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Abstract 

In the age of the internet, everyone is able to do more than ever before. But if this is truly the case, then 

why do we not see this in productivity statistics? We can break the issue into four different reasons: mis-

measurement, redistribution, time lag, and mis-management (Brynjolfsson). If considering this in the 

context of wages, research enhancements can be developed to address this paradox. The first change is 

implementing a new measure called Product Buying Equivalence Turnover (PBET)—a measure that looks 

at the time it takes for the adjusted price of a next generation product to reach that of the older generation. 

This could be the time it takes for the iPhone 8 to be the same as the iPhone 7. PBET can serve as a pseudo 

productivity measure by looking at buying power. To address measuring intangibles, it is crucial to adopt 

accounting methods based on managerial intent allowing R&D to be quantified more accurately and 

consistently (Hunter). At the moment, many intangible assets are labeled as expenses, making it difficult 

for analysts or economists to make forecasts. Lastly, in order to address time lag effects on measurement, 

the research suggests that shifting human capital towards areas of need is required, i.e. changing the way 

we incentivize college and provide stipends or subsidies for certain majors while cutting back on others. 

The distribution of H-1B visa workers is disproportionately towards data science jobs. Changing in house 

human capital can help make the high demand workers ubiquitous. Combining these approaches should 

help mitigate the paradox that we have today by both improving economic productivity and improving our 

measurements of productivity.  
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Chapter 1: Introduction 

The information age has given us countless wonders. From being able to search for 

literally anything on Google to being able to remotely do work across the world, the Internet has 

been a force that seems unrivaled. People are able to do so much with so little. But this 

advancement in technology has not manifested the way people expected. As Robert Solow 

famously put it, “You can see the information age everywhere but in the productivity statistics.” 

This brings us to the most obvious question: If the Internet is so revolutionary, why is 

productivity slowing down? 

 Sometimes the most obvious questions have the most difficult answers. First, we need to 

be clear what productivity is. One way of measure is the percentage growth in GDP per hour of 

labor. Another similar method looks at Total Factor Productivity (TFP), which is another way of 

looking at GDP per hour, but also controls for the capital used by companies. This allows the 

measure to account for technological advancements and innovation. 

Understanding productivity is both an economic and philosophical question. If we go 

with the first measure mentioned, percent growth in GDP per hour of labor, a number of 

problems come up immediately. If automation eliminates 50% of jobs, but the GDP growth rate 

is 5%, is that a good thing? According to our definition of productivity, this would be a 

productive society. However, unemployment being at ~50% could also be viewed as 

“unproductive” in its own right.  

Total Factor Productivity is not much better, if at all. TFP looks at technology as a 

residual. Whatever GDP value Capital and Labor do not explain is the residual we look at. As 

with any model or definition, assumptions are key. David Warsh in Knowledge and the Wealth of 
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Nations goes through the timeline how TFP came to be, and how complicated it still is to this 

day. The book questions the idea that if knowledge, another way of looking at technology, is the 

only exogenous factor of productivity, then why are books not enough for developing countries 

to acquire the gains of that knowledge? This opens the doors to a slew of new questions and 

possible answers, some of which may revolve around patents, assumptions of perfect 

competition or monopolistic competition, or opportune injections of capital into an economy.  

Productivity measures are key to understanding the impact of product and labor market 

policy. There are thousands of different policies and regulations implemented by the 

government, many of which are inherent to large macro trends such as GDP and productivity. 

From the Fed’s monetary policy to labor union’s tenacity, policy makers use GDP, productivity, 

and wages (a factor directly related to productivity) as the basis for their arguments.  

 

 

 Before going into any rationales for this productivity slowdown, it is necessary to first 

show that this truly is happening. As mentioned before, productivity can mean a few different 

things, so it is important to get a holistic view of the economy when concluding with something 

as bold as a productivity slowdown.  

 Productivity measures are derived via GDP, so it is necessary to start our discussion 

there. GDP growth is not a steady rate. Using Figure 1 as a guide, GDP goes through peaks and 

valleys due to the business cycle and macro-economic events. For example, there was a boom 

post World War II. This burst in GDP growth met a series of minor recessions, as is expected, 

but the average rate for the next 20-30 years was a great leap forward for the country (Gordan). 
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After each business cycle slowdown, there was an immediate rebound with a period of high 

growth. Fast forward to the most recent 20 years. The tech bubble caused a recession that quickly 

rebounded, but what happened after was a slow decrease in growth rate until the beginning of the 

housing crisis caused all productivity to plummet.  

 I stress the preceding details because of what happened next. GDP growth started to 

recover, but 8-10 years after the 2008 financial crisis, the average growth rate remained lower 

than any other ‘recovery’ period before.  

Figure 1 

 

 

 

 

 

 

 

 

 If productivity is slowing down as I claim, then GDP growth decline would be one of the 

first things to falter.   

This is not just a phenomenon of the past decade, but rather a trend that started since the 

1970’s. However, if we look back as far as 1940, as Robert Gordan (2016) outlines in detail, 
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American growth looked quite different. A few main factors pushed this era into a period of high 

productivity: air conditioning, the interstate highway system, commercial air transport, and the 

television. These factors kept this highly positive trend going until the 1970’s, since they were 

and still are a part of the everyday person’s life. This was not one dimensional, but rather had a 

spillover effect that changed the world in transportation, entertainment, health, working 

conditions, and food to name a few.  

The next figure looks at the actual values of hour and output per person compared to an 

extension of their 1870-1928 trend line. Figure 2 shows that the post 1928 output was much 

higher than the previous period.  

Figure 2 

 

 

 

 

 

 

 

In the 1940-1970 period, people were better off in a profound way; they mostly all had 

modern kitchen appliances; they had automobiles readily available; they had a highway system 

that allowed fast traveling; they had a huge life expectancy increase; and they had child labor 

laws and better working conditions (Gordan 2016).  



5 
 

That is not to say that post 1970 was a pit of despair, but rather innovation was geared 

towards different areas. Innovation was the result of information technology. These 

achievements, while profound, did not affect the world in the same way—they were niche areas 

with narrow effects.  

Real GDP per person in 2014 was $50,600. If productivity growth had been the same as 

the 1920-1970 period, GDP per person would have been $97,300. The difference is not a small 

rounding error, but almost $50,000 less for every person.  

Now it is important to change our focus to productivity. Figure 3 looks at how labor 

productivity has been changing while using benchmark trend lines to represent a slowdown from 

2007 up until 2016. Labor productivity growth in the past ten years is substantially lower than 

historic values.   

Figure 3 
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Labor is one of the inputs for GDP, so it does not measure productivity in the same way 

that TFP would. As previously mentioned, TFP is the residual after taking Labor and Capital into 

account. Figure 4 shows the TFP growth rate over time.  

Figure 4 

 

 

 

 

 

 

 

 

 

 

Figure 5 looks at TFP vs Time, but zooms in so it is easier to see the trends, but in 

actuality, it should show the same as the figure above.  

 Figure 5 
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 TFP was growing at about 1.75% in the early 2000’s. Figure 4 clearly shows the new trend is half 

that of the before (Roberto). Economists like Gordan (2012) believe that the marginal effect of 

technology, a direct component of TFP, is not as substantial for growth anymore. Fernald’s view is that 

this is merely TFP going back to a ‘normal’ rate of growth.  
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Chapter 2: Factors of Productivity Decline 

Productivity decline cannot be pinpointed to one distinct reason. As with any macro-

economic idea there are numerous forces working in tandem, pushing and pulling our data in 

predictable and unpredictable ways. However, MIT’s Erik Brynjolfsson breaks the argument 

down into four possible causes for the productivity paradox: mis-measurement, redistribution, 

time lags, and mismanagement (Cummings). 

Mis-Measurement 

Mis-measurement is a very intuitive argument, making it the easiest to understand but 

perhaps the hardest to fix. Conclusions are only as strong as the definitions and assumptions they 

depend on, so mis-measurement looks at how we actually capture the data we want to use. Let us 

assume that we have settled on a good idea of what productivity should be, and that it is intrinsic 

to GDP—as all productivity measures usually are. GDP itself misses plenty of gains due to how 

the data is captured. Robert Gordan outlines in The Rise and Fall of American Growth that GDP 

only captures part of any technological advancement. If we look at televisions, every year new 

models and new improvements are made, but these improvements are not captured into GDP 

growth. Alternatively, if looking more tangibly, going from hand washing to machine washing 

frees up an hour per day that can be used on labor or leisure—another measure potentially not 

captured in GDP.  

Another way to look at this is in terms of buying power. A $300 television today is much 

better than a $300 television from 10 years ago. If we take this notion and extrapolate to the first 

light bulb, automobiles, flight, medicine, working conditions, or computers, GDP can be 

seriously under measured. This means that simply comparing GDP growth may not be apt. We 
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need to take into account the other factors and in the end judge which technology is “more 

significant” than others are. 

Redistribution 

Redistribution looks at private gains made by exploiting others for a net negative result. 

This is an idea pushed by popular culture and literature. Whether it is the rich profiting on the 

backs of the poor or the powerful taking advantage of the weak, this is a reoccurring theme 

among public figures.   

According to Phillips, politics and wealth are interdependent, making redistribution a 

convincing argument. Starting from before the Robber Barons in the early 1800’s, extreme 

amounts of wealth were the direct result of government contracts. At that time, these contracts 

were usually weaponry and ships for war. As time progressed, war was slowly replaced by rail 

and oil. Whoever was able to get the government contracts was able to dominate the industry in a 

near monopolistic fashion, allowing for astronomical amounts of wealth never before seen by 

those other than royalty. This amounted into a two-way street. Achieving these large government 

contracts gave people like the Rockefellers, Carnegies, and Astors a lot of wealth, but having 

wealth also gave these people political power via cabinet positions and in some cases, elected 

positions.  

A lot is left to the imagination when we only look at these extreme examples of wealth. 

Looking at solely the top 25 wealthiest families, just like looking at CEO salaries or similar 

metrics, can perhaps point us in a direction, but it does not prove anything systematically. 

However, declining real wages emphasize the plight of Middle Americans, and that is why later 
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on this argument comes into play when looking at wages against productivity. If productivity is 

high but wage growth is low, the redistribution theory becomes very persuasive.  

Time lag 

It is also possible that the gains take longer to manifest, resulting in a time lag. If we look 

at electricity as an example, it took forty years for productivity growth to accelerate. This, as 

Paul David explains, is because it took that long for 50% of industrial machinery to be electric 

(Taylor). While statistically true, Gordan (2016) furthers this by citing World War I as a cause. 

The War injected money into the economy, pushing innovation. At the very least, he argues, 

WWI was instrumental for the ubiquity of the telephone due to wartime use. It is thus natural to 

use this phenomenon to explain today’s predicament with computers.  

 The time lag can also be viewed in terms of the rate of creative destruction. In the long 

run, creative destruction accounts for over 50% of productivity (Rotman). A key finding by 

Caballero and Hammour (2005) is that recessions reduce restructuring; recessions and firm wide 

pullbacks do not happen in tandem with the creative destruction of jobs. New jobs types form 

during the recovery period. The unique economic conditions of the past decade may have 

hindered this process. Although merely conjecture at this point, people argue that the Fed’s 

interest rate manipulation and quantitative easing numbed the economy, preventing the necessary 

market correction needed. It is possible that this agency’s actions inadvertently slowed the rate of 

destruction, therefore not allowing for the rebound of creation. Even if this were true, however, it 

would not explain the productivity slow down beginning in the 1990’s.  

 Another finding looks at the rate of creative destruction given workers’ rights and 

benefits. Empirical evidence is limited, but “job security provisions” dulled creative destruction 
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(Caballero 2004). We can relate this to unions and collective bargaining. Collective bargaining 

allowed for individuals in a firm to work together and achieve a better work outcome in terms of 

wages and benefits. This was a trend starting before the 1960’s (Merkle), resulting in improved 

worker conditions along with higher rates of job security. However, during the past two decades, 

union membership and influence has drastically decreased. The effect this has had on the 

creative destruction process is therefore debatable. 

Mismanagement 

The Mismanagement argument can seem like a scapegoat, but nonetheless still plausible. 

It claims that the difficulties of managing IT are unique and unusual. When narrowing to the 

micro, company-specific world, IT seems less productive than initially realized. One rationale 

Brynjolfsson provides is that rapidly evolving technology leaves most businesses struggling to 

stay afloat in its wake. Also with information so readily available and so much of it, people are 

not able to sort through the immense volume, causing “bottlenecks.” 

At first glance, this argument seems too simple and too inelegant to be a proper rationale. 

But it holds merit if one really thinks about their experience in the professional world. Different 

systems and coding techniques are created each year in python, R, Mat Lab, or other useful 

systems, but everyone in the working world, save data scientists, use Excel to do all minor and 

major tasks. This is not because this is such new technology. Python, for example, has been 

around since the 1990’s.  

Every year or two there are advances to Excel and the office suite, potentially boosting 

productivity, but to what extent? From a purely anecdotal standpoint, managers in different firms 

such as Goldman Sachs think other coding software is more useful and powerful, but the culture 
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has engrained antiquated systems into operations. While mismanagement may not be the most 

satisfying reason, it still holds its own when really analyzed. 
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Brynjolfsson’s Four Rationales   

Table 1 Mis-measurement Redistribution Time lags  Mismanagement 

Robert 

Gordan 

GDP is inherently measured 

incorrectly. It is up to economists to 

adjust for technology factors such 

as better TV’s or improved washing 

machines, medicine, or airplanes.  

 Electricity was delayed in growth. 

The reason it pushed ahead in 

ubiquity was due to WWI usage--

especially with the telephone. The 

injection of capital was crucial   

 

David Warsh 

(Knowledge 

and the 

Wealth of 

Nations) 

Questions how we measure 

productivity. His book was from 

2000, so it is dated, but he outlined 

the idea of TFP, and its confusion to 

this day.  

   

Kevin Phillips   Redistribution is the crux of 

his book. Wealth and Politics 

are interrelated, causing a 

rift in wealth distribution. 

The New Deal and WWII 

lowered the wage 

differential among rich and 

poor, but recent policies 

have not helped, resulting in 

the decline of middle class 

real wages.  

  

Caballero and 

Hammour 

  Indirectly views this in terms of 

creative destruction. I add 

commentary to link this to the 

financial crisis and depressed rates 

of creative destruction. 

 

Brynjolfsson    He argues tech is unique, 

and it is difficult for the 

average firm to keep up 

with how fast it is changing. 

A lack of human capital 

also prevents average firms 

from capitalizing on 

opportunities.   

Paul David   Addresses the time lag of electricity 

as an example. It wasn’t until 40 

years after it was first used for 50% 

of industry to use electric 

machinery. Once this happened 

productivity began to explode.  
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Chapter 3: Wages 

Relation to Productivity 

A simple but important question is why productivity matters. Is this a problem that only 

economists care about but average Americans can live blissfully ignorant? Unfortunately wages 

and productivity and interrelated, and they can both suggest things about one another.  

 One foundation of economic theory is that the wage earned is equal to the amount the 

worker can produce. If not, competition would drive workers in or out pushing towards 

equilibrium where wages equal output. Productivity can increase due to capital and technology 

as well, so this will not be a one-to-one relation, but this positive relation exists between wages 

and productivity nonetheless.  

Assuming a competitive market, the marginal product of labor is equal to real wages 

(Figure 6). The marginal product of labor equals the share of labor in total income times output 

per hour, under certain conditions (Gordan 2016). Using this as a base of understanding, Figure 7 

and the last line in Table 2 outlay the growth in wages. 

Figure 6 

 

 

 

 

 

The optimal level of employment is where wages equal Marginal 

Product of Labor (MPL). The x-axis is quantity of labor; the y-axis is 

Marginal product/wage; the curve is the diminishing MPL 
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Figure 7: Log Ratio of Actual Values to Extension of pre-1928 rends of Output per 

Hour and Real Compensation per Hour, 1890-2014 

 

  

 

 

 

 

 

 

Table 2: Percent Log Deviation from Extension of 1870-1928 Trend, Selected Years 

 

 

 

 

Productivity— in this case output per hour—compared to real wages were above trend by 

a larger amount between 1950 and 1970. This can signal that labor’s share in total income 

increased. However, after 1970, we can see in the graph that the reverse happens, leading to 

lower real wages. 
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In the following graph, we can see how productivity and wages, measured in average 

hourly earnings for non-supervisory and production workers and measured in total income, relate 

over time. 

 Figure 8 

 

 

 

 

 

 

 

The trend deviation means that real earnings are not increasing as fast as productivity. 

But productivity is slow as well, meaning that wages are moving substantially slower than their 

historic norms.  

 If we disregard productivity for a moment and look solely on wages, we can see wages 

stagnation from a different angle.  

 

 

 

 



17 
 

 Figure 9 

 

 

 

 

 

 

 

The trend in the post-recession era is much lower than the period before. Moreover, even 

after the “recovery,” looking around 2016, wage growth is around 3.25%--a value that would 

have been the lowest in the pre-recession dates.  
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Minimum Wage 

Minimum wage may seem tangential to understanding productivity, but it can serve as a 

way of understanding the current economic climate.  

The economic reaction to minimum wage is cut and dry, at least in terms of theory. 

Inducing a price floor will push wages above the equilibrium, causing a surplus where many 

workers enter the market looking for jobs, but the amount of jobs available decrease due to it 

being more expensive to hire employees. However, Doruk Cengiz, Arindrajit Dube, Attila 

Lindner and Ben Zipperer did not show this textbook economic reaction in a new research paper. 

They looked at the effective minimum wage on low-wage employment from 1979 to 2016 over 

100 different regions, showing that workers had a pay gain on average of 7% but had little to no 

effect on employment.  

Keep in mind this study was only looking at low-wage workers, so it may have affected 

workers higher up the income chain, but there is no evidence that it should have a 

disproportionate impact on higher-wage workers. However, a plausible explanation is income 

gains have not risen as fast as productivity or inflation. Meaning that a rise in minimum wage, 

even a substantial one, may still be below the equilibrium wage--the result being employment 

rates not suffering.  

The minimum wage effect, or lack thereof, ties in directly with Kevin Phillips’ argument 

of Redistribution. Productivity in the form of wages has been hoarded to the top of the economic 

ladder, or at least away from the bottom. In this case, the dynamic seems to be between the rich 

and poor, as opposed to between the politically powerful and weak. 
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Labor Unions 

Labor unions have been a large factor of the working class American since the 1950’s.  

Since the 90’s and early 2000’s, however, unions seemed to have fallen off in terms of influence, 

size, and effectiveness (Union). The direct result may in fact be lower wages. 

Economics of Unions 

It is first necessary to understand how unions operate from an economic perspective. This 

is a balance between monopolistic inefficiencies and collective bargaining equating to better 

contracts.  

 In a perfectly competitive market place, or something close to it, the union monopoly 

would create inefficiencies including dead weight loss. However, some may argue that the labor 

market in certain areas is not competitive and is much more of a monopsony--that is, 

concentrated demand from one employer. In this case, the monopoly would offset the dead 

weight loss of a monopsony, creating an efficient outcome. 

 The merits of collective bargaining can go further. Freeman, Richard, and Medoff explain 

that in a business, individuals can experience “retaliation,” but collective bargaining mitigates 

this issue. They go on to say that nonunion firms had minimal infrastructure for “formal 

grievance systems.” Joint bargaining gives the workers leverage for wages, but sometimes more 

importantly it is the non-wage benefits. 

Empirical Literature 

The bulk of empirical literature on unions falls in the 70’s and 80’s with a sharp decline 

in research as time passes (Addison). In the 70’s, cross sectional analyses were used to look at 

union vs nonunion workers. But this time period did not have much union creation. That is, most 
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unions were already established for 10 or more years. So even though there were statistically 

significant wage premiums (Freeman 1984), this may be skewed and not represent the new union 

effect. Once again, Freeman looked at this issue with Richard Barry and Morris Kleiner and 

found that the wage premium is much less than the 15-25% originally measured in cross-

sectional studies. The lack in wages was accompanied by an increased in “voice benefits” such 

as “grievance procedures,” but also a lack of employment ensued. These small wage benefits are 

hypothesized to be representative of a “period effect” of the 80’s and “first contract effect” 

where new unions look to increase non-wage benefits first (Freeman, 1990). So all of these 

studies are not arguing whether union wages increased, but rather by how much. 

To narrow aim, many have done studies to look at the wage premium of the teachers’ 

union, each getting slightly or sometimes drastically different results. However in 2018, Merkle 

did a meta-study that examined many of these findings. The average wage impact was a 

“modest” 2.5-4%, with the largest findings in the 1970’s when the teachers union was rapidly 

growing. When controlling for other exogenous variables such as teacher experience, wages and 

gender, the wage premium decreases as expected.  

Teachers’ collective bargaining rights are largely controlled by the state, meaning per 

state either all of the contracts are collective or none of them are. As Lemke points out, this 

makes it difficult for interstate comparisons, so he revered to intrastate analysis. His 2004 paper 

tried to create homogenous groups within Pennsylvania to accurately measure the PA union 

wage premium. He attempted to create a lower bound, achieving an average of at least 7.6% for 

the wage premium. He goes one step further to make statements regarding teacher effectiveness 

in relation to pay, which may or may not be useful later on. 
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Current Status 

Labor unions and wages are directly related. Therefore, if we are going to discuss wages 

in any way, we must also discuss the state of labor unions today. According to the Bureau of 

Labor Statistics, the first available data for comparison started in 1983, and the union 

membership rate was 20.1% with 17.7 million union workers. If we look at the most recent data 

in 2018, the membership rate was 10.5% (Union). 

Figure 10      Figure 11 

 

 

 

 

 

 

 

One can hypothesize on the reason for this wage differential—greedy executives, a lack 

of pressure from the bottom, a low minimum wage serving as an anchor, or a lack of unions—

but the exact reason doesn’t matter. The relationship between wages and productivity is 

important. Higher productivity can push wages up, and wages can be a signal for how 

productivity distributes throughout the economy. I hope to use this relation to gain more insight 

into the economy. 
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Chapter 4: Next Steps 

Productivity serves the basis for understanding the economy in a broad sense. Because of 

this, politicians, interest groups and lobbyists use the measure to advocate certain proposals and 

dismiss others.  

Having a more accurate measure of productivity and GDP can give a more distinct image 

of the economy, allowing people, for example, to know where we are in the business cycle. The 

implications go much farther than planning investments (although this is important for all 

businesses) but stretch to whether interest rates should change or government expenditure should 

adjust.  

Labor unions and other similar interest groups can use the fall of wages as a direct 

rationale for their existence and use it to help them keep power. However, if wages were not only 

being stagnant, but also we knew buying power was increasing through better productivity 

measures, the entire story changes.  

Taking a step back, let us assume that productivity and GDP were on pace since the Great 

Recession. The Fed’s policies of low interest rates with quantitative easing, therefore, may have 

caused market inflation, making the next recession just as severe. In other words, if we measured 

productivity incorrectly, we may have severely altered the state of the economy for worse.  

Gordan (2016) estimates that GDP measurement could be underreported by up to $3 

trillion. One difficulty is time and money. We cannot measure every single good and service, but 

$3 trillion is enough to entirely rescript the economy. It is enough to force everyone to rethink all 

of their positions, because GDP being 10-15% bigger means growth is not as low as we may 

have thought, and what was once in distress may actually be on pace or even thriving.  
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The implications of underreporting or over-reporting productivity affect the entire United 

States population, whether directly or indirectly, making it necessary to address the issues that 

cause measurement to be less reliable. 
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Chapter 5: Moving Forward, A Practical Approach 

Understanding the scope of the problem was the first step in addressing productivity. 

Because this is a multi-faceting area with dozens of avenues of discussion, I am going to focus 

on the ones that I feel are most credible—mis-measurement and time lag—while still relying on 

the foundations made earlier. 

Mis-Measurement 

From the research, mis-measurement is the most plausible reason for the productivity 

slow down. Going back to what I said earlier, we first need to understand and define what 

productivity actually is. From there, as a society we need to gather the inputs and outputs to 

correctly measure our residual and get an approximation of our desired measure. But the actual 

data gathering is a crude task to this day. Robert Gordan (2016) outlines this in detail, showing 

how in every substantial sector of the everyday household, there are measurement errors by 

definition. Now that we have shifted to a new age, the information age, it is not unreasonable for 

a measurement error to grow. 

Product Buying Equivalence Turnover  

Measuring the true value of a product is difficult. The example given earlier was 

televisions. If each year a new generation of TV is released, how is the benefit measured in terms 

of GDP? Right now this would be in terms of consumption; someone buys the TV for $1000. But 

what about the gain in quality? If the TV last year was $1000, and the real adjusted price of the 

new TV this year is $1000, but the new TV has better picture and sound, then something is being 

missed. One product is a better result for the same price. In other words, buying power has 

improved.  



25 
 

 I propose the Product Buying Equivalence Turnover (PBET) as a new measure. Taking 

major sectors and industries, it would look at the generational product changes and track how 

long until the prices are equal. If we take the TV example, let us assume the price of the TV is 

$1000. Then in one or two years, the next generation is released at an adjusted $1200. The time it 

takes for the new model to reach an adjusted price of $1000 would be the PBET. PBET could 

serve as a pseudo productivity check. TFP slowing down is a bad signal, but if PBET is also 

shrinking, then perhaps ‘productivity’ has shifted to a different area.  

We can use PBET as a guide for wages as well. If wage growth declines, we normally 

would take this as a bad sign. However, if PBET is also declining, this means that higher quality 

goods are getting cheaper at a faster rate. All else equal, a person is left with more money in their 

pocket. This means an increase in buying power can be viewed as an increase in wages. Since 

wages and productivity are directly related, we can use wages and PBET to understand 

productivity. 

 In terms of Implementation, this can be done in the same way as CPI: with a basket of 

goods. The basket can be certain essential items for modern living such as a TV, washing 

machine, cell phone, medication, or a computer. Each ‘generation’ does not really matter, so 

long as it is consistent.  

To take an easy, cyclical product as an example, the iPhone has its own PBET. Every 

year the new generation of iPhone is released in September. Once the new product is released, 

every month someone, or a program most likely, could search for the price of the iPhone. Once 

the price of the new iPhone is less than or equal to the old iPhone, we will have our PBET. In 

reality, the iPhone is released at the same price every year, meaning that the PBET would be 1 

year.  
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It is worth noting that some products may never have a PBET. Due to the nature of the 

industry, the next generation production may not in a reasonable time ever get to the previous 

generation price. This is why it is important to construct the basket of goods carefully. But in the 

end it does not matter if certain products are measureable or not; the goal is to look at industry 

trends.  

The difficulty with this measure is finding past data. It is difficult to find the price of, for 

example, a Samsung LCD TV in December 2014. Then compare that to November and so on. 

Therefore, this measure would be more useful in the future rather than immediately. 

Intangibles 

 One of the more elusive ideas is measuring intangible capital. Tangible capital is what is 

most obvious and clear to people: machinery, plants, and buildings. Intangible capital serves the 

same purpose in that it is an asset, but it cannot be touched, used as collateral, or physically 

manipulated. Patents are some of the most abundant forms of intangible capital. It is intellectual 

knowledge that has direct monetary value, but treated differently. When getting into more 

ambiguous forms of capital, like R&D for a new product, accounting practices vary.  

 Intangible assets are crucially important to understanding productivity in its entirety. 

Productivity itself is an intangible, as it is a residual. If we can improve our understanding of 

items such as research and development (R&D), we can works towards understanding 

productivity even more.  

 In the modern era, R&D has becoming a larger part of GDP. Between 1959 and 2004 

R&D was 5% of GDP, and in 1995-2004 it was 7% (Council). The spillover effect that creates 
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the residual part of growth in GDP from R&D is estimated to be equal to the direct effect, 

meaning that R&D could affect GDP by 14% (Council).   

In a paper by Laurie Hunter, Elizabeth Webster, and Anne Wyatt, they looked at 

measuring intangibles in a more consistent way. Firms report intangible assets on their balance 

sheet very differently from unofficial means of measurement. In some cases there is overlap but 

in others the terminology and information is quite different, one example being firms labeling 

intangible assets as expenses.  

 Their main conclusion of measuring IT “requires a back-to-basics ‘costs’ approach that 

classifies investments in [IT] as assets based on management intent at the time the investments 

are made” (Hunter). The focus is on managerial intent. If we take a pharmaceutical company as 

an example, the firm may spend 10% on basic research and 20% on research to improve product 

development. The basic research is a sunk cost, and the product development research is 

dependent on whether the investment is fruitful, but that is only known in the future. If the 

accounting practice is changed such that we measure the firm’s original monetary allocation to 

IT, instead of the expected future value of the firm, we can get a more consistent and reliable 

number. Thus, if measured by intent at the time of the investment, it will be clearer for analysts, 

investors, and economists what each expense or investment really is.  

The research suggests this is the most plausible method of addressing intangible assets. 

Properly looking at inputs will at least serve for a consistent means of measurement. Although it 

is not a simple task, the Financial Accounting Foundation, the Financial Accounting Standards 

Board, and the Governmental Accounting Standards Board—those who founded GAAP—can 

change the standard accounting practice such that these suggestions are implemented. GAAP is 
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adopted by all Unites States public companies, so this top down approach could institute change 

quickly and efficiently.  

Addressing Time Lag 

 It is difficult, if not impossible, to completely isolate the time lag argument. The research 

necessarily interconnects, but this section attempts to address time lag while keeping other 

arguments, such as redistribution or mismangement, into consideration.  

 Technology should not have the same implementation period. Getting a new TV is just a 

matter of plugging it in; there is no barrier to entry except for buying it. But utilizing new 

methods of production or new software is not a one step process. Installing or reading about the 

new ideas takes mere moments, but learning to use it effectively takes time, discipline, and an 

educated work force. We can take Microsoft Excel as an example. This is the standard in the 

business world, used by every company, for better, and in many cases for worse. An entirely new 

class of workers, data scientists, was created to utilize programs like python, R, and other 

programming languages. The extreme growth of data science jobs is merely beginning, and IBM 

predicted 28% growth from 2017 to 2020 (Columbus). Yet again, these languages have been 

around for a long time, people just have not been using them.  

 If we are able to lower the barriers to entry for the technology, the implementation can be 

expedited. Right now, the federal government gives a lot of funding for colleges. From 2013 to 

2016, federal funding went from $43 billion to $83 billion while state funding was stagnant at 

best (Study U.S.). A lot of federal funding is already at stake, but it is a matter of creating the 

right incentives. As a society, we do not want everyone to go to college; we want people to get 

educated in the right way. The National Center for Education Statistics (NCES) breaks down 
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graduates into categories. With 180,000 people getting degrees in social sciences and history and 

90,000 people becoming engineers (NCES), there is a disparity. This is not to say that these 

numbers should be equal, but, in terms of productivity, there is more hope for engineers to create 

a productivity boost, rather than historians.  

 Subsidies, if done correctly, can be a useful tool. We do not want to subsidize all majors 

equally. Instead we want to create a way to incentivize certain degrees over others. If we look at 

a variety of polls and projections, engineers, health care providers (non-MD), and data scientists 

/ software developers are in the highest demand (O’Brien). We can create a subsidy structure that 

is more generous for the majors that will land these high growth areas, while limiting funding for 

majors that are not as important for long-term growth.  

 This will help alter human capital towards more modern needs. Businesses have been 

using foreign workers via H-1B visas. As of 2016 there were over 500,000 visas outstanding, and 

that number is growing each year even after the current presidential administration is adding a 

cap (Lichfield).  With four of the top five most populated jobs by H-1B visa holders being 

computer science related, there is a demand that cannot be met in the United States (Top H-1B). 

That is why subsidizing certain programs is not only an important step in productivity, but also 

will be helpful with unemployment and wages.   

  Executives are already thinking about productivity growth, but it is behind closed doors. 

It is intuitive that businesses want to keep a competitive advantage, but after Kevin Roose spoke 

with many important people at Davos, he is more optimistic (Baker). While anecdotal, this 

alludes to the idea of mismanagement and redistribution; only the largest companies with the 

most amount of free capital are able to capture productivity gains. This is the same of H-1B 

visas; only the larger firms are able to outsource effectively and systematically. If, however, 

https://www.cnbc.com/2019/01/24/here-are-the-most-in-demand-jobs-for-2019.html
https://qz.com/949589/the-h-1b-visa-cap-tells-you-very-little-about-how-many-h-1b-visas-there-are/
https://www.myvisajobs.com/Reports/2019-H1B-Visa-Category.aspx?T=JT
http://cepr.net/blogs/beat-the-press/good-news-kevin-roose-says-businesses-are-finally-thinking-about-productivity-growth
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United States human capital starts to change, increasing supply of technical worker, then this 

may not change the number of visas, but instead create a ubiquitous environment where most 

companies have access to technical workers. 
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Chapter 6: Conclusion 

It is hard to imagine a world that is slowing down in any sense. As a society, information 

is traveling faster than ever before. The sheer volume of accessible information is enough for 

anyone to be busy for a hundred lifetimes. Even with this gift, however, productivity is faltering. 

Understanding productivity requires looking from many angles; there is not one reason for slow 

growth. Eric Brynjolfsson breaks the issue into mis-measurment, time lag, redistribution, and 

mismanagement, but we focus on addressing just two—mis-measurement and time lag—while 

keeping the others in mind. 

Adopting a new measure called Product Buying Equivalence Turnover can help us 

understand buying power and its relation to the state of the economy and productivity. For a 

basket of goods, this will look at the time it takes for the new generation of product to be equal in 

price to the old good. If the time cycle slows down, this could be good sign for the economy. The 

only issue is this requires data, and it is hard to find historic prices.  

Understanding intangibles is a daunting task, but as Hunter laid out in 2005, we can start 

by looking at the standard accounting practices. Looking at managerial intent at the time of the 

investment will create consistency. At the moment, some intangible assets are labeled as 

expenses when they should be assets, creating confusion and mis-measurement.  

Addressing time lag requires improving human capital such that advances in technology 

can be expedited. There is a large amount of outsourcing when it comes to jobs in data science 

and computer science. The supply in the US does not meet the demand. Creating a subsidy to 

push workers to these high demand jobs can help regular firms, not just the larger firms, 
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capitalize on newer systems, resulting in a reduction of the time lag while also addressing the 

mismanagement argument.  

Addressing these three areas in tandem can help not only improve our measurement of 

productivity, but may also help with productivity itself.  
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