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OverviewOverview

• Purpose: To simulate the impact of 
investments in education on economic 
growth and (ultimately) the federal budget 
and social welfare.

• Approach: Creation of simple spread sheet 
adaptation of standard economic growth 
model to allow quick and easy assessment 
of policy effects 

• Status: Growth model complete. Working 
on fiscal effects and social welfare impacts.



Importance of Human Capital
• Between 1959 and 1998, real output grew 

3.6 percent per year on average.
• Measurable improvements in human 

capital are thought to be responsible for at 
least 10% of the increase (and 24% of 
productivity growth). 

• These improvements have slowed
• May be more important than ever in post-

industrial, knowledge-based economy



Why An Educated Labor Force is Why An Educated Labor Force is 
more productivemore productive

• Can use sophisticated technology, equipment
• Learns new tasks and skills more easily
• More creative, finds new ways of doing things
• More autonomous, requires less supervision
• Benefits accrue to firm but also to whole 

economy because quality of labor force dictates 
what kind of machines, technology, forms of 
organization can be used. Also costs of obtaining 
specialized labor lower if market is deep (easier 
to find a chip engineer in San Jose than San 
Diego).



What is Total FactorFactor Productivity Growth 
and Where Does it Come From?

• Normally we assume that if we double the amount of 
resources devoted to producing a particular type of 
output that it will double the amount of output we get
– This is because we can always duplicate the original 

production process and get equal output from both 
halves

• However, over time output grows more than can be 
accounted for by increases in capital, labor, and other 
factors – this is called total factor productivity growth



Two Ways of Accounting for Total Two Ways of Accounting for Total 
Factor Productivity GrowthFactor Productivity Growth

• Exogenous TFP Growth
– This is the standard “neoclassical” or “Solow-Swann”

growth model
– Proportional increases in all factors leads to an equal 

proportional increase in output
– TFP growth is “exogenous” which means that it 

proceeds at a given rate and does not respond to 
changes in the economy such as changes in the 
savings rate

– This means that increased savings on education can 
increase output in the long run and rates of growth in 
the short run, but can’t affect the long run rate of 
growth



Where Does Growth Come From?Where Does Growth Come From?

• Endogenous growth models attribute 
growth in TFP to a number of different 
factors and model the impact of changes 
in the economy and policy on: 
– Increases in the stock of knowledge
– Economies of scale in catering to larger 

markets as the economy grows
– The ability to enhance the productivity of labor 

with education (Uzawa 1965 and Lucas 1988)



Is Growth Endogenous?Is Growth Endogenous?
(Can it be explained by the accumulation of capital)?

• Romer (1987) argued that capital mattered too 
much (and labor too little - - to the point of being 
negative in some regressions) to fit Solow model.

• Mankiw, Romer and Weil (1992) counter that by 
including HC in Solow model eliminates Romer’s
anomalies. Further, most of the differences in 
growth experience across countries can 
accounted for by differing rates of growth of labor, 
physical capital, and human capital.



Is Growth Endogenous?Is Growth Endogenous?
(continued)

• Bernanke and Gurkaynak (2001) counter that growth 
experience is significantly correlated with behavioral 
variables such as savings rates in ways that aren’t 
easy to explain in the exogenous growth model (even 
allowing for disequilibrium growth).

• We feel evidence is consistent with full range of 
possible models so we test full range of assumptions 
of impact of education on output from augmented 
Solow model to Lucas model with increasing returns to 
scale. 

• Based on Bernanke and Gurkaynak We have a slight 
preference for the more conservative of the two 
endogenous growth models (the Uzawa model), but 
you can draw your own conclusions from the results 
we present.
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Calibration -- Choosing Model Parameters

• Human capital equation estimated using March 2001 CPS.
• Initial population and education for each age group taken from 

Census projections as is population growth rate. 
• Savings rate for physical capital estimated as average ratio of 

private domestic fixed investment to GDP from 1995 to 2004.
• Savings rate for education chosen to produce current average 

education of 19.5 years for younger cohorts.
• Capital coefficient is 40 year average share of all factors other 

than labor in national income.
• Depreciation rate for physical capital is average from NIPA 

tables from 1995 to 2004.
• Effects of exogenous technical change chosen after all other 

parameters so that baseline growth matches Social Security 
growth projections.

• Remaining major parameters are exponent for human 
capital and magnitude of policy input.



Choice of Policy InputChoice of Policy Input
• Core Input to Model: Average Increase in Educational Attainment from 
preschool treatment. 

• Preferred policy input is derived from the High/Scope Perry Preschool 
Program, operated in Ypsilanti, Michigan in the mid-1960s. 

• Perry Preschool Program provided low-income, at-risk three and four 
year-old children with center-based care, 2.5 hrs/day, 5 days/week, 30 
weeks/year. 1.5 hr home visits by instructor on weekly basis. 

• Average increase in educational attainment in “program group”
relative to “no-program” group (at age 27): 0.9 years 

•We apply a Perry-type policy initiative to the full population of children, 
assuming a 70% take-up rate and attenuation of the Perry effects for 
children already enrolled in existing preschool programs. 

Sources: Schweinhart, Barnes, and Weikart, Significant Benefits, The High/Scope Perry Preschool Study Through Age 
27, (1993), pp.55, 57
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Percentage Increase in Human 
Capital Relative to Baseline Projection
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Percentage Increase in Physical Capital 
Relative to Baseline Projection
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Sensitivity AnalysisSensitivity Analysis
• To test sensitivity of results to alternative assumptions about 

parameters we rerun simulations varying all of our 
parameters.

• For each parameter we have our preferred value and then 
identify two other values to try.

• In most cases where parameters have been estimated from 
data we use our preferred value plus and minus one standard 
deviation of the observed annual variation of the quantity.

• Special cases:
– Education coefficient in log wage equation: since OLS is likely 

biased upward we used two smaller values ( .11, .08, .05),
– Starting age for computing foregone earnings (6, 12, 18),
– Impact of policy on educational attainment in years (.177, .365, 

.810) corresponding to assumed take-up rates of 50, 70 and 
90%.



Sensitivity AnalysisSensitivity Analysis
(Range of Estimates for Increase in GDP (Range of Estimates for Increase in GDP 

above baseline in 2080)above baseline in 2080)
Histogram of Sensitivity Analysis
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Fiscal Impacts Using 75 Year 
Budget Window

2.13%1.66%NoneInternal Rate 
of Return
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($359 bil.)($509 bil.)($1,169) bil.)3% Discount
$1,029 bil.$545 bil.($1,572 bil.)

NPV  of net 
revenue at
1% Discount
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ConclusionConclusion
• Previous research has shown that investments in 

preschool have substantial effects on educational 
attainment, especially for disadvantaged children.

• These investments require time to pay off.
• Using reasonable assumptions, we project that GDP 

would be $988 billion (2005 $) larger within 60 years.
• If federal revenue remains equal to approximately 20% of 

GDP, increase in revenue would be approximately $400 in 
2080 compared to a program price in that year of about 
$60 billion. 

• With preferred parameters program first pays for itself in 
2050.

• Program pays for itself by end of period under nearly all 
assumptions.



ExtensionsExtensions
• Extend the range and type of educational interventions 

considered
• Extend the range of effects considered

– Non-cognitive traits effects on earnings
– Effects on labor force participation of parents and students
– Effects on other educational outcomes (participation in special 

education and retention in grade)
– Reductions in crime and other costly anti-social behavior

• Compute net budget impact in each year and use that to 
compute present value of fiscal effects and internal rates of 
return (automate it)

• Add social welfare calculation to model and compute NPV and 
IRR (model allows calculation of two net benefits not previously
considered) 
– If people are under-investing in education then increased 

investment for those not in program due to higher incomes causes
net gains

– Externalities of investing in education in Lucas model


