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Abstract 

 

Positive relationship between labor productivity and worker compensation has been puzzled 

by economists for a long time. On the one hand, some senior economists reckon that 

compensation stagnates or does not rise properly while productivity grows swiftly in many 

industries of the U.S. This may be due to the fall in bargaining power of workers as supply for 

labor exceeds demand. On the other hand, other economists argue that if fundamental 

factors like appropriate price deflator is taken into account when exploring trends for 

productivity enhancements and compensation rises, the line of growth for both should be 

identical, specifically, increases in compensation need to follow growth in productivity at the 

national level as theories predict it. This implies that workers benefit from productivity 

growth at the aggregate level. This paper analyzes the dynamics of productivity gains and 

compensation rises by discussing various theoretical relationships. Applying the data from 

the U.S government agency, the Bureau of Labor Statistics, an empirical approach will be 

conducted in order to investigate the effects of productivity growth and other influential 

factors on annual compensation per worker.  
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1. Introduction 

 

The concern has been broadly expressed by many economists about the relatively slow 

growth in employment during the current economic expansion in the U.S. Furthermore, 

while productivity growth has speeded up, many have given the argument that wages are 

not keeping path and that workers are being squeezed in an attempt to boost profits. Some 

economists have launched some doubts regarding the benefits of rising productivity. Public 

policy is, of course, interested in both with the rate of economic growth and how the gains 

are distributed. Still, other economists have argued that the puzzle of compensation and 

productivity growth might not be much issue at all. If an eligible type of price deflator is 

applied when measuring compensation, trends for increases in productivity and 

compensation should move in similar lines (Cashell, 2004).  

Fogleman (2001) mentions that it is important to give a lot of consideration to your 

business's compensation structure because it ultimately reflects how employees are valued. 

Moreover, real hourly compensation is a measure of workers’ purchasing power. Thus, 

compensation is one of the vital elements in labor economy (Fleck et al, 2011).        

Productivity growth provides the basis for rising living standards. Increases in labor pro-

ductivity—the most commonly used productivity measure—reflect investments in capital 

equipment and information technology, and the hiring of more highly skilled workers. 

Employers’ ability to raise wages and other compensation is tied to increases in labor 

productivity (Fleck et al, 2011). Hence, if productivity is higher in a whole economy, the 

quantity of goods and services produced and consumed will increase, meaning all workers in 

an economy will enjoy better standard of living (Cashell, 2004).        

This thesis paper will examine the effect of productivity, and other influential components 

like output prices and annual hours worked per worker (hours to employment ratio) on total 

annual compensation per worker at the nation’s level. While productivity and output price 

effects are applied based on theories in order to investigate changes in annual compensation 

per worker, factor of annual hours worked per worker is used according to practical 

assumption. 
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1.1 Literature Review 

Considering the fact, several studies have been conducted concerning the theory behind the 

impact of labor productivity on the labor compensation. Cashell (2004) suggests that the gap 

between productivity and compensation growth could also be affected by changes how 

competitive the labor market is. For instance, if something alters the relative bargaining 

power of either managers or workers that could affect the rate of labor compensation. A 

study published by the Federal Reserve Bank of Atlanta presents the relation between 

unionization and the gap between the rates of compensation and productivity growth. The 

investigation found that industries with higher rate of unionization had relatively small gaps 

between productivity and compensation growth whereas industries experiencing relatively 

larger declines in power of unionization had relatively larger increases in the gap between 

compensation and productivity growth (Cashell, 2004). 

According to another research paper by Fleck et al, (2011) under the Bureau of Labor 

Statistics (BLS) in the U.S., there are two main components that account for the importance 

and direction of the compensation-productivity. The first is the difference between the price 

indexes used to adjust for inflation in the BLS hourly compensation and productivity 

measures. The Consumer Price Index and Implicit Price Deflator contain different baskets of 

goods and services; if consumer price rises faster than output prices, purchasing power 

decreases and the compensation-productivity gap increases. The second is the share of 

output, “labor share”, accounted for by workers’ compensation. Labor share is a measure of 

how much of the economic pie goes to all employees. When the share of output is constant 

or rising, employees benefit from the economic growth. When it falls, the gap between 

productivity and labor compensation broadens. Since the 1970s, the rise in inflation-

adjusted or real hourly compensation has lagged behind the increase in labor productivity.  

Furthermore, Lawrence and Gee (2012) mention that the average real hourly wage in the 

United States has been basically stagnant between 1973 and 2011 as opposed to labor 

productivity increased by 80 per cent.  Four main factors have showed the gap between the 

average real hourly wage and productivity; in order of their relative importance in explaining 

the productivity and average wage gap from 1973 to 2011, they are: rising wage inequality 

(42.3 per cent of the gap), deterioration of labor’s terms of trade (29.9 per cent of the gap), 

decline of labor compensation in GDP (16.9 per cent of the gap), and rising benefits as a 
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share of wages (10.3 per cent of the gap). Reducing this gap is of the utmost necessity in 

order to ensure that labor productivity gains also translate into better living standards for 

most Americans.    

On the other hand, Feldstein (2008) notes that the level of productivity doubled in the U.S. 

non-farm business sector between 1976 and 2006. Total compensation per hour rose at 

approximately the same rate per year during that period if nominal compensation is 

adjusted for inflation in the same rate as the nominal output amount that is used to 

compute productivity. Two principal measurement errors have led some analysts in the U.S 

to draw conclusion that the increase in labor income has not kept up with the rise in 

productivity. First is to focus on wages rather than total compensation: because of the 

increase in fringe benefit and non-cash payments, wages have not grown as considerably as 

total compensation. Another measurement issue is the way in which nominal output and 

nominal compensation are converted to real values before comparing appropriately. 

Although any consistent deflation of the two series of nominal values will indicate similar 

movements of productivity and compensation, it is misleading to use two different deflators, 

one for measuring productivity and the other for measuring real compensation (Picker, 

2008). 

In addition, Sherk (2006) argues that the rate of growth in labor compensation follows at the 

same rate as the growth rate in labor productivity. He mentions that making correct 

comparisons eliminates the gap between productivity and compensation. In other words, 

since employees have become more productive, the competition for those workers will force 

employers to pay higher compensations.  

1.2 Aim 

The thesis will answer to the question of: Have the growth in productivity led to increase in 

annual compensation per worker for 24 years in 30 industries of the U.S. while taking into 

consideration effects of implicit price deflator and total annual hours worked per worker 

(hours to employment ratios)?  
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1.3 Limitations and Methodology 

The U.S is selected for the investigation due to the availability of database in broader range 

as opposed to the database in different other countries. Moreover, the trends for many 

important economic elements such as labor compensation, productivity, implicit price 

deflator and so on, have been observed in most industries for long time by the Bureau of 

Labor Statistics (BLS) in the U.S. Hence, it has been easier to find relevant information and as 

well as dataset for this research paper from academic papers and observed data published in 

the U.S. 

Since the data for the most industrial sectors are available according to reports from the 

Bureau of Labor Statistics (BLS), thirty industries are picked from the BLS during the period 

from 1987 to 2010 in order to represent the investigation in wide perspectives.  

The investigation will be carried out in the method of panel data regression analysis, using 

the indexes for labor compensation, productivity, implicit price deflator, hours and 

employment released by the BLS. Panel data regression equation enables to “control from 

the possibly correlated, time-invariant heterogeneity without observing it. Unobserved 

heterogeneity is one instance in where correlation between observables and unobservable 

may be expected” (Arellano, 2003).     

For the regression model, the annual compensation per worker (total 

compensation/employment) is used as dependent variable and productivity, implicit price 

deflator and hours to employment ratio as explanatory variables.  According to the BLS, 

labor compensation measures are based on data of gross payroll plus other additional 

benefits. It includes wages and salaries, supplements (such as shift differentials, all kinds of 

paid leave, bonus and incentive payments and employee discounts) and employer 

contributions to employee-benefit plans (like medical and life insurance, workmen's 

compensation, and unemployment insurance). Indicators for labor productivity or output 

per person are calculated by dividing an index of real output by an index of employment. 

Employment trends – number of workers per industry are measured by two monthly surveys 

of the BLS. The first is the Current Population Survey (CPS) known as the household survey, 

and the second is the Current Employment Statistics (CES) known as the payroll or 

establishment survey. The payroll survey represents a highly reliable gauge of monthly 
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change in non-farm payroll employment whereas the household survey provides a broader 

view of employment including agriculture and the self-employed. The result of surveys is 

then adjusted annually by the BLS for research and comparison targets.  Indexes for price 

deflator that accounts for inflation are real output prices in industries. An indicator of hours 

is calculated for each industry by dividing a measure of total labor hours in the industry in 

each year by the hours for the base year 2002.  

Finally, it is also necessary to mention that all indexes for the picked variables from the 

database released by the BLS for most industries of the U.S. are presented with a base year 

of 2002 equal to 100 in annual measurement.                                                                                                                        
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2. Analysis 

2.1 Theoretical Framework  

First of all, it is essential to discuss the theoretical connection through which employees’ 

compensation growth is expected to follow productivity increases. Cashell (2004) represents 

a good overview of the theory behind productivity and wage growth.  He starts by 

considering the behavior of an individual firm which operates in a competitive economy and 

has a little influence in market conditions. That firm sells its goods at prevailing prices and 

hires workers at prevailing wages. The economic model used in this case is “diminishing 

marginal productivity” which suggests that each additional worker hired is less productive 

than those hired before. The reason behind this assumption is that it is the best interest of a 

firm to hire the most capable workers, implying that each additional worker is less 

productive and as well without additional investment in capital each additional worker 

reduces the ratio of capital per worker. A profit-maximizing firm will continue to add to its 

labor force as long as the contribution to output produced by the last worker hired (the price 

of the good times the quantity produced) exceeds the cost of his/her labor (the wage rate 

times hours worked). Conversely, when the value of the output of the last worker hired 

equals the cost of the additional labor, the profit-maximizing firm will stop to add to its labor 

force (Cashell, 2004).   

Assuming that a technological innovation raises the productivity of employees at the 

company, meaning that now each employee can produce more than before, then the value 

of the output will rise so that the additional worker hired that produces more than enough 

can cover the cost of his/her labor. If the firm continues hiring as long as the value of output 

by the last worker hired is higher than the additional labor cost, the growth in productivity 

will increase the firm’s demand for labor as it brings profit to the firm. All other things being 

equal, an increase in the demand for labor will lead to push up the wage rate. In that case, 

the rise in productivity will increase labor income. Nevertheless, the firm will stop hiring 

when it reaches the point where the cost of labor become greater or equal to the 

contribution to the output produced by the additional worker hired (Cashell, 2004).  

It is important to note that under some circumstances a growth in productivity might not 

necessarily cause an increase in employment. Take as an example a case where labor 
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productivity rises more quickly than does demand for the goods workers produce since the 

supply of the good being produced rises relative to the demand for that good in which the 

price of the good tends to decline. As a result, the fall in price will offset the effect of higher 

productivity on the value of goods produced by employees. As long as the drop in price 

becomes equal to a rise in productivity, there will be no change in the value of each 

additional worker’s production to the firm and therefore, the demand for labor will not 

increase – the firm neither hires more employees nor increases wages. In this case, all of the 

benefits of higher productivity are captured by consumers who take advantages of the same 

quality and quantity of the goods at a discounted price. However, it is worth to mention that 

the fall in price of one product creates the opportunity for consumers to spend more on all 

other goods and services. As these price dynamics lead to an increase in demand of other 

goods, prices for those goods will rise. Interestingly enough, the demand for labor at firms 

producing those goods increases as well. Consequently, that increase in demand will tend to 

drive up employment and compensation at those firms (Cashell, 2004). 

Borjas (2013), furthermore, describes the theory about the connection between 

compensation and productivity by explaining the employment decisions in the short run and 

the long run. First, he starts by interpreting the difference between marginal product and 

average product of labor since they are the most important considerations tied with a firm’s 

production function in which compensation and productivity can be reviewed through the 

mathematical statements. The marginal product of labor (or ���) is characterized as change 

in output resulting from hiring an additional worker, holding constant the quantities of all 

other inputs. It is, of course, supposed to be positive numbers so that hiring more additional 

workers raises output. The marginal product of labor or marginal productivity is calculated 

based on how many units of output each additional worker produces, ��� = ∆�
∆� where �-

quantity, and 	-employment or total amount of hired workers. A single firm, for example, 

may produce 11 units of output by hiring one worker. This implies that the marginal product 

of the first hired worker is 11 units of output (he/she produces 11 units). If the firm hires the 

second worker, production increases from 11 to 27 units of output, meaning the marginal 

product of the second worker is 16 units, (he/she produces 16 units). The average product of 

labor (or 
��) is defined as the amount of output produced by the typical worker, 
�� = �
�. 

For instance, a firm produces 66 units of output when it hires four workers, so the average 
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product of each worker or average productivity is 16.5 units. Generally, both marginal and 

average productivity begins to fall when the cost of hired worker exceeds the value of 

output that hired worker produces. The main difference is that marginal productivity is 

applied when estimating the output produced by each additional worker whereas average 

productivity is the better assessment for the output per worker in a firm or an industry or 

total economy (Borjas, 2013). 

To examine the hiring decisions further, an assumption about a firm’s objective to maximize 

its profits can be made. The profit function for a firm is given by: 

����� = �� − �	 − ��          (1) 

where �-the price, �-the wage rate, �-the price of capital, �-capital. In the short run, a firm 

cannot increase or decrease the size of its plant or buy or sell its physical equipment, so the 

firm’s capital stock is fixed at some level ��. In that case, the value of the additional output 

produced by each hired labor can be outlined by multiplying the marginal product of labor to 

the price of the output. This is called the value of marginal product of labor (����) which 

can be shown through the following formula:  

���� = � ∗ ���           (2) 

The similar formula can be applied can for the value of average product of labor (�
��) as  

�
�� = � ∗ 
��           (3) 

Holding the capital constant, when ���� = � or � = � ∗ ���, the firm can reach the point 

of the profit maximization, but the firm will neither hire additional workers nor produces 

additional output at that stage as employing additional workers reduces the value of hiring 

more workers (Borjas, 2013). 

In the long run, the firm’s capital stock is not fixed because the firm can raise the size of its 

capital stock. Therefore, profits will be maximized by considering both how many workers to 

hire and how much plant and equipment to invest in. That is to say that in the long run, the 

firm’s employment is specified by equalizing the wage with the value of marginal 

productivity as it is in the short run. In addition to this, how much capital to utilize is 

formulated by equating the price of capital (�) to the value of marginal product of capital 
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(����) which equals to the price of the output (�) times the marginal product of capital 

(���). Hence, what can be expressed through the mathematical approaches is 

� = � ∗ ��� and � = � ∗ ���           (4) 

These two profit-maximizing expressions signify that the firm will stop investing in plant and 

equipment and as well as, hiring additional worker when total input prices equal to total 

marginal products (Borjas, 2013).   

It is necessary to take into account that the terms “labor income” and “wages” have been 

used interchangeably in the popular press, especially, concerning labor income refer to 

wages. However, wages account for only a portion of labor income, and concentrating 

exclusively on wages can be misleading since, wages are an incomplete measure of labor 

income.  Labor compensation can be a more comprehensive gauge of labor income. 

Compensation includes wages and salaries; employer contributions for social insurance, 

pensions, and common insurance; profit sharing; and unemployment compensation. Hence, 

when investigating the relationship between labor productivity and wages, it is important to 

reckon that wages needs to be referred as compensation because just considering real wage 

part of compensation without other benefits may cause bias in empirical studies (Cashell, 

2004).  

The investigation of 55 years by the Bureau of Labor Statistics has indicated that 

compensation growth trends followed productivity growth although the increase in labor 

income was slower in comparison to the rise in productivity. Economists have divided those 

55 years into 3 business cycles because of considerable shifts in percentages. For instance, in 

the first business cycle over the period 1948 – 1973, productivity and compensation grew at 

approximately 3.2% and 2.8% respectively. At the second cycle, between 1973 and 1995 

increases in productivity and compensation were much lower in comparison to percentages 

in the first cycle, about 1.5% and 0.9% respectively. Nevertheless, both rose significantly in 

the third cycle, the period of 1995 -2003 despite the fact that the increase in compensation 

was a bit lower than that in the first cycle. The growth in productivity was around 3.2% while 

the rise in compensation was about 2.5%. Even though compensation seems to lag in 

increase in productivity through all three cycles, many economists often presume that these 

two factors tend to behave in similar path. For instance, Bosworth and Perry (1994) suggest 
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that is enough making a judgment looking at the difference between compensation and 

productivity growth and the increasing gap between them. They built a measure of real 

compensation based on the same price index used to estimate productivity and concluded 

that growth rate of compensation follows productivity consistently (Cashell, 2004). 

In point of fact, Bosworth and Perry (1994) are interested in determining issues made by 

previous researchers which lie in comparing improvements in labor productivity with 

following rises in workers’ earnings. They presume that there were flaws with the data 

presented by the American institutions as that data showed biases in the survey of labor 

earnings and the differences among the price deflators used to adjust for inflation. They 

focused on extracting those factors in order to attain more meaningful measurement of 

productivity growth and its relations to real wage gains in the U.S.  

Since 1973, the diversity between productivity growth and real earnings growth in the 

published data was exaggerated heftily in contrast to the assessments made for them 

before. The reason behind this overstating was that the institutions that released the data 

used the consumer price index to deflate real compensation and the output price deflator to 

deflate productivity. This was misleading because the consumer price index (CPI) rose faster 

than the output price deflator. Indeed, there was a small decrease in real wages relative to 

labor productivity when using a common price index to deflate both. That is, when the 

output price deflator was employed simultaneously to deflate productivity and 

compensation, the small divergence was observed in moving directions of both (Bosworth 

and Perry, 1994). 

Comparing U.S productivity gains and real compensation growth with other industrialized 

countries like Germany, Japan, Canada, France and Great Britain in manufacturing and non-

manufacturing sectors or the nations’ economy as a whole can clarify the past and predicted 

future differences. In actual, the discrepancies in compensation rises across countries can be 

traced particularly to different rates of productivity growth. In recent decades, it was the 

non-manufacturing sectors in the U.S that lagged behind those of other industrial countries 

in terms of productivity growth while there was a small difference of productivity gains in 

the manufacturing sectors between the U.S and other relative developed countries. Hence, 

the noticeable divergence of economywide improvements in productivity and compensation 
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abroad with that of the United States is due to the remaining disparities in the non-

manufacturing sectors (Bosworth and Perry, 1994).  

Shapiro (1994) concludes that the reexamination research paper by Bosworth and Perry 

(1994) notes that real wages growth is proportional to productivity growth as the implication 

of economic theory that their growth rates should move in identical direction. That is to say 

that the analysis by Bosworth and Perry (1994) enabled to illuminate that if correct price 

deflator (output price deflator) is used to measure increases in productivity and 

compensation, both of them need to grow at around the same rates (Shapiro, 1994). 

Epstein (1996) provided another empirical explanation for compensation-productivity 

relationship in which the difference lies between what workers produce and what they 

consume. Prices of high-tech commodities such as computers have dropped in recent years. 

Those goods reflect a relatively much larger proportion in the output prices and small 

portion in personal consumption prices. This implies that firms spend huge amount on 

computers whereas consumers’ expenditures are much lower on them. As a result, since the 

demand for computers declined in consumer prices, the consumption deflator (personal 

consumption prices) has risen faster than the business deflator (output prices or wages). 

Measuring compensation in consumer-price indexes may produce lower wage figures than 

the business deflator. The conclusion is that using output prices can give much more reliable 

results to examine the relationship between productivity and wage (Epstein, 1996).                            

Zavodny (1999) mentions that the growth rate in labor productivity defines how fast 

compensation increases over the long period since firms’ ability to raise wages is associated 

with rises in the value of production. Historical studies showed that gains in labor 

productivity have nearly kept pace with rises in real compensation. But, rises in both 

emerged to be weakened from 1970
th

 to 1973
th

. Over the period of 1973 – 1996, trends for 

real earning increases were much less matched to trends for productivity growth. In other 

words, during that period labor productivity increased significantly whereas trends for real 

wages indicated much weaker rises. This may be because the fall in the power of labor 

unions may have caused the failure of real wage increase to keep up with productivity 

growth (Zavodny, 1999). 
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Zavodny (1999) aims to analyze through empirical work whether the decline in unionization 

rate has contributed to the failure of growth in real wage and compensation to fit 

improvements in productivity by observing trends for productivity, wage and the 

unionization rate. The investigation of data on compensation per hour within the 

manufacturing sector explains that real wage and compensation growth more closely 

matches to productivity gains in industries where there is higher unionization rate. 

Nonetheless, the decrease in unionization rate does not represent a significant portion of 

the increase in disparities between productivity and compensation in the manufacturing 

sector. According to the previous research studies, the role of labor unions regarding wage – 

productivity connection seemed to be significant. However, empirical results for 20 years of 

data analysis in both manufacturing and non-manufacturing sectors indicated that the 

importance of unionization rate appears to be minor. It is also worth to note that wages and 

compensation have failed to hold pace with productivity growth (Zavodny, 1999).   

Moreover, Klein (2011) notes the slowdown of real compensation by showing the evidence 

through their empirical analysis and gathered data obtained by the Bureau of Labor Statistics 

(BLS). They suggest that it would be helpful to clarify if the connection between productivity 

and compensation is observed over a longer time horizon. Based on the indexes of 60 years 

in public and private sectors by the BLS, Klein (2011) highlights the chart (figure 2.1.a) in 

which compensation has been stagnating since 1980 while labor productivity has been rising 

sharply.    
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Figure 2-1 Indicators for growth in productivity and compensation in the U.S over the 

period 1950 – 2010         

                          Source: Bureau of Labor Statistics    

Two main features can be observed from the figure above. The first is how closely the two 

series track each other from 1950 to 1980. For those 30 years, labor productivity in the non-

farm business sector of the US economy increased by 92% while real hourly compensation 

rose by almost 87%. Classical economic theory suggests that is exactly what would be 

predicted.  That is, since workers become more valuable and efficient to firms by producing 

more output with each hour of labor, firms can compete with each other to employ them by 

pushing up wages by an equal amount. The second striking characteristic of this figure is, of 

course, how much the two series have diverged after the early 1980
th

. Output per hour of 

work in 2010 was 87% larger than in 1980, while real hourly compensation was only 38% 

higher. 

Meanwhile, based on the investigations, Greenhouse and Leonhardt (2006) discuss about 

stagnating wage and rising productivity. They state that after inflation is factored in, the 

average hourly wage for American workers has fallen by 2 percent since 2003. This decline 

has been noticeable since labor productivity which should show the nation’s living standards 

has increased steadily at the same period. Consequently, now the balance for the proportion 

of real wages becomes lower as the share of the nation’s gross domestic product since the 
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government commenced recording the data in 1947. Until 2005, stagnating wages and 

salaries were somehow offset by the increasing value of other benefits which is the second 

portion of total compensation. As a result, overall compensation for most Americans was 

continuing to rise. However, since the summer of 2005, according to government data the 

value of workers’ benefits has failed to keep up path with inflation, meaning total 

compensation of workers also has started to drop (Greenhouse and Leonhardt, 2006). 

Observing the data and trends from the last century, the key measure of the economy’s 

efficiency-productivity and wage rose rapidly in identical direction over the 1950’s and 60’s 

and far more slowly through 1970’s and 80’s. Nevertheless, the productivity improvements 

have proceeded in recent years while the pay rises have slowed down. To illustrate, overall 

compensation for the average worker increased by 7.2 percent from 2000 and 2005 while 

labor productivity grew 16.6 percent according to Labor Department statistics explored by 

the Economic Policy Institute, a liberal research group. Benefits part of total compensation 

covered more percentage of the increase than real wages part.  In addition, the fall in 

bargaining power and the lack of ability of many in the work force to claim their fair share of 

growth causes the stagnation of wages (Greenhouse and Leonhardt, 2006).     

On the other hand, Bruce (2002) argues by articulating theoretical reasons that there is no 

certain relationship between output per worker and income per worker in industry level 

because it is quite possible for wages to increase when prices have risen and output per 

worker has remained unchanged. Conversely, if labor productivity has grown substantially 

while prices have declined, wage per worker may have remained constant or even fallen. 

Those economists who suggest that there is a connection between labor productivity and 

wages within an industry implicitly assume that the demand for labor increases when output 

per worker rises as employees’ contributions to firm’s revenue increase. Since wages are 

defined by supply and demand, an increase in demand implies a rise in wages (Bruce, 2002).   

This hypothesis is wrong due to two reasons. First, there is no vital connection between 

output per worker and revenue per worker. If demand for the industry’s product is falling, 

the price that can be charged for that product will be decreasing as well. Therefore, as the 

price does, revenue per worker may decline although output per worker increases. In 

addition, when worker productivity rises, the industry will have to sell additional units of 

output which means that industry supply will increase. By the rules of supply and demand, 
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when supply increases, prices decrease. That is to say, the rise in labor productivity may lead 

to a fall in prices. Even, this fall in prices is so drastic in some cases that an increase in output 

per worker in reality causes a decrease in revenue per worker. Take agriculture as the 

clearest example of this phenomenon, where farm incomes are under constant downward 

pressure even though productivity benefits have been greater in that industry than in most 

other sectors (Bruce, 2002).  

Second, because of increase in demand for goods, a growth in productivity causes a rise in 

revenues generated per worker in an industry. As a result, there will be a need for more 

labor in that industry. However, this is not the case by necessity that the resulting increase in 

demand will be tied with a long run rise in wages relative to other industries. In other words, 

when demand for an industry’s workers increases, wages in that industry do not rise relative 

to wages in other industries. It is rather employment in the high productivity industry that 

will increase relative to employment in other industries (Bruce, 2002). 

To illustrate, we can assume that there is a three group of workers who would be indifferent 

to work as plumbers, carpenters, and electricians. We can suppose also that, initially, all 

three earn at the same wage rate. Now, if output per worker increases among electricians, 

there will be a need for more electricians. In the short run, say a year or two, it may be 

unmanageable to train additional electricians and therefore, wages may be bid up. In that 

case, students who have graduated high school will prefer to train as electricians when 

wages are higher among electricians than among plumbers and carpenters. Consequently, 

the supply of new electricians will soon rise and the supply of new carpenters and plumbers 

will decline. This will cause the decrease in wages among electricians and the rise in wages 

among plumbers and carpenters. Ultimately, the wages of all three occupations will equalize 

when electricians are ceased to be hired. All three occupations will enjoy higher wages than 

they did initially. Interestingly enough, this will have occurred without any growth in 

productivity among plumbers and carpenters. However, among electricians, the rise in 

wages will have been much smaller than the productivity growth because the excessive 

supply will have caused the decrease in wages. Considering another case where the initial 

number of electricians had been significantly smaller than the number of plumbers and 

carpenters, the wage rise experienced by all three occupations would have been negligible 

even though productivity would have risen among electricians. The amount of workers who 
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would have to leave the plumbing and carpentry trades would be so small with respect to 

the total numbers in those trades and their exit would have had very little effect on wages in 

those occupations. In this case, the primary effect of the productivity growth among 

electricians is that the number of electricians will increase and the numbers of plumbers and 

carpenters will decrease (Bruce, 2002). 

Identical effects may be reviewed from the case of other industries. Let’s take “fast food” 

restaurants as an example, where productivity gains have been far greater in the last 50 

years as opposed to restaurants serving “classic cuisine.” Yet, wages have not risen in the 

former relative to the latter. The primary reason is that every increase in demand for labor in 

fast food sectors has been met by an influx of workers from other unskilled industries 

(Bruce, 2002). 

Nevertheless, this is not to affirm explicitly that there is no relationship between productivity 

and wages at the industry level. If the amount of workers in an industry does not influence 

changes in wages, a rise in productivity may produce a stable wage increase. What 

theoretical views predict is that there will be very little correlation between productivity 

growth and wage rise in industry level (Bruce, 2002). 

Exploring productivity enhancements and wage growth at the national level may point out a 

strong connection between them. When productivity growth pushes up wages in one 

industry, it can be anticipated that workers will be drawn from other industries and 

occupations, thereby returning relative wages to their initial level. But, if productivity 

increases at the national level, workers should be drawn from other countries as the 

equivalent effect would require that. Looking at Canada as one example, this effect will be 

much less important for national wage levels in comparison with industry wage levels since 

the amount of immigrants is restricted. Furthermore, output prices are less likely to reduce 

at the national level when productivity increases compared to an equivalent gain in 

productivity at the industry level. The result of output growth in a whole economy is that the 

most proportion of labor in the nation will earn higher incomes and those incomes may be 

used to purchase the increased output. In a sense, the increased output can create the 

increased demand to buy that output. Thus, a nation – wide rise in productivity could lead to 

an increase in the welfare of workers and it can be through an increase in wages or through 

a decrease in average prices. In general, the difference between microeconomic and 
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macroeconomic level is that the supply of labor is restricted in the whole economy 

(macroeconomics) and therefore, productivity growth is expected to raise labor 

compensation. In a single firm (microeconomics) a growth in productivity cause an increase 

in demand for employment so that compensation is expected to rise. However, if the supply 

for labor exceeds the demand, compensation will decline (Bruce, 2002).  

In spite of it all, basis of the theory in labor economy is that employees respond to 

incentives. Specifically, it is apparent that paying in piece – rate or on the basis of output can 

encourage workers to supply more output. In other words, capable workers will be inspired 

to work hard and produce more output in order to earn high income. Many sophisticated 

models have been offered but due to a lack of data, they have remained untested (Lazear, 

2000). 

2.2 Description of variables 

Before starting to run the regression analysis, I would like to discuss a bit about selected 

variables as dependent and explanatory.  

Annual compensation per worker ��) – is derived by dividing indexes for total 

compensation by indexes for total number of workers (employment figures in the dataset) in 

respective years in each picked industry. In general, total compensation is divided into two 

parts: 1) real wages (take home pay earnings) and other benefits (such as pensions, medical 

and life insurance and other incentive payments). Therefore, it is important to note that this 

variable accounts for total annual compensation per worker, not only real wages in the 

economy as a whole. This variable will be employed as the dependent since the purpose of 

this paper is to investigate the effects of selected variables on this factor.   

Labor productivity ���� – is given in two datasets: 1) by dividing total real output by hours 

and 2) by dividing total real output by number of workers. The second ratio will be used in 

terms of empirical study as the change in output per worker can better explain the change in 

annual compensation per worker due to theories discussed above by economists and 

researchers who conducted empirical studies. This independent variable is expected to have 

a positive effect on annual compensation per worker.    
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Implicit price deflator ��) – indexes for this variable are constructed by using the Product 

Price Index which is much better estimates figures for labor compensation as opposed 

Consumer Price Index. The primary illustration can be what Epstein (1996) or Bosworth and 

Perry (1994) interpreted about the difference between consumer prices and business 

deflator. In addition, “from the standpoint of testing basic theory, the right factor to use to 

calculate real wages is the price deflator for output” (Mankew, 2006). This explanatory 

variable will predict a positive effect on annual compensation per worker.  

Total annual hours worked per worker (Hours to Employment ratio indicators) � �� – 

indicators for this factor are measured by dividing total hours worked yearly in each industry 

by relative annual employment amounts (total number of workers). Although listed theories 

in section 2.1 do not provide the precise evidence, this additional explanatory variable is the 

assumption that increases in total annual hours worked per worker can tend to raise annual 

compensation per worker in practice.  In other words, it is presumed that increasing hours to 

employment ratio will lead to raise the amount of wages per worker or simply saying, for 

example, if a single person works 9 hours instead of 8 hours, he or she will definitely earn 

higher income. It is also necessary to mention that total compensation is paid in time-rate 

(per hour) and annual compensation per worker is derived from it. That is why it is worth to 

take into consideration total annual hours worked per worker as supplementary explanatory 

variable. However, a positive effect of this variable on annual compensation per worker 

cannot be obvious since the investigation is conducted by taking the industry-wide data. 

That is, an economy-wide or industry wide data may produce different results as it is difficult 

to predict what happens to wages if total working hours in a nation increase. Thus, after the 

empirical test, we can make clarification about the assumption whether hours to 

employment ratio can influence annual compensation per worker or not and if have an 

effect, we may find out whether that effect is positive.  

2.3 Model 

Examining the effect of productivity, price deflator and hours to employment ratio on the 

yearly individual wage through the panel data regression equation is aimed to discover how 

strong those explanatory variables can measure or change the dependent variable in this 

empirical work.  
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 In terms of estimating panel data, it is essential to choose one of the measurement 

procedures. There are two mostly employed common models: 1) The Fixed Effects Model 

and 2) The Random Effects Model. One of the main advantages of the fixed effects model is 

that it embraces the industry specific unobserved effects which are constant over time in 

panel data equation and will eliminate that issue through the mathematical process whereas 

the random effects model includes that unobserved effects in the error term of equation 

which may lead to omitted variable bias. The primary example for a specific unobserved 

effect can be characteristics of workers such as laziness, being tall or short which cannot be 

observed. Another major advantage with the fixed effects model is that it avoids bias due to 

omitted variables that do not vary over time such as race or gender. Nonetheless, the 

random effects model has several obvious advantages over the fixed effects model in some 

other senses. Compared to the fixed effects model, one of particular advantages is that the 

random effects model has fewer problems with degrees of freedom. Anyway, many 

econometricians recommend the fixed effects model for beginning researchers 

(Studenmund, 2011). Based on the recommendations for panel data analysis, the fixed 

effects model is chosen and will be applied.   

We would like to present regression model by applying the mathematical equation 

� = � ∗ ��� (4) listed in theoretical framework section (2.1). Through equation (4) it can be 

seen that as price and marginal productivity increase, wage or compensation will rise. In our 

case, the Bureau of Labor Statistics provides indexes for average productivity as labor 

productivity instead of marginal productivity. The theoretical framework provides that both 

types are expected to move in the identical line by following each other even though 

amounts are different. For instance, when marginal productivity increases, average 

productivity rises as well or conversely, the opposite movements occur for both (Borjas, 

2013). Hence, following the theory, using provided average productivity indicators can be 

the better estimation since the concern of this paper is for annual compensation per worker 

at the nation’s level, so Equation (4) can be treated as  

� ≈ � ∗ 
��     or      � ≈ � ∗ "#          (5) 

where,  � – compensation per worker (total labor compensation/employment); 
"
# and 
��  – 

average labor productivity;  � – implicit price deflator. The calculation of marginal 
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productivity and average productivity produces different answers as a result of the 

fundamental differences, so the sign of approximately equal (≈) is used in Equation (5). By 

including the variable – total annual hours per worker which is due to the practical 

assumption, the fixed effect regression model based on Equation (5) is the following:    

$%& = '� + ') "#%& + '*�%& + '+ ,#%& + -).1 + -*.2 +⋯+ -+�.30 + 4% +∈%&     (6) 

Where, $%& denotes the yearly compensation per worker as dependent variable, 
"
#%&

- 

productivity or output per person; P – Implicit price deflator; 
,
#%&

- hours to employment ratio 

as independent variables; .1,.2,….30 – industry dummies for each industries (for 

instance, D1 is an intercept dummy equal to 1 for the first industry and 0 otherwise or D30 is 

an intercept dummy equal to 1 for the 30th industry and 0 otherwise); 

'�, '), '*, '+, -), -*…-+�	– the coefficient estimators for the intercept term, respective 

independent variables and as well for respective industries; 4%- industry specific unobserved 

effects which are constant over time; ∈%& – the error term. 

As mentioned above, in panel data regression equation, there can be potential specific 

unobserved effects in the obtained datasets for each industry. We would like to discuss the 

process of removing the industry specific unobserved effects (4%). Studenmund (2011) 

represents useful mathematical technique. He recommends the starting point by 

differentiating each observation of a variable from the average for that variable. In this case, 

the starting point is to average Equation (6) over time for each observation	�, producing the 

following equation: 

$9% = '� + ') "#
:
%
+ '*�:% + '+ ,

9
#%
+ -).1 + -*.2…+ -+�.30 +∈9%+ 4%      (7) 

Where the bar over a variable denotes the arithmetic mean of that variable with respect to 

time. There are no bars over	-).1, -*.2 …	-+�.30, '� and 4% since they are constant with 

respect to time. Now subtracting Equation (7) from Equation (6) gives: 

$%& −$9% = ') �"#%& −
"
#
:
%
� + '*��%& − �:%) + '+ �,#%& −

,9
#%
� +∈%&−∈9%     (8) 

It is noticeable that	-).1, -*.2 …	-+�.30, '� and 4% vanish as they are in both Equation (6) 

and Equation (7).  
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'� needs to be added back to Equation (8) to avoid violating Classical Assumption 2 and the 

symbol ; is used as a “a demeaned variable” (a variable that has had its average subtracted 

from it) in order to simplify the equation. Now we get Equation (9): 

;$%& = '� + '); "
#%&

+ '*;�%& + '+; ,
#%&

+ ; ∈%&    (9) 

where:           ;$%&= the demeaned $ = $%& −$9% 

                        ; "
#%&

= the demeaned 
"
# =

"
#%&

− "
#
:
%
 

                        ;�%&= the demeaned � = �%& − �:% 

                        ; ,
#%&

= the demeaned 
,
# =

,
#%&

− ,9
#%

 

This mathematical procedure demonstrates the advantage of the fixed effects model where 

the bias due to time – invariant omitted variables can indeed be circumvented. Furthermore, 

this shortcut method enables to avoid having to demean the data before running the 

regression (Studenmund, 2011).  

Moreover, two other fixed effects regression models will be tested by transforming variables 

for annual compensation per worker, labor productivity and implicit price deflator into 

natural logarithmic form. The reason for that is to construct stronger linear relationships 

between theoretically sound dependent and explanatory variables by using double-log 

functional form. In other words, Studenmund (2011) explains that while the coefficients are 

linear, there can be non-linearity in the variables, so the double-log form is the most 

common functional form to be applied. However, the variable of total annual hours per 

worker �,#� will not be transformed into log form as the theory does not give the apparent 

evidence and rather, it is based on the realistic assumption. That variable will be employed 

in the first model but not in the second model. The purpose is to investigate how the effects 

of other theoretically sound independent variables on annual compensation per worker 

would differ when including and excluding total annual hours per worker. If we recall 

Equation (5), it can be stimulated by transforming variables into log form as 

ln$ = ln �"#� + ln��)          (10) 
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From Equation (10), two fixed effect models can be built up. Thus, by including �,#� variable, 

the first fixed effects model is:  

ln$%& = '� + ') ln "
#%&

+ '* ln �%& + '+ ,#%& + -).1 + -*.2 +⋯+ -+�.30 + 4% +∈%&     (11) 

The second fixed effects model which excludes �,#� variable is: 

ln$%& = '� + ') ln "
#%&

+ '* ln �%& + -).1 + -*.2 +⋯+ -+�.30 + 4% +∈%&          (12)  

2.4 Descriptive Statistics 

Descriptive statistics for variables related to annual compensation per worker (W), labor 

productivity �"#�, implicit price deflator (P), hours to employment ratio (total annual hours 

worked per worker) �,#�, and logarithmic forms of annual compensation per worker 

(ln $), labor productivity �ln "
#�, implicit price deflator (ln �) are presented in Table 2.4a 

below: 

Table 2-4.a Summary statistics for variables, period from 1987 to 2010    

Variables Observations Minimum Maximum Mean  Std. deviation 

W 720 39.097 162,871 91.796 24.479 

>
? 

720 15.695 270.757 94.241 23.982 

P 720 31.083 343.358 103.221 35.482 

ℎ
? 

720 87.763 119.848 100.903 3.983 

ln$ 720 3.666 5.093 4.482 0.277 

ln >? 
720 2.753 5.601 4.512 0.274 

ln � 720 3.437 5.839 4.596 0.269 

Industry 720 1 30   

Year 720 1987 2010   

Ind. Code 720 211 336111   

 



 

 

23 

 

According to the results on the table above, except for hours to employment, the annual 

compensation per worker, labor productivity and price deflator are spread out in the broad 

range in the observations of all 30 industries at once during the period between 1987 and 

2010. In other words, 720 observations indicate the large dispersion of ranges for W, 
"
# and P 

variables which can be seen by monitoring values of relative variables between Minimum 

and Maximum from Table 2.4a. Standard deviations are also relatively higher apart from the 

variable of hours to employment. The range for annual compensation per worker varies 

considerably enough as the labor compensation in general can be anticipated to rise for 24 

years in all industries. The indicators for labor productivity and implicit price deflator vary 

dramatically in terms of assessing all thirty industries which might occur due to technological 

advances in some particular industries and increases in output values. However, the 

arithmetic means of labor productivity and implicit price deflator are located much closer to 

minimum coefficients in contrast to maximum. The reason behind this can be the difference 

among industries for 24 years. Only few industries might have experienced considerable 

growth in productivity and output prices whereas the most others are not. Indexes for total 

annual hours worked per worker lie between 87.763 and 119.848 in which changes are not 

high.  

2.5 Multicollinearity Tests and Review of Correlation Coefficients  

The results of correlation among variables in Table 2.5a are presented in order to investigate 

for multicollinearity and as well to observe how dependent and independent variables are 

associated. Table 2.5b reports the correlation results for multicollinearity test among 

explanatory variables when transforming them into logarithmic forms apart from the 

variable �,#�.   
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Table 2-5.a Correlation results to detect multicollinearity 

 W >
? 

P ℎ
? 

W 1.000    

>
? 

0.655 1.000   

P 0.483 -0.090 1.000  

ℎ
? 

-0.069 -0.078 0.124 1.000 

     

Table 2-5.b Correlation results for multicollinearity test when all variables are expressed in 

log forms except for total annual hours worked per worker (h/L) 

 ln$ ln >? 
ln � ℎ

? 

ln$ 1.000    

ln >? 
0.635 1.000   

ln � 0.551 -0.127 1.000  

ℎ
? 

-0.078 -0.086 0.109 1.000 

 

As it can be shown from the numbers in the tables above, the correlation among labor 

productivity�"#�, implicit price deflator (P) and hours to employment �,#� is low, implying that 

multicollinearity problem is absent. For example, according to Table 2.5a, the indicators of 

correlation between labor productivity and implicit price deflator; labor productivity and 

hours to employment ratio are -0.090 and -0.078 respectively which are not considerable. 

There is also the low correlation between implicit price deflator and hours to employment 

ratio that is 0.124. Similar low correlation results can be observed from Table 2.5b where 

aside from hours to employment, other explanatory variables are described in log forms. 

Hence, as opposed to the absolute value of the simple correlation coefficient that is 0.80 

according to some researchers (Studenmund, 2011), the indicated numbers in Table 2.5a 

and Table 2.5b among explanatory variables are significantly lower, implying that the models 

are free from multicollinearity for further estimation.           
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Looking at the relationship between explanatory variables and dependent variable from 

Table 2.5a and Table 2.5b, labor productivity and implicit price deflator have a positive effect 

on annual compensation per worker (W) as predicted. However, the variable for total annual 

hours worked per worker which is based on the assumption has a negative impact on annual 

compensation per worker. That is to say that correlation coefficient for hours to 

employment ratio contradicts the assumption which anticipated a positive effect on annual 

compensation per worker. This is because total hours in all selected 30 industries might have 

decreased or some potential consequences might exist in hours to employment ratio and 

therefore, the sign of coefficient is negative regarding annual compensation per worker.  

2.6 The Fixed Effects Model Results 

Table 2.6a present the results for the first fixed effects regression model which examine 

effects of changes in labor productivity�"#�, implicit price deflator (P) and total annual hours 

per worker �,#� on changes in annual compensation per worker (W):    

Table 2.6.a Regression results for the first fixed effects model   

 

W 

 

Coefficient

s 

 

Std. 

Error 

 

t – statistic 

 

P – value 

 

Conf. Interval 

[95%] 
>
? 

0.766 0.018 42.12 0.000 0.730  0.802 

� 0.410 0.013 32.23 0.000 0.385  0.435 

ℎ
? 

-0.290 0.144 -2.02 0.044 -0.573  -0.008 

A*=0.731 

 

Interestingly enough, except for hours to employment ratio (total annual hours per worker), 

the results in the regression analysis demonstrate expected signs concerning coefficients.  

The results for the second fixed effects model in which all variables excepting total annual 

hours worked per worker �,#� are transformed into logarithmic forms are reported in Table 

2.6b: 
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Table 2.6.b Regression results for the second fixed effects model   

 

ln$ 

 

Coefficient

s 

 

Std. 

Error  

 

t-statistic  

 

P-value 

 

Conf. Interval 

[95%] 

ln "
#  0.737 0.014     51.44 0.000 0.709  0.765 

ln �  0.680    0.015 46.36 0.000 0.651  0.709 

,
#  -0.003    0.002 -2.66 0.008 -0.006  -0.001 

A*=0.810 

 

Table 2.6c presents the results for the third fixed effects regression model which excludes 

the variable-total annual hours worked per worker �,#� and represents all variables in log 

forms: 

Table 2.6.c Regression results for the third fixed effects model 

 

ln$ 

 

Coefficient

s 

 

Std. 

Error 

 

t-statistic  

 

P-value 

 

Conf. Interval 

[95%] 

ln >? 
0.739 0.014 51.46 0.000 0.711  0.767 

ln � 0.680 0.015 46.12 0,000 0.651  0.709 

A*=0.804 

 

 

Table 2.6.d presents joint significant test results. The aim is to test the null hypotheses 

B�:	') =	'* =	'+ = 0 against the alternative B): 	') ≠	'* ≠	'+ ≠ 0.  
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Table 2.6.d F-test results 

Model 1 W Coefficients The null hypothesis F-test P-value 

 "
#  0.766  

') =	'* =	'+ = 0 

 

 

F( 3, 687) = 

972.33 

 

0.000 

 

 P 0.410 

 ,
#  -0.290 

Model 2 ln$      

 ln "
#  0.737  

') =	'* =	'+ = 0 

 

 

F( 3, 687) = 

1693.17 

 

0.000 
 ln � 0.680 

 ,
#  -0.003 

Model 3 ln$     

 ln "
#  0.739  

') =	'* = 	0 

 

 

F( 2, 688) = 

2514.01 

 

0.000 
 ln �  0.680 

 

According to the joint significant test (F-test), all three fixed effect models show that as P-

value results suggest the evidence, the null hypotheses are rejected and the coefficient 

estimates of explanatory variables are jointly significant. 

Drawing conclusion to this chapter, the regression model analysis and its results are 

presented that pertain to discussed theories and assumptions in the early sections.  
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3. Result Analysis 

In the previous chapter, summary statistics was demonstrated, followed by multicollinearity 

analysis to verify whether employed independent variables in the regression model can suit 

or not in order to estimate annual compensation per worker. The results for both summary 

statistics and multicollinearity have been sufficient or definite clue to run further the 

regression analysis in the fixed effects models of panel-data.  

Turning to the regression results in Table 2.6a, the coefficients for productivity �"#� and 

implicit price deflator (�) which were assumed to increase annual compensation per worker 

are positive as expected and significant at 5% significance level. Based on the estimated 

results, it can be predicted that one unit rise in productivity or output per worker increases 

annual compensation per worker (W) by 0.766 units. Simultaneously, annual compensation 

per worker is expected to rise by almost 0.410 units if output prices (implicit price deflator) 

increase by one unit. On the other hand, the coefficient sign for total annual hours worked 

per worker �,#� indicates a negative effect on annual compensation per worker which 

counters the assumption. It was presumed that rise in total annual hours worked per worker 

should lead to increase annual compensation per worker. Supposing real life working 

situations, increase in total hours per worker should raise compensation per worker since 

workers are paid hourly. That is, more working hours imply higher earnings, including both 

real wages and other benefits. In spite of this, it is worth to deem that obtained data by the 

Bureau of Labor Statistics accounts for 30 industries of the whole economy in the U.S over 

the period 1987-2010. There might have been several potential problematic causes 

concerning total annual hours worked per worker during that period of 24 years and 

consequently, it has led to a negative effect. Besides, the matters may be tied with the data 

in terms of defining or measuring that variable or the assumption was not correct for this 

empirical work. Hence, determining what have led to a negative effect may bring another 

research topic.  

According to Table 2.6b, the regression results for the second fixed effects model which 

transforms theoretically related variables (W,  
"
#, P) into logarithmic forms denote the rise in 

the estimated coefficient of implicit price deflator on annual compensation per worker. It 

can be discerned that 1% change in P is associated with 0.68% change in W that is significant 
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at 5% significance level, so 0.68% is the elasticity of W with respect to P. This is, of course, 

due to strengthening linearity between them by setting both variables into log forms. The 

estimated coefficient of labor productivity does not almost differentiate from that of the 

first fixed effects model in Table 2.6a. The coefficient sign of total annual hours worked per 

worker �,#� still reflects a negative impact on annual compensation per worker despite 

enhancing the linearity of other theoretically supported variables in this second model. That 

can be observed from Table 2.6b that one hour increase in �,#� is associated with -0.003% 

change in W. By and large, the coefficient signs of independent variables in the second fixed 

effects model does not distinguish from those of the first fixed effects model. That is to say, 

in general, the effects of labor productivity and implicit price deflator on annual 

compensation per worker are positive as predicted while there is a negative impact of total 

annual hours worked per worker on annual compensation per worker which is the 

unexpected sign. 

Table 2.6c explains that when the variable of total annual hours worked per worker is 

excluded, the overall regression results of the third fixed effects model does not represent 

notable changes in the estimated coefficients of other independent variables at 5% 

significance level. Nevertheless, it is difficult to suggest that total annual hours worked per 

worker is irrelevant variable since total regression results of that variable are hefty when it is 

included in the previous regression models.  

Furthermore, observing the connection between productivity and compensation through 

respective coefficient results of all three fixed effect models, the inference is that while 

productivity increases by 1 unit or 1%, annual compensation per worker does not rise at the 

same rate. This implies that the increase in compensation is lagging behind the growth in 

productivity.                

All in all, the drawback of the regression results is a negative impact by total annual hours 

per worker on annual compensation per worker which was expected to have a positive 

effect based on the assumption. Nonetheless, apart from this contradictory result, other 

coefficients for explanatory variables indicate positive results as listed theories in Section 2.1 

proposed.  
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4. Conclusion 

This paper has aimed to analyze whether the growth effects of productivity, output prices 

and annual hours worked per worker on annual compensation per worker are positive based 

on the data of thirty industries obtained by the Bureau of Labor Statistics in the United 

States.  

Reviewed economic theories in the section 2.1 point out that there is the effect of 

productivity on compensation at the aggregate or macroeconomic level and it should be 

positive. At the industry or microeconomic level, the most economists suggest that there is 

the connection between productivity and compensation and productivity growth should lead 

to the rise in compensation apart from the case in which productivity increases faster than 

demand for the goods workers produce, implying that the supply for goods exceeds the 

demand which causes the fall in prices. As the prices of goods decline, the demand for labor 

decreases while the supply for workers is higher and consequently, compensation for 

workers tends to drop. Because of this case, the effect of productivity on compensation may 

become weaker at the industry level. Furthermore, several empirical studies indicated that 

since the 1980’s, the growth in compensation has been weakened while productivity gains 

proceeded to rise sharply in the U.S. Some economists stated that the researchers who 

emphasized the gap between productivity improvements and compensation growth had not 

assessed those two factors properly since they had estimated compensation at the 

consumer price index (CPI) or consumption prices while productivity had been measured in 

the output price deflator or output values. Applying these two different price measurements 

had been misleading. When output prices were employed in order to measure the 

relationship between productivity growth and compensation rises, the result showed the 

minor disparity between them. Generally speaking, what theories and other empirical 

evidence predict is that increases in productivity and prices should have a positive effect on 

workers compensation at the national level.      

According to the regression analysis, our findings indicate that increase in productivity and 

output prices (implicit price deflator) lead to rise in annual compensation per worker as 

expected. However, the regression results regarding another independent variable-total 

annual hours worked per worker has showed negative impact on annual compensation per 

worker that is the contradiction to the assumption. This may be because the assumption 
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might not have been applicable for this empirical investigation or there might have been the 

potential problems with the data in computing indexes for that variable. Thus, this negative 

sign for the impact of annual hours worked per worker on annual compensation per worker 

may induce the concern to carry out further exploration.  

Moreover, the outcomes of the empirical part of this paper point out that there is a gap 

between productivity and compensation growth rates since the increase in compensation 

does not keep up with the rise in productivity. This can be due to the fall in the bargaining 

power of workers in the US as Greenhouse and Leonhardt (2006) stated or still there is 

somehow difficulty in terms of measuring trends for these two factors.               
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