and the other is a supplemental casual factor. The first critique questions the assumption that skilled labor is defined by education level and the second critique asserts that a change in the labor composition of occupation played a role in the wage dispersion. The first set of graphs represent the earnings trends in relation to occupation.
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Comparing these graphs with the educational wage increases seen above we find almost identical trends. This points out that skill, as considered by the SBTC hypothesis, need not be based solely on education as the causal factor. It may be that occupation is what leads individuals to be productive. Nonetheless this does not violate the validity of the hypothesis, only revises the educationally prejudiced skill assumption.


The second critique discussed regarding the SBTC hypothesis emerges from the large growth of female professionals in the work force. The two graphs below track the percentages of men and women being employed in three types of jobs: professional, white collar and blue collar.
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These graphs reveal a soft trend towards fewer blue collar and white collar jobs and an increase in professional work. Looking at the graph of women’s occupation we see significant increase of professional women. This trend is a labor composition change. The market is reallocating labor to the areas where it can be most efficiently used. Through this conduit, earnings trends reflect a change from less productive to more productive work. This discovery acts to supplement the SBTC hypothesis because the mechanism for the earnings dispersion reflects a reallocation of labor power in the United States economy.


A final factor that receives much attention and plays a part in the earnings dispersion is globalization. Regardless of social and political implications, globalization acts to reinforce the trends towards more productive work seen in the United States over the last four decades. In simple economic terms, globalization is the integration of global markets. With respect to the earnings dispersion globalization acts to further increase the productivity of already productive labor. This occurs because a highly productive good or service demanded in the United States will only become more demanded as global markets integrate. Therefore technology that further increases the marginal revenue of labor becomes additionally profitable.

Section IV – Conclusions 


Through intuition, modeling, and empirical evidence this paper provides an explanation for the earnings dispersion experienced in the United States from the early 1960s to after the turn of the century. Evidence supports the hypothesis that recent technological innovations tend to be skill complementing rather than skill replacing. The result is the ever-increasing productivity of the most skilled workers. However, the SBTC hypothesis cannot explain the dispersion by itself. Instead, it is supplemented by shifts in the occupational labor market composition, especially amongst women. A final factor that reinforces the dispersion is the increasing integration of global markets.


The implications of the hypothesis provide normative material for debate. If no exogenous factors arise to combat the tendency for wages to disperse there is no reason to believe that equalization will occur. This leaves the wealthy as the only party benefiting from the ever-increasing economic pie. And while exogenous shifts are inevitable, the more important consideration is the extent to which earnings will disperse before the shift occurs and if American society is willing to accept the consequences – whether good, bad, or both. This consideration is a question for not only economist, but for sociologists, politicians, and indeed anybody who cares to weigh in on the merit of income distribution.

� Current Population Surveys, Mar2002.


� Current Population Surveys, Mar2002.


� Acemoglu, 2003. Review of Economic Studies. pg. 200.


� Bound and Johnson, June1992. American Economic Review, pg. 371.


� Acemoglu, Nov98. Quarterly Journal of Economics, pg. 1056.


� Acemoglu, Nov98. Quarterly Journal of Economics, pg. 1057.


� Acemoglu, Nov98. Quarterly Journal of Economics, pg. 1057.


� Zvi Eckstein and Éva Nahypál, Dec2004. Federal Reserve Bank of Minneapolis Quarterly Review. pg. 17. based upon the Current Population Surveys, Mar2002.


� Zvi Eckstein and Éva Nahypál, Dec2004. Federal Reserve Bank of Minneapolis Quarterly Review. pg. 18. based upon the Current Population Surveys, Mar2002.


� Zvi Eckstein and Éva Nahypál, Dec2004. Federal Reserve Bank of Minneapolis Quarterly Review. pg. 20. based upon the Current Population Surveys, Mar2002.





� Zvi Eckstein and Éva Nahypál, Dec2004. Federal Reserve Bank of Minneapolis Quarterly Review. pg. 19. based upon the Current Population Surveys, Mar2002.








PAGE  
2

