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The Information Age:
Faster, Better, Cheaper!

Moore (1998). "If the automobile industry advanced as rapidly
as the semiconductor industry, a Rolls Royce would get half a
million miles per gallon, and it would be cheaper to throw it

away than to park it."

Invention of the Transistor:

Development of Semiconductor Technology.
The Integrated Circuit:

Memory Chips; Logic Chips.

Moore’s Law: The number of transistors on a chip doubles
every 18-24 months(Pentium 4, released November 20,2000,
has 42 million transistors).
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Holding Quality Constant
Matched Models and Hedonics

Semiconductor Price Indexes:

Memory and Logic Chips.

Computer Price Indexes:
The BEA-IBM Collaboration.

Communications Equipment:

Terminal, Switching, and Transmission.

Software:

Prepackaged, Custom, and Own-Account.
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Relative Prices of Computers, Central Office Switching
Equipment, and Prepackaged Software, 1960-2005
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Relative Prices of Computers, Communications, Electric
Components, and Software and Computer Services,
1960-2005
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Role of Information Technology:
I'T Prices, Investment, and Productivity

Capital Contribution to Economic Growth:

IT versus Non-IT Capital Services.

Capital Contribution by Type:

Computers, Communications Equipment, and Software.
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Capital Input Contribution of
Information Technology in the U.S.

Average annual percentage growth rates, weighted by income shares.
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Annual Contribution (%)
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Average annual percentage growth rates, weighted by income shares.
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Annual Contribution (%)

-Comparison between the U.S. and Japan-
Capital Input Contribution of

Information Technology
Average annual percentage growth rates, weighted by income shares.
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Annual Contribution (%)

Decomposition of

IT Capital Input Contribution in Japan
Average annual percentage growth rates, weighted by income shares.
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IT Investment and Productivity Growth
In the U.S. and Japan

Total Factor Productivity:

I T-Production versus Non-IT Production.

Sources of Economic Growth:

Capital Input, Labor Input, and TFP.

Average Labor Productivity Growth:

Capital Deepening, Labor Quality, TFP.
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-Comparison between the U.S. and Japan-
Productivity Contribution of
IT Producing Industries in the U.S. and Japan
Average annual percentage growth rates, weighted by Domar weights.
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-Comparison between the U.S. and Japan-
Productivity Contribution of

Non-IT Manufacturing in the U.S. and Japan

Average annual percentage growth rates, weighted by Domar weights.
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-Comparison between the U.S. and Japan-
Productivity Contribution of
Wholesale and Retail Trade in the U.S. and Japan

Average annual percentage growth rates, weighted by Domar weights.
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-Comparison between the U.S. and Japan-
Productivity Contribution of
Communications in the U.S. and Japan
Average annual percentage growth rates, weighted by Domar weights.
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-Comparison between the U.S. and Japan-
Productivity Contribution of
Finance and Insurance in the U.S. and Japan
Average annual percentage growth rates, weighted by Domar weights.
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Industry Productivity Growth in the U.S., 1960-2000

19.Computers

21.Electronic Components
27.Railroad Transportation
6.Textile

2.Coal Mining
20.Communications Equipment
1.Agriculture, Forestry, Fishery
22.0ther Electrical Machinery
25.Precision Instruments
36.Real Estate

26.Misc Manufacturing
34.Wholesale and Retail
9.Furniture and Fixture
29.Air Transportation
28.Water Transportation
7.Apparel

32.Electricity

15.Stone, Clay, Glass
31.Communications

24.0ther Transportation Equipment
17.Metal Products

30.0ther Trans and Storage
12.Chemical Products
5.Foods

16.Primary Metal

10.Paper and Pulp

14.Leather Products
8.Woods and Related Products
23.Motor Vehicles
13.Petroleum Refining
35.Finance and Insurance
41.Public Administration
42.Household

18.Machinery

11.Printing and Publishing
37.Education

38.Research

39.Medical Care

3.0ther Mining

40.0ther Services

33.Gas Supplv

4.Construction
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Industry Productivity Growth in the U.S., 2000-2004

19.Computers

29.Air Transportation
34.Wholesale and Retail
2.Coal Mining

1.Agriculture, Forestry, Fishery
35.Finance and Insurance
3.0ther Mining

9.Furniture and Fixture
25.Precision Instruments
6.Textile

38.Research

10.Paper and Pulp
27.Railroad Transportation
21.Electronic Components
18.Machinery

23.Motor Vehicles

7.Apparel

26.Misc Manufacturing
31.Communications

24.0ther Transportation Equipment
30.0ther Trans and Storage
12.Chemical Products
15.Stone, Clay, Glass
40.0ther Services

22.0Other Electrical Machinery
39.Medical Care

17.Metal Products

36.Real Estate

11.Printing and Publishing
8.Woods and Related Products
42.Household

41.Public Administration
37.Education

16.Primary Metal

5.Foods

32.Electricity

14.Leather Products
4.Construction
20.Communications Equipment
28.Water Transportation
33.Gas Supplv

13.Petroleum Refinina
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Industry Productivity Growth in Japan, 1960-2000

21.Electronic Components
19.Computers
20.Communications Equipment
29.Air Transportation
31.Communications
25.Precision Instruments
34.Wholesale and Retail
3.0ther Mining
23.Motor Vehicles
22.0ther Electrical Machinery
12.Chemical Products
35.Finance and Insurance
28.Water Transportation
6.Textile
32.Electricity
2.CoalMining
36.Real Estate
33.Gas Supply
26.Misc Manufacturing
17.MetalProducts
10.Paperand Pulp
18.Machinery
13.Petroleum Refining
38.Research
15.Stone, Clay, Glass
24 .Other Transportation Equipment
16.Primary Metal
1.Agriculture, Forestry, Fishery
8.Woodsand Related Products
14.LeatherProducts
7.Apparel
5.Foods
9.Furniture and Fixture
30.0ther Transand Storage
41 .Public Administration
42 Household
37.Education
39.MedicalCare
4.Construction
27.Railroad Transportation
11.Printing and Publishing
40.0ther Services
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Industry Productivity Growth in Japan, 2000-2004

19.Computers
21.Electronic Components
20.Communications Equipment
2.Coal Mining
22.0ther Electrical Machinery
31.Communications
39.Medical Care
3.0ther Mining
23.Motor Vehicles
33.Gas Supply
30.0ther Trans and Storage
25.Precision Instruments
32.Electricity
15.Stone, Clay, Glass
5.Foods
35.Finance and Insurance
18.Machinery
11.Printing and Publishing
24.0ther Transportation Equipment
12.Chemical Products
7.Apparel
8.Woodsand Related Products
41 .Public Administration
42 Household
37.Education
6.Textile
26.Misc Manufacturing
9.Furniture and Fixture
14.LeatherProducts
34 Wholesale and Retail
40.0ther Services
10.Paperand Pulp
38.Research
29.Air Transportation
4.Construction
27.Railroad Transportation
16.Primary Metal
36.Real Estate
28.Water Transportation
13.Petroleum Refining
17.MetalProducts
1.Adgriculture, Forestry, Fishery
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Industry Contributions to Productivity in the U.S.,

34.Wholesale and Retail
19.Computers

21.Electronic Components
36.Real Estate

1.Agriculture, Forestry, Fishery
5.Foods

31.Communications

6.Textile

26.Misc Manufacturing
22.0Other Electrical Machinery
30.0ther Trans and Storage
27.Railroad Transportation
12.Chemical Products
17.Metal Products
25.Precision Instruments
24.0ther Transportation Equipment
32.Electricity

7.Apparel
20.Communications Equipment
23.Motor Vehicles

15.Stone, Clay, Glass
35.Finance and Insurance
10.Paper and Pulp
13.Petroleum Refining
9.Furniture and Fixture
29.Air Transportation
28.Water Transportation
16.Primary Metal

2.Coal Mining

8.Woods and Related Products
38.Research

14.Leather Products
41.Public Administration
42.Household

11.Printing and Publishing
18.Machinery

37.Education

33.Gas Supply

39.Medical Care

3.0ther Mining
4.Construction

40.0ther Services |
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Industry Contributions to Productivity in the U.S.,

34.Wholesale and Retail
35.Finance and Insurance
40.0ther Services
1.Agriculture, Forestry, Fishery
31.Communications

23.Motor Vehicles

39.Medical Care
19.Computers

29.Air Transportation
12.Chemical Products
18.Machinery

30.0ther Trans and Storage
25.Precision Instruments
3.0ther Mining

36.Real Estate

26.Misc Manufacturing
10.Paper and Pulp

24.0ther Transportation Equipment
9.Furniture and Fixture
38.Research

6.Textile

21.Electronic Components
17.Metal Products

15.Stone, Clay, Glass
22.0Other Electrical Machinery
27.Railroad Transportation
2.Coal Mining

7.Apparel

11.Printing and Publishing
8.Woods and Related Products
42.Household

41.Public Administration
14.Leather Products
16.Primary Metal

28.Water Transportation
37.Education
20.Communications Equipment
33.Gas Supply

32.Electricity

5.Foods

13.Petroleum Refinina
4.Construction

-0.40%
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Industry Contributions to Productivity in Japan,

34.Wholesale and Retail
23.Motor Vehicles
12.ChemicalProducts
21.Electronic Components
22.0ther Electrical Machinery
35.Finance and Insurance
16.Primary Metal
18.Machinery
1.Agriculture, Forestry, Fishery
31.Communications
36.Real Estate
19.Computers
6.Textile
17.MetalProducts
26.Misc Manufacturing
32.Electricity
5.Foods
28.Water Transportation
10.Paperand Pulp
25.Precision Instruments
13.Petroleum Refining
20.Communications Equipment
15.Stone, Clay, Glass
3.0ther Mining
24 .Other Transportation Equipment
29.Air Transportation
2.CoalMining
8.Woodsand Related Products
33.Gas Supply
7.Apparel
9.Furniture and Fixture
14.LeatherProducts
38.Research
41 .Public Administration
42 .Household
37.Education
30.0ther Transand Storage
27.Railroad Transportation
11.Printing and Publishing
39.Medical Care
4.Construction
40.0ther Services

-0.30%
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Industry Contributions to Productivity in Japan,
2000-2004

19.Computers
39.Medical Care
21.Electronic Components
22.0Other Electrical Machinery
23.Motor Vehicles
31.Communications
30.0ther Transand Storage
35.Finance and Insurance
5.Foods
20.Communications Equipment
32.Electricity
18.Machinery
12.ChemicalProducts
15.Stone, Clay, Glass
25.Precision Instruments
33.Gas Supply
11.Printing and Publishing
3.0ther Mining
24.0ther Transportation Equipment
8.Woodsand Related Products
2.CoalMining
7.Apparel
41 .Public Administration
42 Household
37.Education
14.LeatherProducts
6.Textile
9.Furniture and Fixture
38.Research
29.Air Transportation
26.Misc Manufacturing
10.Paperand Pulp
28.Water Transportation
27.Railroad Transportation
34.Wholesale and Retalil
13.Petroleum Refining
17.Metal Products
1.Agriculture, Forestry, Fishery
16.Primary Metal
40.0ther Services
36.Real Estate
4.Construction
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by productivity contribution.

-0.15%

-0.10%

-0.05%

0.00%

0.05%

0.10%

0.15%

0.20%



Annual Contribution (%)

Sources of Economic Growth
In the U.S., 1960-2004
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es of Economic Growth
Japan, 1960-2004
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-Comparison between the U.S. and Japan-
Sources of Economic Growth, 2000-2004
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Sources of Growth in Industry Output

Computersand Office Equipment
Electronic Components
Computer Services
Communications Equipment
Finance

Business Svc excl. Computer
Communications
Professionaland Social Svcs.
Wholesale Trade

Household

Rubberand Plastic

Other Services
Instrumentsand Miscellaneous Mfg.
Health private
Transportation

Real Estate (rental)
Retailand Eating

Motor Vehicles

Government Enterprises
Education, private
Agriculture

Other Transportation Equipment
Insurance

Other Electrical Mach
Electricity

Government Education
Printing and Publishing
Lumber, Wood, Furniture
Fabricated Metal
CoalMining

Legal

Stone, Clay, Glass
Construction

Paper

Food and Tobacco

Non Energy Mining
Chemicals
Machinery excl. Computers
Government excl. Education
Petroleum Refining

Textiles, Apparel, Leather
Primary Metal

Oil and Gas Mining

In the U.S., 1977-2000

® Intermediate

B Capital OTFP

— by output growth

Gas |

-0.05

0.00 0.05 0.10 0.15 0.20

B |_abor

Note: Industries sorted



Sources of Growth In Industry Output
In Japan, 1977-2000

Computers
Electronic Components
Communications Equipment
Communications
Air Transportation
Other Electrical Mach
Gas Supply
Finance and Insurance
Other Service
Motor Vehicles
Real Estate
Other Manufacturing
Machinery excl Computers
Medical Care
Electricity
Research
Public Administration
Storage Facility Service
Precision Instruments
Printing and Publishing
Wholesale and Retail
Chemical Products
Road Transportation
Water Supply
MetalProducts
Rubber Products
Construction
Railroad Transportation
Non-ferrous Metal
Paperand Pulp
Petroleum Refining
Foods
Education
Stone, Clay, Glass
Agriculture, Forestry, Fishery
Iron and Steel
Furniture and Fixture
Other Transportation Equipment
Water Transportation
Apparel
CoalProducts
Other Mining
Woodsand Related Products
LeatherProducts
Textile
CoalMining

-0.10

-0.05

: : ® Intermediate = Labor
: W Capital OTFP
T Note: Industries sorted
i by output growth
0.00 0.05 0.10 0.15 0.20



Sources of Labor Productivity Growth
In the U.S., 1960-2004
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Sources of Labor Productivity Growth
In Japan, 1960-2004
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-Comparison between the U.S. and Japan-
Sources of Labor Productivity Growth
In Japan, 1995-2000
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-Comparison between the U.S. and Japan-
Sources of Labor Productivity Growth
In Japan, 2000-2004
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Sources of Industry Labor Productivity Growth
In the U.S., 1977-2000

Computersand Office Equipment I
Electronic Components ]
Communications Equipment I
CoalMining [ ]
Finance ]
Other Electrical Mach
Instrumentsand Miscellaneous Mfg.
Textiles, Apparel, Leather
Agriculture
Communications
Computer Services
Wholesale Trade
Non Energy Mining
Other Transportation Equipment
Primary Metal
Petroleum Refining ]
Rubberand Plastic
Electricity
Motor Vehicles
Fabricated Metal
Stone, Clay, Glass
Food and Tobacco
Paper
Machinery excl. Computers
Government Enterprises
Chemicals
Government excl. Education
Lumber, Wood, Furniture
Retailand Eating
Professionaland Social Svcs.
Other Services
Transportation
Printing and Publishing
Insurance
Real Estate (rental)
Oil and Gas Mining
Government Education
Education, private
Health private
Gas
Business Svc excl. Computer
Construction
Legal |

® Intermediate Deepening
] @ Labor Quality
: B Capital Deepening

U Productivity
Note: Industries sorted

by ALP growth
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Sources of Industry Labor Productivity Growth
In Japan, 1977-2000

Computers ]
Electronic Components ]
Communications Equipment I
Communications |
CoalMining []
Other Electrical Mach E—
Railroad Transportation [ |
Textile I
Motor Vehicles —
Agriculture, Forestry, Fishery [ ]
[ 1]
[ ]
]
[ ]
[]

Precision Instruments
Finance and Insurance
Public Administration
Air Transportation
Other Transportation Equipment
RubberProducts

Other Manufacturing ]

Gas Supply I

MetalProducts [

CoalProducts [ |

Non-ferrous Metal E—
Other Mining

Electricity [ ]
[ 1]
[ ]
[ 1

Wholesale and Retail
Other Service
Machinery excl Computers
Chemical Products
Apparel
Storage Facility Service []
RealEstate —] - .
_ Petroleum Refining — ® Intermediate Deepening
Printing and PUb(leShllilg
Paperand Pulp [ ] g
Water Transportation O] .
Stone, Clay, Glass [] Labor Qual Ity
Iron and Steel [ ]

Furnitur\é\gar;[grl:sig?uprg ] . Capltal Deepenlng
= Ity
Woods and Related Products [ ro UCtIVIty .
Research — Note: Incustries sorted
Medical Care ]
LeatherPredyat _— by ALP growth
Cooley — | | | | | | | | |

-0.04 -0.02 0.00 0.02 0.04 006 0.08 0.10 0.12 0.14 0.16 0.18



Economics on Internet Time:
The New Research Agenda

*The Solow Paradox -- we see computers everywhere but in the
productivity statistics -- versus the Information Age.

*Equity Valuations and Growth Prospects: accumulation of
Intangible assets versus irrational exuberance.

*\Widening Wage Inequality:capital-skill complementarity versus
skill-biased technical change.

* Modeling IT and the semiconductor industry: permanent versus
transitory contributions to economic growth.



