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FOREWORD

Productivity is a critical economic concern. Sagging produc-

tivity growth coupled with rising costs and heightened foreign compe-

tition are placing American business and industry in an increasingly

vulnerable position. In an effort to strengthen its competitive posi-

tion, American business and industry is investing heavily in capital-

intensive technology. However, productivity is people-dependent and its

improvement conditioned upon their possessing the technical and organi-

zational skills necessary to utilize technology to its fullest advan-

tage. The development of the work skills required to contribute to the

revitalization of America is the central challenge to 'vocational

education.

This report is the result of a contract with the U.S. Department

of Education, Office of Vocational and Adult Education to investigate

the changing role of vocational education in productivity improvement.

The report describes the relation between productivity and technology;

explores the meaning and measurement of productivity; examines the na-

ture of the productivity problem; discusses briefly four major technolo-

gical innovations and their consequent skills implications; examines

major external forces influencing our present productivity position; and

presents mechanisms for state vocational agency use in productivity im-

provement and technological innovation.

Seven companion reports: "Technologies of the '80s: Their

Impact on Vocational Agriculture Occupations; . . Distribution

Occupations; . . . Health Occupations," etc. describe major new and

411MOMIIIIIMMElo111MMIMMI.
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emerging technological innovations that can be expected to influence

worker skills. An associated project report, "Working for America: A

Worker-Centered Approach to Productivity Improvement," is devoted to an

examination of worker-centered productivity and a discussion of the or-

ganizational and educational strategies for its improvement.

Individuals who are especially interested in the specific strat-

egies and mechanisims suggested for use by state level vocational educa-

tion agency personnel in productivity improvement efforts may choose to

read Chapter IV of this report ("Intervention Strategies") first.

The following represent some of the observations and mechanisms

included in the paper:

Vocational education cannot be static--it must restructure
its own organization to meet the needs of a restructuring

economy.

A back-to-the-basics movement is needed and is developing
with regard to technical areas such as mathematics, physics,

computer programming, etc. but with the emphasis on applying

these knowledges under the settings and conditions found in
the work-a-day world.

Vocational education must have the flexibility to react rap-
idly and responsibly to specific short-term training needs.

Vocational education can provide small.busftesses those func-
tions normally perfonmed by a training department.

A state vocational education agency can begin productivity/
technology awareness-building efforts in the agency itself as

well as in local programs and institutions across the state.

A specific state agency individual should have designated re-
sponsibility for productivity/technology concerns.

--Conserve, Inc.
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CHAPTER I

A PRODUCTIVITY PERSPECTIVE

PRODUCTIVITYITS MEANING AND MEASUREMENT

Twenty years ago, productivity was "A dusty concept ignored py

the public and scorned by labor as a ploy to extract more work for the

same amount of pay. Today, productivity is on center stage. Produc-

tivity statistics are regularly reported in the nation's newspapers and

the analysis of productivity trends and comparisons with other coun-

tries the subject of frequent articles in popular magazines and profes-

sional publications. Productivity centers have been established and

are researching the causes that contribute to productivity growth. At

the national level, the U.S. Congress has held a number of hearings de-

voted to the productivity issue. President Reagan has appointed a pro-

ductivity commission to study the issues. Public interest has ignited

with nearly 80 percent of the general public expressing the belief that

productivity is one of the most serious problems facing the country dur-

ing the decade of the 80's (Harris, 1981).

Vocational educators have due cause to wonder what is this thing

called productivity and what are its implications. Productivity is a

deceptively simple concept that interacts in complex ways. In the es-

sence, productivity can be regarded as the efficiency with which work is

performed. Efficiency, according to the engineers, is determined by the

ratio of system output to system input. The more output that is pro-

duced per unit of input, the more efficient the system is said to be.

Whereas efficiency is a concept applicable to all systems, pro-

ductivity derives its meaning in the context of a production system. A

onserva Inc.
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production-system is defined as any work organization that uses physi-

cal and/or human resources to produce material goods and/or services.

As shown in Figure 1, resources are the input to the system and goods

and/or services the output of the production system.

Resources
(Physical/Human)

PRODUCTION 1

SYSTEM
Exim

Output
(Goods/Services)

Figure 1: An !nput/Output Model

Given this definition of a production system, and the equival-

ence of productivity and efficiency, productivity is defined as:

Productivity = Output (system products)
fnput ',resources used)

Productivity, therefore, increases when more outputs are produced per

unit of input and conversely, decreases when fewer outputs are produced

per unit of input.

Defining productivity as an output/input ratio has several im-

portant implications. The first is that productivity is a measure of

system efficiencies, not system effectiveness. System effectiveness is

a measure of the extent to which system outputs satisfy an external de-

mand. Productivity is basically a supply-side concept, whereas effec-

tiveness is more a measure of the demand-supply match. To confound pro-

ductivity with effectiveness is to dilute the meaning of each separate

concept with resulting ambiguity and confusiun of meaning.

By defining productivity as a measure of the efficiency of the

production system, productivity becomes a characteristic of the pro-

duction system. The implication is that productivity is an organiza-

tional rather than an individual measure. Whereas performance appraisal

provides management with information on which to base.personnel deci-

Z3
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si.ons, productivity provides information at the organizational level re-

garding the efficiency with which organizational resources are being

utilized. Since there is definite need for information at both in-

dividual and organizational levels, and since performance appraisal is

an already established technique for individual appraisal, there is

strong justification for the use of productivity as an organizational

measure.

The physical and human resources used by a production system can

be further ciaesified as labor, capital, materials, and energy. These

four resource types are termed by the economists factors of production

and play a major role in contemporary economic theory. In order to de-

termine the comparative efficiency with which the system utilizes its

resources, productivity can be defined for each individual factor of

production considered separately and for all the factors of production

considered simultaneously. Thus,

Labor Productivity = 2_odstemOututt'oduced
Labor Used

Capital Productivity = System Output (products or services produced)
Capital Used

Materials Productivity = Output _(products or services produced)
Materials Used

Energy Productivity = System Output (products or services produced)
Energy Used

Total Factor Productivity = System OutpmyprodustuEsmicts_EITL2e111
Total mount of Resources Used

In this manner, it is possible to determine the productivity attributed

to each factor of production as well as the productivity resulting when

all factors of production are used simultaneously. It is worth noting

9
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that individual factor productivity need not equal total factor pro-

ductivity. Nor need all the individual factor productivity indicators

be necessarily equal.

System output is generally measured using one of three major

measurement units. Output may be simply measured by countihg the number

of physical units produced or by computing some aggregate total such as

pounds or tons produced, square feet or board feet packaged, total num-

ber of liters pumped, or other such physical measures descriptive of the

total amount of goods or services produced. Output may also be measured

by determining the dollar value of products sold or services rendered.

A variant is to measure output in terms of value added by the productive

process. Value added is defined as the dollar value of goods and/or

services produced less the cost of materials and contracted services

performed outside of the system. The resulting value is an estimate of

the increase in value of output aitributed to the producing system.

System input may also be measured in either physical quantity or

in dollar value. Measurement in terms of physical units is generally

preferred in that physical units represent a more direct measure of re-

sources used. However, there are situations in,which differences in

physical units preclude aggregation. A typical example is that of

capital productivity. Because of the differences in equipment and

machinery utilized, the most meaningful measure is to convert machines

and equipment to a common dollar base and to measure capital utilized

according to dollar value. A similar situation is likely to occur for

materials. The cost of materials consumed is used as a proxy measure

for the physical quantity.

1.0
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Outputs will generally have to be converted to a dollar value in

order to compute total factor productivity. Because of differences in

physical units, the measurement of total resources used will have to be

converted to dollars and the total factor productivity computed using

dollar units.

Measurement of productivity is susceptible to bias from several

major sources. Use of dollar value to measure either output and/or

input is a function of price as well as quantity. Because price is sub-

ject to inflationary pressure, an increase in dollar value may be due

totally or in large part to a price increase rather than an increase in

real output or in resources consumed. I effective price changes are

not controlled, productivity measures taken at different times are not

directly comparable since they would reflect price variablility as well

as changes in productive efficiency. The effects of price changes can

be controlled by maintaining a price series for the cutout and/or the

factor of production and deflating the dollar value of:current output or

input to a selected base year price. The deflated value of the output

and/or input would then represent the best estimate of the real value

independent of price changes.

Total number of hours paid for is frequently used as a measure

of resource utilization when computing labor prodvtivity at the nation-

al level. This measure is subject to several well-known sources of

potential bias. One source is the increased number of working hours

that are not devoted to producing goods and services. This results in

part from increased vacation time.and other perquisites that serve to

increase the nonproductive time spent on the job. Use of hours paid for

onserva, Inc.



as an indicator of labor contribution assumes that an hour worked is

equally productive regardless of the skills level. Thus, an hour worked

by an unskilled laborer is treated for productivity purposes as equiva-

lent to an hour's worth of work from a skilled craftsperson or profes-

sional employee.

Sources of bias exist in a measurement of product output as

well. Measurement of output in terms of the dollar value of products

sold may be influenced by market conditions rather than the contribution

of resources used. Similarly, a rise in labor productiviV, rather than

reflecting an increase in the contribution of labor, may instead result

from increased capital being provided to the worker. Conversely, a de-

cline in labor productivity may not necessarily signal a diminution in

the quality of labor. Such a condition might.arise from falling outputs

and an inability of employers to reduce the size of the labor force at a

corresponding rate.

An associated problem in the measurement of output is the diffi-

culty in assessing the contribution of indirect labor, i.e., labor not

directly involved in the immediate production of goods and/or services.

Problems in the definition of output have impeded efforts at establish-

ing productivity indices for management and supervisory workers as well

as for federal, state and local government employees.

Most of the currently available productivity statistics are col-

lected at the macro level. The Bureau of Labor Statistics measures

labor productivity in terms of dollar value of total output per hour of

employment paid for. This measurement, while useful as an indicator of

the productivity of the national economy considered as a productive sys-

.donserva, Inc.
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ten is subjedt to the major sources of measurement bias previously dis-

cussed. Although indicative of the productivity condition of the

national economy, this measure of labor productivity is frequently too

global to direct management efforts at productivity improvement at the

establishment and firm level.

THE BENEFITS OF PRODUCTIVITY IMPROVEMENT

The benefits accruing from productivity can best be understood

from the perspective of the firm level. Production costs result from

the firm's having to pay the price for the factors of production used.

Revenues resllt from selling goods and services. Profits are tradition-

ally defined as the difference between revenue and cost. Given this de-

finition, common sense indicates that profits will increase if product

revenue increases at a more rapid rate than product costs. Carl Thor

(1981) of the American Productivity Center has incorporated this notion

in the concept of total profitability which is defined as follows:

Total Profitability = Total Revenue = Product Quantity Sold x Unit Price

Product Cost Resource Quantity Used x Unit Cost

Alternatively, total profitability can be rewritten as:

Total Profitability = Total Revenue = Product Quantity Sold Unit Price

Product Cost Resource Quantity Used Unit Cost

= Productivity x Price Recovery

The implication of this relationship is that the total profit

picture of a firm is the function of 1) productivity and, 2) the ratio

of product price to resource price. This ratio is termed price recovery

onserva, Inc.
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and represents the amount of product price recovered per unit cost of

resources used. Price over-recovery is said to occur when a product

price increases at a more rapid rate than the resource price. Converse-

ly, product under-recovery is said to occur when the resource price

increases at a faster rate than product price. Assuming that productiv-

ity remains constant, short-term profitability will increase in the case

of price over-recovery and decrease in the case of price under-recovery.

As an example of the interaction of productivity and price re-

covery in determining total profitability, consider the following situa-

tion. A firm sells 40 units of a product at a u;it price of $3. Twenty

units of resources were consumed in producing the products at a unit re-

source cost of $5. The total profitability is, therefore,

Total profitability = 40 x $3 = 1.2
20 x $5

Suppose now the firm management undertakes to achieve profit growth by

adopting a price under-recovery strategy coupled with an active effort

to improve resource productivity. The firm lowers its per unit-product

price to $2.90 And sells 45 units. Twenty-one units of resources are

_quired to produce the product and, in conjunction with its price

under-recovery strategy, per unit resource costs are increased to $5.18.

Accordingly,

Total profitabllity = 45 x $2.90 = 1.2
2/ x $5.18

Total profitability remains the same in both cases. That is,

the firm continues to receive $1.20 in revenues for every $1 of cost ex-

111M .11=1110...11 Conserva, Inc.
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pended. However, profit as the difference between product revenues and
<

product costs has increased from $20 to $21.72--a gain of nearly 9 per-

cent.

An interesting point is that profit increased at the same time

that resource costs were increasing. Resource costs increased from $5

to $5.18, which reflected a gain of nearly 4 percent. Since resource

costs arise from a charge for the use of resources, this increase in re-

source costs represents an increased return to the factors of produc-

tion.

The reason why both profit and return to the factors of produc-

tion show an increase rests in the interaction between productivity and

price recovery. Price recovery declined from $3/$5 = .6 to $2.90/$5.18

..56. All other things equal, a decline in price recovery would have

resulted in a decline in the profit position. However, this decline

was offset by rising productivity. Total factor productivity increased

from 40/20 . 2.0 to 45/21 . 2.14. This rise in productivity was suffi-

cient to offset-the reduction in price recovery and provided the margin

that supported both an increase in profits and an increased rate of re-

turn to labor and capital.

Had the firm undertaken a strategy of price over-recovery, a

different set of outcomes could be hypothesized. Increased product

Prices may well have resulted in fewer units of products being sold,

thus decreasing revenues. Unused capacity and/or difficulties in ad-

justing the size of the labor force would likely cause decreases in

total factor productivity. If productivity fell at a more rapid rate

than the price recovery ratio was increasing, the overall result would

16
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be a decline in total profitability. The implication is that, in many

situations, a reduction of price recovery resulting from a decrease in

product prices and/or an increase in resource costs are conducive .to

productivity gains with resulting benefits in, the form of increased

profits and returns to labor and capital.

Whereas the example is at the firm level, the principles gen-

eralize to the national scene. In a capitalistic society, economic

growth is dependent upon the ability to show a profit. As the example

indicated, productivity is the key to profitability. Without the abil-

ity to produce more products through the improved utilization of re-

sources, total profitability cannot be maintained. Since total profit-

ability is the determiner of economic growth, productive use of scarce

resources is of critical urgency. In order to maintain the margin of

profitability and to provide for increasing returns to the factors of

production, increased demand must be satisfied through the use of pro-
. ,

portionatety less resources. This is the heart of the productivity

challenge.

Productivity is the chief free market weapon in the fight

against inflation. In the absence of productivity growth, firms are

forced to adopt a price over-recovery strategy. Although beneficial to

profit in the short run, this strategy has long-term deleterious effects

in that it exerts inflationary pressure on the economy. Dependency upon

changes in price recovery rather than changes in productivity to achieve

changes in the profit picture place upward pressures on the price struc-

ture. As product prices are increased, there is corresponding pressure

to increase resource prices, thus triggering a wage-price spiral. En-

hanced productivity an the other hand, is noninflationary in that it

onserva, Inc.
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represents an increase in real output that can be used to offset corres-

ponding decreases in the price recovery ratio. As shown by the example,

total profitability can be maintained and the return to labor and capi-

tal increase while at the same time product prices are held constant or

reduced .E,ic.lest that productivity shows a compensating gain.

International trade is coming to constitute an important sector

of demand'. If our economy is to compete for this important market, it

must be priced competitively with other foreign suppliers. This means

that American firms must increasingly turn to pricing under-recovery as

the source of profit growth. Success in international markets will de-

pend in large part upon our ability to supply quality products at a com-

petitive price structure. The capability to maintain profitability and

competitive pricing will depend upon the extent to which productivity

can be depended upon to give us the competitive edge.

The standard of living for society flows from the stock of goods

and services that the economy is able to produce. The more goods and

services (cars, stereos, clothing, medical care), the higher the

standard of living. The capacity of a society to provide an increasing

array of goods and services for its members is a direct function of the

efficiency of its resource utilization. To the extent that more can be

produced with proportionately less resources, the standard of living

will increase. Productivity improvement, as illustrated in the example,

supplies the critical edge that allows for increased returns to pro-

ductive resources in terms of wages, rent and interest.

Quality of life reflects a subjective judgement of the ability

of society to satisfy personal needs. The capability of a society to

--Conserva, Inc.
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provide a satisfying environment for its inhabitants is a function of

both the effectiveness and the efficiency with which resources are used.

Since productivity deals only with efficiency, its contribution to qual-

ity of life is bounded accordingly. However, effectiveness and effi-

ciency are interrelated to the e;:tent that resources must be efficent-

ly used in order to be truly effective. Since quality of life is an

evaluation of the effectiveness of society in achieving its goals, pro-

ductivity makes its contribution to the achievement of selected goals

through improved efficiency of resource utilization towards achievement

of selected ends.

Equality of economic opportunity has become an avowed national

purpose. Productivity contributes to this end by promoting economic

growth and an enhanced standard of living. Economic growth requires

increased resources needed to supply an expanding pool of goods and ser-

vices. The increased demand for resources translates into increased

economic opportunity for disadvantaged segments of the society. As the

stock of real outputs produced by the society increases, so does the

amount available to all segments.

THE PRODUCTIVITY PROBLEM

Labor productivity as measured by output per employee hour is on

a downhill slide. The extent of this decline can be determined by ex-

amining the annual rates of productivity growth. Annual percent changes

for the private business sector for the years 1948-1981 are given below:

1948 - 3.8% 1965 - 3.8%

1949 - 1.6% 1966 - 3.2%

1950 - 7.9% 1967 - 2.0%

1951 - 2.8% 1968 - 3.3%

1952 - 2.8% 1969 - 0.2%

--Conserva, Inc.
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1953 - 3.1% 1970 - 0.7%

1954 - 1.6% 1971 - 3.6%

1955 - 4.0% 1972 - 3.5%

1956 - 1.3% 1973 - 2.7%

1957 - 2.8% 1974 - -2.3%

1958 - 2.5% 1975 - 2.3%

1959 - 3.2% 1976 - 3.3%

1960 - 1.6% 1977 - 2.1%

1961 - 3.1% 1978 - -0.2%

1962 - 4.5% 1979 - -0.3%

1963 - 3.8% 1980 - -0.2%

1964 - 4.0% 1981-- 1.0%

Source: Bureau of Labor Statistics data as presented in a Statement of

the Chamber of Commerce of the United States on Productivity presented

to the Subcommittee on the Senate Committee on Labor and Human Rela-

tions, April 2, 1982.

This series covers four rather distinct time periods. The dec-

ade 1948 to 1958 reflects the emergence from World War II. The period

1959 to 1968 roughly corresponds to a guns-and-butter effort to engage

in the Viet Nam war abroad and the War on Poverty at home. The period

1969 to 1973 was one of internal stress as resistance to the war in-

creased and mounting inflation signalled the country's inability to wage

war on both fronts. The years 1974 to 1981 saw increasing foreign com-

petition, double-digit inflation and a stagnating economy. As noted in

the following statistics, average annual productivity growth declined

precipitously during this latter period.

Average Annual

Years Productivity Growth

48-58 3.1%

59-68 3.3%

69-73 2.1%

74-81 0.7%

Source: Bureau of Labor Statistics data.

19
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For the period 1974 throuya 1981, productivity exhibited an absolute

decline in four out of the eight years. For three consecutive years,

the average American worker produced less per hour worked at the end of

the year than at the beginning.

Examination of outputs and hours employed as separate components

provides additional insight into the productivity decay.

Years Avera e Annual Growth Average Annual Growth

in Outputs in Hours

48-58 3.2% -0.1%

59-68 4.6% 1.4%

69-73 3.7% 1.5%

74-80 2.2% 1.6%

Source: Bureau of Labor Statistics data

Rate of growth in output peaked during the period 1959-68 and then ex-

hibited a steady decline. In contrast, number of hours employed showed

a steady rate of increase from 1959 on. Thus, with outputs growing at a

diminishing rate and hours employed growing at an increasing rate, pro-

ductivity fell accordingly.

The fall in productivity signaled the economy's inability to

convert increased hours of employment to corresponding increases in real

output. With declining productivity, compensation per hour rose as

wages followed price increases.

Average Annual Increase In
Compensation Per Hour

48-58 - 5.7%

59-68 - 5.0%

69-73 - 7.1%

74-80 - 9.1%

Source: Bureau of Labor Statistics data

onserva, Inc.
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Unfortunately for our economic health, as the increase in compensation

per hour accelerated, productivity growth stalled. The corresponding

disparity between rates of compensation and productivity growth exerted

upward pressure on unit labor costs. Examination of available data re-

vealed a dramatic escalation.

Average Annual Increase in
Unit Labor Costs

48-58 - 2.4%
59-68 - 1.7%

69-73 - 4.8%
74-80 - 8.5%

Source: Bureau of Labor Staatistics data

With no productivity buffer to absorb increased labor costs,

these costs could be expected to be passed on in the form of increased

prices. Examination of the Consumer Price Index for the corresponding

period showed a remarkable correspondence between rates of increase in

prices and labor costs.

Average Annual Rate of Increase
of the Consumer Price Index (CPI)

48-58 - 2.4%
59-68 - 1.9%
69-73 - 5.0%

74-80 - 9.3%

Source: Bureau of Labor Statistics data

Increasing prices cause corresponding pressures for wage increases

which, in the absence of sufficient productivity gains, are translated

into another round of corresponding price increases. Unfortunately,

increases in worker compensation io a period of rising prices result in

negligible gains in real wages. Without corresponding gains in produc-

tivity, the real return to factors of production can be expected to con-

tinually erode.

411. Conserva, Inc.
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The United States is not alone in its productivity dilemma.

Comparison of productivity trends for other major industrial nations

shows the same downward pressures.

Average Annual Productivity Rates

Country 1960-73 1973-80

United States 3.4% 1.3%

Canada 4.7% 1.5%
Japan 10.5% 6.4%

France 5.8% 4.4%

West Germany 5.5% 4.5%

United Kingdom 4.3% 1.6%

Italy 7.3% 3.8%

Source: Recent Productivity Trends in the U.S. and Japan. Bureau of

Labor StatiStics, 1982.

Although the United States is currently experiencing the slowest

rate of productivity growth of the major industrialized nations, it re-

mains the leader in absolute productivity. Relative productivity for the

major industrial countries using the United States as a standard indi-

cates that the United States has the lead position, but that other coun-

tries are closing rapidly.

Country Relative Productivity_for 1980

Japan 68.4

West Germany 88.7

Italy 60.6

France 89.4

Canada 92.1

United Kingdom 60.8

United States 100

Source: Bureau of Labor Statistics data reported by the United States

Chamber of Conmerce, 1982.
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Given the continued disparities in the rates of productivity growth,

the United States stands a good chance of relinquishing its premiere

position in absolute productivity within the next four to six years.

Considering the emerging eminence of Japan, it is worthwhile to

compare the relative productivity groWth rates of the two countries.

Average Annual Change

Years Capital Labor Energy Materials Multi-Factor

Productivity Productivity Productivity Productivity Productivity,

1965-
U.S. Japan U.S. Japan U.S. Japan U.S. Japan U.S. Japan

1973 -0.49 -4.0 2.45 11.08 0.05 1.49 -0.13 1.0 0.54 0.79

1974-

1978 -1.98 -0.15 1.83 5.42 -0.71 3.27 0.00 1:1 .33 1.43

Source: Recent Productivity Trends in the U.S. and Japan, Bureau of

Labor Statistics, 1982

In nearly every comparison, Japan exceeds the United States, both in

growth of individual factor productivity as well as total factor pro-

ductivity growth. An interesting point of comparison is that for both

the United States and Japan, capital productivity declined over the

period 1965 through 1978. For the United States, this decline in cap-

ital productivity accelerated more than four-fold, whereas in Japan the

decline in capital productivity decelerated during the period 1974-78.

The intriguing question is how Japan can maintain its industrial

momentum with decreasing capital productivity. The answer seems to be

that increases in productivity of other factors of production compensate

sufficiently so that Japan achieves a small but positive multi-factor

2,3
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productivity increase. The most notable difference between the U.S. and

Japan is in the area of labor productivity with the Japanese posting a

considerable advantage. Japan has also managed to show an increase in

energy productivity during the period 1974-78 in the face of mounting

energy shortages. The U.S. during that sdme period of time experienced

declining energy productivity. The U.S. was able to reverse a decline

in materials productivity but fell far short of the Japanese record.

When compared against the multi-factor productivity, the. U.S. experi-

enced a 38 percent decline in comparison with an 81 percent increase for

the Japanese economy.

2,1
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CHAPTER II

TECHNOLOGY AN^ THE PRODUCTION PROCESS

Technology is the great arbitrator of work. It is technology

that specifies how capital goods can be used by workers to convert raw

materials into finished products. It is technology that determines the

range of human skills and abilities necessary to use the capital goods

as production tools. It is technology that specifies the appropriate

materials for which the tools can be used and the energy required for

their up.

As with productivity, technology is most meaningfully understood

A

within the context of a production system. In this context, technology

then can be regarded as the process used by a production system to con

vert resource inputs into product outputs. The process or rule for

translating human and/or physical resources into outputs of goods and

services is the essence of what is meant by technology. In economic

terms, the process whereby the factors of production (labor, capital,

materials and energy) are converted into output is referred to by the

economists as the production function and can be expressed as:

Technology Production Function . F(labor, capital, materials. energy)

Technology, considered as a production function, constrains the

way the factors of production combine to produce an output of goods

and/or services. For example, technology as process determines the

unique contribution of each factor of production with the other factors

held constant and determines the impact of substituting one factor for

another. Factor substitution occurs when one factor, such as capital is
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used in increasing amounts as a substitute for another factor such as

labor. The important point is that it is the current technology that

determines how the factors are interrelated and the relative output con-

tributions of each factor.

Suppose now that an increase in the output of the work system

was observed even though all factors of production were held constant.

The only way this could occur would be for the production function it-

self to change. Since technology is equated with the process of pro-

duction, this is defined as a technological change. Technological

change occurs when efficiencies in the production process allow for

increased output without the necessity for more input resources to be

used. Thus, if a change in output accrues from training workers to work

smarter but not harder, then a technological change can be said to oc-

cur, provided that the increases resulted from more output per unit of

labor expended rather than more units of labor being expended (working

harder). In a similar manner, technological change can result from any

alteration in the production process that results in more output per

unit of factors of production used.

The rate and intensity of technological change is determined by

the product development cycle. As technical knowledge produced by re-

search and development makes new products possible, firms seek to find

markets where these products will fill a designated need. In the early

stages of market development, firms seek to maintain flexibility in

their productive processes to allow for product alterations that will

better serve market demands and improve the firm's competitive position.

Flexibility in the production process is sought to enable firms to mod-

26
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ify the product or to produce a mix of similar products in those cases

of specialized demand. The best example of production geared for pro-

duct flexibility is that of the "job shop." This operation is set up to

enable rapid shifts of the production process to produce a variety of

products upon demand. At the extreme is the custom shop which may have

the productive flexibility to produce a completely unique product.

As demand for the product increases, firms are forced to make a

trade-off between flexibility and efficiency. To maintain competitive

pricing, increased numbers of products will have to be prOduced and pro-

duction efficiencies realized in order to lower unit product costs.

Since there are fixed costs associated with setting up, scheduling and

materials handling, larger production runs are required to absorb these

costs. Longer production runs make it more feasible for companies to

acquire more specialized pieces of equipment. This specialization, in

the quest for more cost-effective techn.plogy, serves to reduce produc-
.

tive flexibility and lode the firm more closely with specific product

lines and associated technologies. For those high volume demand pro-

ducts, the natural progression of technological change is towards hard

automation of the production process and continuous production flows.

As the technology solidifies into a continuous production process, the

firm's capabilities to shift products diminishes markedly as it becomes

increasingly more expensive to change the institutionalized technology.

Increased investments in fixed capital in the form of dedicated machin-

ery and equipment result in highly efficient, but extremely inflexible

production technology. This explains why it is estimated that expen-

ditures in the neighborhood of $150 billion will be required to in-

27
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crease the fuel economy of U.S. cars to levels expected by 1990 (Nation-

al Productivity Review, Winter, 1981-82).

Periodically; significant advances in knowledge are achieved and

embodied either in the form of new materials or capital goods. Typical

examples are rayon, which was first introduced as a light filament; the

transistor, which initiated the electronics boom; and the jet aircraft

engine, which has replaced piston engines in commercial aviation. These

product innovations represent such a drastic departure from conventional

modes that organizations, in order to survive, must alter their technol-

ogy. Production functions that differ in form are termed technolo ical

innovations, and are to be differentiated from technological changes.

Whereas technological change is associated with incremental evolutionary

changes in the production function and format, technological innovation

signals a discrete shift from one form of production function to an-

other. These dramatic shifts in technology serve both to create new

business and to undermine existing investments. New firms spring up as

market niches are created by increasing applications of the process in-

novations. Established product lines are threatened and eventually

forced to give ground as the new technology becomes increasingly widely

used. According to German economist Gerhardt Mensch, innovations ap-

pear in bursts. The reason, he explains, is that the innovations lie

around on a shelf until there is sufficient venture capital accumulated

to deveIpp them into marketable materials and/or products (Wall Street

Journal, June 4, 1981). Thus, whereas technological change is evolu-

tionary and tends to be cumulative and focused, technological innova-

tions represent discrete breaks with the past and, as Mr. Mensch argues,

tend to occur in clusters throughout historY.

2 o
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MAJOR TECHNOLOGICAL INNOVATIONS

In order to convey the breadth and scope of the stream of tech-

nological innovations occurring today, attention will be directed to

four major technological innovations that will undoubtedly change the

face of American working life. These areas are provided to give a syn-

opsis and are not meant to provide exclusive coverage. For a further

description of the technologies that will likely impact vocational edu-

cation, the reader is referred to the series of papers entitled, "Tech-

nologies of the '80s: Their Impact on Vocational Education" (CONSERVA,

Inc., 1982). Technologies with significant impact for major vocational

education program areas are identified and their training implications

discussed.

Microprocessors

Microprocessors have been assigned to the lofty status of the

wheel, the combustion engine, and the light bulb as inventions that have

revolutionized society. The microprocessor has as its heart the micro

chip, a tiny piece of silicon with etched circuitry that can perform the

work of a hundred thousand vacuum tubes. These chips provide the com-

puter logic circuitry that enables the mass production of machine intel-

ligence and its application to a variety of commercial and consumer

uses. Microprocessors have found application in such diverse uses as

process controllers on industrial steam boilers, regulation of automo-

bile engine performance, transference of typewriters into highly

sophisticated word processors, controls for aiding ventilation and air

conditioning systems, controlling cutting heights and auger speeds in

29
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agricultural equipment, provision of automatic stitch control in sewing

machines, separa:ion of signal from noise in home stereo systems and an

untold variety of other applications.- Microcomputers, made possible by

micro chip innovations, have dramatically expanded information proces-
,I.

sing capabilities. In business, microcomputers are used for such tasks

as inventory control, payroll, budget allocation, to name but a few.

Over 275,000 microcomputers were sold in 1978 with more than 1.2 million

anticipated to be sold in 1982 (The Futurist, August, 1981,-page 6).

Future developments include the nano processor, which is a thousand

times more powerful than the microprocessor and expected to be available

within a decade. Following that is the pico processor, which is re-

ported to be one million times more powerful than our current units.

The stage is set for a technological explosion, the effects of which can

barely be conceived.

Robotics

The robots are coming and coming to such an extent that they may

create a new class of job--the steel-collar job. A far cry from the

humanized form of Hollywood movies, the industrial robot is essentially

a mechanical arm, fitted with a variety of fasteners and programmed to

reproduce repetitive motion cycles. The Robot Institute of America de-

fines a robot as

a reprogrammable, multi-functional manipulator designed

to move materials, parts, tools or specialized devices

. . . through variable programmed motions for the per-

formance of a Variety of tasks. (RIA News, Robotics To-

Spring, 1980, page 7).

The key factors that differentiate a robot from other special purpose

3u
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fixed type automation is that robots are considered to be reprogram-

mable, multi-functional, and variably programmed to perform a variety of

tasks. Robots are currently in use in a wide variety of industrial jobs

including spot welding, spray painting, die casting, loading and unload-

ing machine tools, stacking items on pallets and other strictly repeti-

tive tasks. Robots are best utilized in those tasks where repetitive

work motions are required and where objects to be manipulated occupy

fixed positions in the workplace. However, robots with rudimentary

sensing and feeling capabilities are currently being employed on a

limited basis and may be expected to take on a broader range of industr-

ial tasks within the next decade.

Currently there are some 4100 robots in use in the United States

(INC., June, 1982, page 68). According to some experts, by 1990 there

may be as many as 120,000 robots in use in the United States (The Wall

Street Journal October 26, 1981). There are currently over 30 U.S.

companies producing industrial robots. Sales have climbed from $35.5

million in 1978 to $155.5 million in 1981. By 1990, robot sales are ex-

pected to exceed $1 billion. Robots are prized because they can work

faster than humans and at a cost of less than $6 an hour. Besides that,

they can work three shifts a day, require no lunch nor coffee breaks,

are easily retrainable, and have an insatiable appetite for work.

CAD/CAM Manufacturing Systems

CAD/CAM is short for computer-assisted design (CAD) and

computer-assisted manufacture (CAM). The essence of a CAD system is the

use of a computer to perform the design functions. Through the aid of

computer graphics, a design of a product or a part is projected in a

3i
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perspective drawing on the computer screen. The designer can call for

different orthographic projections and the computer will display them

upon command. In addition to the flexibility provided to view the part

from different perspectives--up, down, sideways--the system allows the

designer flexibility to change a line contour or other aspects of the

design and then to view the total design implications of this change:

In addition to augmenting the graphic capabilities of the designer, CAD

systems also enhance the design evaluation function by computing a var-

iety of functions used to assess design efficiencies such as stress

factors, weight, metal traits, heat characteristics, drag coefficients,

and so forth. Once a design is selected, CAD systems facilitate parts

planning by providing a takeoff list of all component parts needed to

produce the design as drawn. This capability materially decreases the

time spent from the design of a product to parts specification and

materials planning stages.

Computer-assisted manufacture (CAM) refers to the use of com-

puters to control and/or coordinate metalworking machinery such as

drills, mills, lathes, punches, and machining centers.. A program is

prepared which designates fixtures, cutting tools and feeds and speeds

which are converted into general cutter path instructions. There is

nothing particularly new in using a computer to perform these functions.

What is innovative, however, is the linkage with the CAD system. In

this manner, the computer program for machining the part is produced

directly from the graphic design without the necessity of first con-

verting to punch tape as has been previously required. Thus, the CAD/

CAM system has linked, through the vehicle of the computer, the design
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and machining function with substantial improvements in performance ef-

ficiencies.

As a further innovation, computer-controlled metalworking

machines can be organized into machining centers and a robot utilized to

transfer finished products from one machine to the other. It is but a

short step to the integration of these machining centers into a total

computer-controlled manufacturing process. What is needed is a central-

ized buffer storage, a robotized materials handling system and a central

computer facility to control the manufacturing process. The central

computer would control the manufacturing process by establishing the

processing parameters, would record production data, turn machines on

and off, schedule the production runs and designate what changes in

machine tools would be required. All this could be theoretically accom-

plished without the presence of a single human being. Fully automated

plants are within the capability of today's technologies. Cincinnati

Milacron has a fully automated injection molding plant on its drawing

boards and anticipates that by 1990 software for a peopleless plastics

plant will be routine (Plastics Technology, September 19, 1981, page

74). The planning costs, due to improved computer technology, will make

feasible tomorrow what cannot be justified by today's economics.

The Office of the Future

Technology has come to the office. Rising office costs, esca-

lating at an estimated rate of 12 to 15 percent per year, are making

gains in office productivity imperative. Unless efforts are made to

contain office costs, firms run the risk of losing in the office the

33
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gains that they have made on the production floor. As with other areas,

computers have made and will continue to make substantial inroads into

improving office productivity. Addition of storage space and a micro-

processor control have converted typewriters into word processors.

Written material can be inputted, brought up on the screen, edited and

revised without the necessity of re-keying. Word processors are now

being connected via telecommunications into increasingly sophisticated

communication networks with materials being passed electronically from

one processor to another. Electronic mail now permits messages to be

placed in an electronic mail box and the computer used to retrieve these .

messages upon command. Micrographics--the process of transferring com-

puter output directly to microforms without the necessity of printed

outputs is the first significant step toward a paperless office.

Computer-aided retrieval (CAR) is facilitating the storage of data on

microforms since the computer can be used to locate specific documents.

Improved interfaces have allowed word processors to be connected to pho-

tocomposition equipment and material to be transmitted without the need

for re-keying. Materials can flow directly from the word processor to a

communicating copier and hard copy can be made directly. Telecommunica-

tion networks will soon make possible the interlinkage of all personnel,

thereby reducing the necessity for dealing with individual pieces of

paper. By substituting electronics for paper as the medium of com-

munication, a substantial contribution to rising office costs can be

eliminated.

3 4
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SKILLS IMPLICATION

These and other technological innovations on the horizon will

drastically alter the current patterns of skills requirments. The

automated workplace will offer little opportunity for those who do not

have the necessary knowledges and skills. New and emerging technologies

are shifting the emphasis from manual to mental skills. Instead of

'hands-on' experience, the new technologies will necessitate 'heads-in

ability.' Well-trained hands will pale in importance as the emphasis

shifts to well-trained minds.

The range of occupations influenced will be monumental. The ac-

celerated shift to more automated work processes is expected to influ-

ence some 45 million jobs--nearly half of the labor force in the near

future. It is within the realm of distinct possibility that robots

could replace 4 million jobs out of a current 19.7 million before the

turn of the century (National Productivity Review, Winter 81-82, page

54).

Production magazine conducted a delphi survey of experts knowl-

edgeable in production management. Their consensus was that by 1990, 80

percent of in-process and finished inventory would be computer control-

led with programmable devices replacing 50 percent of direct labor in

many applications. These experts went on to speculate that current

technological innovations would require about 50 percent of the work

force on the shop floor to be engineers or technicians (Production,

April 1980, page 81). The skills requirements of machinists were pro-

jected to be reduced because of increased skills being designed into

computer-controlled machines. An understanding of computers was
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conside.ed necessary in order to work with microprocessor-controlled

machinery. Maintenance personnel were anticipated to require a greater

familiarity with computers and electronics. Skills levels were expected

to diminish due to increased use of modular components where repair

would consist of making a black box change. Tool and die-making was

seen as requiring more math, physics and chemistry background, with

workers being more skilled in decisior making and problem solving than

current job incumbents. Future tool and die makers will be regarded

more as technicians than as production employees.

Adoption of technological innovations will have both a direct

and an indirect impact on human skills requirements. The net effect of

most technological advancements is to incorporate operator skills into

the equipment design. This tendency is materially escalated by the

increasingly rapid introduction of smart machines. These machines are

smart in the sense that they have the capacity for improved monitoring,

processing of information and decision making. Automation of existing

Jobs means that these functions are increasingly being transferred to

machines with the resulting de-skilling of the job for the human opera-

tor. In some instances, capital is used as a complete substitute for

labor as in the case where a robot welder replaces a human welder.

Not only does technology influence the job content and corre-

spondingly the job skills, but also the workplace organization as well.

By changing the skills mix of various jobs, technology alters status,

power and communication relationships which are the cement that holds

organizations together. A typical example is provided by the intro-

duction of electronic switching systems in central telephone offices.
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Instead of switching calls by electro-mechanical process, telephone

calls are switched electronically. The process is controlled by a cen-

tral computer that directs telephone traffic at a rate of 150 calls per

second. The process is largely self-monitoring with computers doing

much of the troubleshooting and diagnostic work. Since there are no

moving parts, there is no need for mechanical repair service. Increased

efficiencies make it possible to do the same amount of work with half as

many people. Whereas the job was traditionally performed with skill-

switching technicians who had a great deal of local autonomy and mobil-

ity, computers have transformed the job into monitoring a video screen.

The monitoring and repair functions of the switching technician have

been centralized and as a consequence, the technicians operate from

banks of video display terminals by which they keep watch over the sys-

tem. Technicians' jobs have been downgraded to the extent that many of

them no longer fix malfunctioning lines themselves, but rather spend

their days monitoring the computer screen. Work assignments are re-

ceived over the video screen and as each technician completes his/her

work, the time taken to complete the work is entered into the terminal.

As a result of the technology, the total workplace has been transformed

with the previous autonomy of switching technicians being replaced by

rows of computer operators locked to their terminals (Working Papers,

November/December 1980).

Others see a brighter picture. Telecommunication networking al-

lows computers to be dispersed across greater distances. The ability to

perform work without the necessity of being in close physical proximity

has the potential of altering the entire employment function. Instead

37
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of firms having employees, their relationship could shift to that of
'JP

contracted employment where workers contract to perform those tasks and

duties for which they have the most skills, interest and abilities.

This increased flexibility made possible by the computer and the capa-

bility to address central data banks from remote locations has the pos-

sibility to alter the organization of work as we now know it. Work per-

formed by a myriad of independent contractors would require a totally

different organizational Ttructure and make the current concept of

supervision and motivation obsolete. Whether the computer will ulti-

mately result in work organizations that permit greater human freedom

and dignity, or whether they will create more demanding, intensified and

stress burdening jobs remains for the future to resolve.

While technology frequently has the direct effect of de-skilling

jobs, the indirect effett is to create new jobs with higher skills re-

quirements. As Eli S. Lustgarten, a student of industrial robotization,

puts it:

Retraining is the major social problem created by rapid

robotization, not unemployment. The jobs created by

widespread use of robots and unmanned manufacturing--

progranmers, technicians, engineers--for the most part

require a high degree of technical training. Massive

training programs will be needed to prevent the creation

of an oversupply of workers whose skills have become ob-

solete and simultanteous shortages of engineers and

technicians (The Washington Post, Friday, January 7,

1982, 0-10).

The initial effect of new technology is to have the technical

aspects performed by engineers. As the technology becomes more wide-

spread, the demand for technical skills increases, and engineering

shortages escalate, the responsibilities will shift to technicians.
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Thus technology will tend to have a wedge effect on the distribution of

job skills. Some skills will be displaced downward, resulting from the

assumption of skilled operator tasks by the machine. New skills re-

quirements.created by the introduction of the technology will generally

be at the engineering and technician levels. Greater premiums will be

placed on mathematics, science, and computer programming knowledges and

the ability to apply these knowledges in diagnostic and problem-solving

situations necessary to extend the technology to creative applications.

39
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CHAPTER III

EXTERNAL FORCES TO BE RECKONED WITH

The outcome of the quest for productivity gains will be decided

on the shop floor and at office desks. The extent to which quality re-

sources are available and a management climate in place that is sup-

portive of their use will make the critical difference. Vocational

education can neither perform the work directly nor can it ensure the

existence of a favorable management climate. Vocational education can,

however, play a significant role as an intermediary. In this role,

vocational education can exert an important influence on both the quant-

ity and quality of human capital. Vocational education can impact upon

management climate through the training of future managers, and super-
.

visors and workers and by serving in a consultive capacity to present

management.

Facilitation of productivity through an intermediary role re-

quires that vocational education be cognizant of forces impacting on our

current productivity position. Many of these forces are the aggregate

results of individual worker and managerial actions. These individual

actions collectively cumulate and swell to the level of a major force

for change. Since these forces emanated from individual actions, they

can ultimately be controlled by individual acts. It is the responsi-

bility of vocational education to understand the nature of these forces

for change and to intervene at the grassroots level to alter their

course. It is the purpose of this chapter to examine some of these

major forces and to explore their significance for productivity improve-

ment.

+=1,
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THE THIRST FOR CAPITAL

There is near universal agreement that the lack of capital has

been one of the major causes-of productivity decline. As Lester Thurow,

a noted expert on productivity states,

The amount of equipment per worker--the capital-labor
ratio--is a key ingredient in productivity growth.

Better-equipped workers can produce more output per

hour, but new capital is also a carrier of new technol-
ogies. To put new, more productive technologies to
work, workers must be provided with the equipment that
embodies these new technologies. Without this addition-
al hardware, or 'physical capital' it is impossible to
translate new knowledge into new input (Technology Re-
view, November/December 1980, page 45).

A measure of capital available to the employed work force is provided

by the capital-labor ratio. This ratio indicates the amount of net

capital per employed worker. Other things being equal, a rapidly rising

rate in the capital-labor ratio indicates increased capital investments

in new technology and automation which should be expected to result in

productivity gains. When analyzed over the same four time periods used

to assess productivity performance, average annual rates of increase in

capital-labor capital ratio show the same downward tendencies.

Avera e Annual Increase
in t e Capital-Labor Ratio

Years
48-58 - 3.4%
59-68 - 2.1%
69-73 - 2.6%
74-80 - 1.3%

Source: U.S. Department of Commerce data as reported in the United

States Chamber of Commerce Statement on Productivity, op. cit., 1982.

onserva, Inc.



36

As a result of its definition, changes in the capital-labor

ratio can be due to changes in capital investment and/or in the numbers

of employed workers. Examination of the data indicates:.

Years AverIntaseArowthRate Avera e Annual Increase in

TifirtretCitiffirStder-C mp oyment

48-58 4.51 .4%

59-68 4.3% 1.6%

69-73 4.4% 2.0%

74-80 3.2% 2.2%

Source: U.S. Department of Commerce and U.S. Department of Labor, 1982.

As shown, the rate of net capital formation has dropped

significantly since 1974. Several explanations can be offered.

Increases in the purchase price have made new capital relatively more

expensive and have acted to encourage the substitution of labor for

capital. The purchase price of new capital equipment relative to wages

and fringe benefits decreased only 0.7 percent per year during the

period 1972-78 in comparison with a 2.7 percent per year drop from 1948

to 1965 (Thurow, 1980). A second factor accounting for a drop in

capital investment is the surge in energy prices that occurred during

this period. Throughout most of the industrial development of America,

capital had been substituted for labor in increasing amounts as

evidenced by a steady rise in the capital-labor ratio. Energy

shortages, however, have served to curtail pressure on capital

expansion. Since capital requires large amounts of energy, rising

energy costs have made capital more costly. As a result, the rate at

which new capital has been acquired has declined.

While net capital investment grew at a constant and then de-

clining rate, the rate of work force growth increased more than five-
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fold. The implication was not that Americans were not investing, but

simply that they were not investing rapidly enough to equip each new

worker added to the work force with a constant share of capital. Energy

shortages, by making capital more expensive, have contributed to the ac-

celeration of work force growth. As Dale Jorgenson, Harvard University

economist argues, rising energy prices cause producers to cut back on

amount of capital. Because energy and labor appeared to be fairly good

substitutes, rising energy prices tend to increase the demand for labor

(Business Week, June 1, 1981).

Restricted growth in the formulation of new capital has an im-

pact on the quality of existing capital. Statistics indicate that the

average age of plant and equipment in the United States is 16-17 years

in comparison to 12 years in West Germany and 10 years in Japan (Con-

gressional Hearings, November 4, 1981). In a Survey of the U.S. stock

of machine tools, Productivity magazine (January 1980) found that 34

percent of the United States' stock was over 20 years old while only 31

percent was less than 10 years old. This compared with Japan which had

18 percent over 20 years old and 61 percent of their stock under 10

years old.

Savings represent a significant source for investment funds.

However, America tends to be a consumption-oriented society with less

proclivity to invest in long-term capital acquisitions. Americans save

barely 5 percent of. the Gross National Product in comparison with the

Japanese who save nearly 1/3 of their Gross National Product each year.

Whereas Americans tend to invest about 11 percent of their Gross Na-

tional Product in nonresidental fixed investments, the Japanese invest
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on the average a quarter of their annual Gross National Product in the

private sector (Congressional Hearings, November 4, 1981); Inflation

and easy credit has conditioned the American buyer to consume now and

pay later with dollars of diminished purchasing power.

FOREIGN TRADE--OUR SHRINKING SHARE

In the area of foreign trade, the United States is in the pro-

cess of moving from being a net exporter to a net importer in major

categories of industrial output. ^As shown by a study recently conducted

by the Department of Labor of the top 17 U.S. export commodities, losses

in the world market were experienced in 14 of the commodities between

1962 and 1979. By 1979, the U.S. trade position had deteriorated such

that market losses had been experienced in all 17 of the top export com-

modities. (Congressional Hearings, December 1980 and January 1981).

The report attributed the decline in U.S. international competitiveness

to changing supplies of world resources and diminished technological

capabilities. The rate of growth of the capital-labor ratio, a measure

of the amount of capital available per worker, declined to such an ex--

tent that the United States fell from first to sixth in terms of capital

available per worker. The United States' share of world capital fell

from 42 percent in 1963 to 33 percent in 1975. During the same time,

Japan doubled its capital from 7 to 15 percent of the world's share. As

the U.S. stock of physical capital fell, so did its human capital. Ac-

cording to Department of Labor analyses, the United States fell from

second to seventh in terms of percentage of skilled workers in the labor

force--with the U.S. share of skilled workers falling from 29 percent to

26 percent. (Congressional Hearings, December 1980 and January 1981).

1
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In addition to competition from the major industrialized nations

of the world, the United States is experiencing competition from the

rapid industrialization taking place in developing Third World coun-

tries. More and more products are coming into this country with the

label: Made in Braz 1, Mexico, Taiwan, South Korea, Singapore, India,

or a host of other nations. Some of these nations, particularly Brazil,

Mexico and India have a broadly diversified industrial base and are

showing strong competition with the United States in the areas of tex-

tiles, apparel, shoes, standardized consumer electronics, steel prod-

ucts, standardized machinery, ships and automotive components (Hill and

Utterback, 1979). Many of the developing Third World countries have a

large pool of unskilled and semi-skilled labor willing to work at a

fraction of the wages paid in the United States. The result is that

these countries have a competitive advantage in products that are "highly

labor intensive. Because of this competitive advantage and in the abs-

ence of imposed trade barriers, these countries are and will continue to

capture a growing share of the world market including the U.S. domestic

market. In recognition of this advantage, many U.S. companies are mov-

ing their production capacities offshore to taWe advantage of lower

labor costs. The obvious result is to reduce the opportunities for

American workers. Because of the nature of the skills being withdrawn,

these lost opportunity costs will fall most heavily upon the disadvan-

taged, minorities and women.
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A SEGMENTED ECONOMY

The American economy is frequently referred to as though it were

a single unitary entity. This notion is reinforced by references to the

singularity of the economy in terms of economic growth, needs and out-

puts. In a classic example of informed journalism, Business Week per-

suasively argues that whereas there is one country, there are five sepa-

rate economies each with different growth of outputs, employment, in-

vestments and profits and each being driven by separate forces and run-

ning according to new rules (Business Week, June 1, 1981, pp. 56-59).

The five sectors of the segmented economy are represented by energy,

agriculture, high technology, serVices, and old-line industries.

SAgmentation was projected to be a continuing condition with the sectors

competing for increasingly scarce resources and survival depending upon

their competitive advantages. Those firms that were in a position to

reduce their energy costs will be in a favored position. Finms will

increasingly turn to capital as a means of improving their cost posi-

tion. There will be prolonged periods of capital shortage with capital

shifting from the low growth sectors to those that promise more return.

Not all sectors will emerge from the decade of the '80s as win-

ners. High technology is in a favored position and is projected to be

IS
go 0 . the unquestioned leader in growth of real output, productivity

and employment . . . ." (Business Week, op. cit., p. 74). The quest

for new and approved technologies is expected to be relentless as firms

seek improved cost positions.

The service sector will shine in the 1980s as services move to
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the forefront of economic activities. In 1950, nearly one out of three

non-agricultural workers was employed in manufacturing, and only one out

of eight employed in services. By 1980, only 22 percent of the non-

agriculture workforce was in manufacturing as opposed to nearly 20 per-

cent in services. In terms of percent change in employment for the

three-decade period, manufacturing increased a scant 33 percent in con-

trast to the 233 percent increase for services (Riche, October 1981).

The shift is being experienced both in international as well as domes-

tic markets. While we are becoming a large net importer of manufac-

tured goods, the United States now exports about $60 billion worth of

services a year. This qualifies the United States as the largest ex-

porter of services in the world, exporting nearly 25 percent of the

world's service base (Presentation of Dr. David L. Birch to the Council

of Upper Great Lakes Governors, March 5; 1982). Services have an

important but little-noticed role in goods-producing activities. It has

been estimated that this massive hidden service sector accounts for more

than 3 million of the 3.6 million increase in total manufacturing jobs

from 1948 to 1978 (Business Week, op. cit., page 82). This lirge hidden

service component results from the large number of occupations that do

not directly involve production, i.e., computer programmers, maintenance

engineers, management, security, and a host of others. A growing ten-

dency will be for goods producing firms to farm out responsibility for

their service activities. Companies specializing in such activities as

food services, security, janitorial services, and other business

services are expected to thrive and to increase the productivity of the

service sector by increased use of management techniques such as

scheduling, inventory control and other managerial skills augmented
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through the use of computers. Data Resources, Inc. predicts that the

biggest growth areas in services will occur in air carriers and related

services, motor freight, real estate, business services, hotels and

lodging places, printing trade services, radio and T.V. broadcasting,

water transportation and related services and residential maintenance

and repair. Taken together, the service sector will provide much of the

economic impetus with two out of every three employed Americans working

in a service-related capacity (Business Week op. cit., p. 95).

The more mature industries--those industries that once used to

be the mainstay of the American economy--are facing a bleak future.

Manufacturing now employs less than 1/3 of the non-farm workforce. Many

plants stand idle or are running from 70 to 80 percent capacity. Invest-

ment is growing but output per investment dollar is shrinking due to a

declining growth in output. In an effort to reverse the trend, basic

manufacturing is undergoing a massive reorganization. Obsolete equip-

ment is being replaced and antique plants being closed. Since 1973, 23

U.S. tire plants have closed 4Business Week, op. cit., page 86). Man-

ufacturing industries are divesting themselves of holdings acquired dur-

ing the acquisition-oriented period of the 70s. To overcome their low

growth potential, basic industries are turning to labor-saving equipment

and are making substantial capital investments. Since 1970, textile

manufacturers have invested some $11 billion in capital improvements

such as new plants,technology, robots and computers, with the investment

in 1981 topping the $1.6 billion mark. As a result, productivity has

increased in the textile industry at a rate four times faster than the

national average (Plastics Technology, September, 1981, page 71).
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Sectorial differences in growth are also related to regional

geographic location. Basic manufacturing industries are located in the

northeast crescent anchoredby St. Louis on one end and Boston on the

other. The fact that not all sectors of the economy are equally rep-

resented in all geographic locations will have significant repercus-

sions on the regional distribution of jobs, capital and income. Em-

ployment growth by regions differs substantially. Job growth for the

Rocky Mountain and Southwest regions is projected to gm by some 35 and

31 percent, respectively, in comparison with a 15 percent growth for New

England and less than 11 percent growth far the Mideast section of the

country. The differences are even more pronounced when compared on a

state-by-state basis. Employment in Wyoming is projected to experience

a 45 percent growth rate during the decade of the 805 and Texas a 30

percent growth rate in comparison with 11 percent projected for Penn-

sylvania and less than 6 percent for New York State. Of the 13 states

expected to experience the greatest absolute increase in employment over

the 1978-1990 period, three states--California, Texas and Florida--

account for nearly 50 percent of the employment growth in these top-

ranked states. One out of every four new jobs to be created in this

country during this decade can be expected to be located in either Texas

or California. One out of every ten jobs will be in Texas alone (Con-

gressional Record-Senate November 12, 1981). During the decade of the

70s, factory jobs in the Northeast and the Midwest declined while

increasing by 25 percent in the South and West (Business Week, op. cit.,

p. 62). This trend was paralleled by construction which showed less

than a 3 percent increase in the Northeast and Midwest as opposed to a
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whopping 55 percent increase for the South and West. The same disparity

holds for capital which was being accumulated at a rate -2-1/2 times

faster in the South and West than in the Northeast and Midwest. This.

lagging capital growth means an increasing amount of aging capital in

these regions that will further hinder productivity, resulting in higher

unit labor costs and shrinking profits.

Regional differences in taxes, energy costs, and labor costs

give the South and West a comparative cost advantage and make location

in these regions more attractive to industry. .0r:eater economic activity

in the South and West is predicted to generate regional differences in

real income. In comparison with a projected U.S. growth rate of 2.8

percent for the decade of the 80s, the South and West are projected to

grow at 3.2 percent in comparison with a 2.4 percent projected growth

for the Northeast and Midwest (Business Week, op. cit., page 64). The

disparity in income growth will not be distributed equally over all

segments of the population. Blacks and other minorities are more

heavily concentrated in the large metropolitan areas of the Northeast

and Midwest. Reduced income in these regions will result in less taxes

available to support public education and other public services. Re-

forms in federal tax laws to promote capital expenditures will result in

less revenue from corporate taxes going into the state coffers. In con-

trast, income generated from energy-related inyestments provides a

steady stream of revenue for the oil-rich southwestern states.

50
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The process whereby new jobs are created has been studied ex-

tensively by MIT economist David Birch. Based upon his study of some

5.6 million businesses, he concluded that jobs turn over at the average

rate of 8 percent per year and businesses at an average rate of 10 per-

cent per year. This turnover rate seems to be remarkably constant

across geographic locations. According to Dr. Birch, ". . every five

years every place in the country has to replace about 50 percent of its

job base" (Birch, March 5, 1982, op. cit.).

Nearly nine.out of every ten jobs created were in the area of

service occupations. Less than one job out' of every eight jobs created

in the 70s was in goods production. Small firms were much more active

than larger firms in replacing those jobs lost in the turnover process.

Firms with 20 or less employees created nearly two-thirds of the job op-

portunities, with most of the new jobs being created by young firms.

The implication is that job creation is basically a birth-death

process, characterized by rather rapid turnover. The fact that small

companies account for the vast majority of new jobs supports the con-

tention that small companies. are greater risk takers and are seeking to

create a market niche that will support their existence. However, small

companies have greater problems in attracting venture capital and often

experience greater cash flow problems, thereby making their existence

more perilous and increasing their likelihood of failure. The continua-

tion of the formation of new jobs in the face of rising business fail-

ures attests to the tenacity of the American entrepreneurial spirit.
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LABOR SHORTAGES

As a compounding problem, the United States is reported to be

experiencing a severe shortage in skilled labor. In a widely quoted re-

port, the Department of Labor projects average annual training short-

falls in excess of 250,000 persons per year for the next decade (U.S.

Department of Labor, 1981). These are regarded as minimum estimates

since they result from inclusion of onty the 13 occupations with the

greatest projected shortages. The Task Force on the Skilled Trade

Shortages, which represents a .coalition of 13 metalworking industries,

estimates an anticipated need for 240,000 journeyworkers in the metal

trades by 1985. (American's Skilled Trade Shorta e: A Positive Re-

sponse., 1981). The American Electronics Association, in a survey of its

members, projects a need over the next five years for approximately

113,000 technical professionals in eight job categories and an addi-

tional 140,000 technical paraprofessionals in 13 job categories.

(Congressional Hearings, November 3, 1981).

The implications of a serious shortage of skilled labor for our

defense capabilities was reported on by the Defense Industrial Base Pan-

el of the Committee of the Armed Services (House of Representatives, De-

cember 31, 1980). The Panel expressed considerable concern regarding

the lack of a base of skilled manpower to support a defense industrial

base. The use of offshore labor in such critical defense industries as

semi-conductors was found to be "troublesome." Because of increased

technological complexities required in defense production, farmers,

clerks and housewives could not be recruited in a matter of weeks and

trained to work in defense production. Lack of transference from civil-
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ian to military high technology manufacture and the times required for

retraining were given to refute the argument that if we geared up for

World War II by training "Rosie the Riveter," we could do it again.

MANAGEMENT CLIMATE

In addition to the previous forces, there is a growing concern

that management itself must share a major responsibility for the declin-

ing productivity of this country. As Secretary of Commerce Malcolm

Baldridge told a group of senior business executives, economists and

labor leaders at the first meeting of the National Productivity Advisory

Committee, "We've got to get our managers back into entrepreneurial

thinking and away from financial reports, or into research and develop-

ment and less 'Let's get the product out of the door.'" (The Washington

Post, January 7, 1982).

How then does management hinder productivity? The answers are

emerging slowly--in part assisted by a comparison with the Japanese

style of management. A concern for productivity and a focus on the

internal work processes have not been popular management topics. Rather

than concentrating on production management, American managers have ten-

ded to place more emphasis on external factors such as market penetra-

tion, market share, and overall return on investment. By focusing on

the big picture, there is a growing consensus that management may be

losing sight of the importance of people. As H. Ross Perot, Chairman of

Electronic Data Systems, states, "It's the people in the first-line jobs

that make or break a company. Lose them and you're out of business"

(Government Executive, June 1981).

5J
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American management has been criticized for being preoccupied

with short-run concerns. Organizational performance tends to be judged

according to the quarterly financial statement and investment options

evaluated in terms of annual or biannual payback returns. This emphasis

on short-run optimization has reduced the capacity of management to as-

sume risks associated with long-run capital ventures.

James O'Toole in his recent book entitled Making America Work

(1981) argues that a restrictive management culture has evolved that

stifles productive endeavors. Restrictive management cultures, ac-

cording to O'Toole, are characterized by a rigid adherence to formal

norms and practices even though they may interfere with more productive

work organization. Restrictive cultures tend to be closed to new ideas,

resistant to change and characterized by distant and formal personal re-

lations. Decision-making tends to be authoritarian; the organizational

climate is one of distrust and suspicion; employee participation in work

decisions is minimal; and adherence to procedure more important than

quality of the final product. Admittedly, these characteristics rep-

resent the extreme of organizational bureaucracy. They are, however,

useful in communicating those management characteristics that are con-

sidered detrimental to productivity improvement.

Howard J. Samuels, a productivity consultant-, in testimony be-

fore Congress supports the contention that management practices are

inhibiting productivity growth. According to Samuels,

Experience of over a decade of productivity consulting
indicates that the adoption of more efficient management
techniques can improve private sector productivity by a
minimum of 10-20 percent without any additional capital
spending on technical innovations. (Congressional
Hearings, January 27, 1982).
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INTERVENTION STRATEGIES

WHAT IS THE MESSAGE?
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If any message comes through, it is that America stands at an

economic crossroads. In the face of impending labor shortages, American

business and industry can follow one of two major courses--one will be

business as usual. If that philosophy prevails and a labor shortage

materializes, per unit labor costs can be expected to increase, leading

to increased prices as business seeks to maintain its profit picture.

Continued sluggishness in capital investments, coupled with a shortage

of skilled labor, will dim many prospects for productivity improvements.

As a result, inflation can be expected to escalate, our standard of liv-

ing to diminish, our foreign competition to increase and the United

States will be well on its way to becoming a 'Second-rate power.

As an alternative, the United States can make a significant in-

vestmoit in labor-saving capital in an effort to reverse the productiv-

ity trends and to regain the competitive edge. If the strategy is un-

dertaken with vigor, the implications can be profound. Unlike the early

60s when the concern for the effects of technology proved to be unfoun-

ded, the United States currently stands on the brink of a technological

revolution drawing its force from the emergence of the microprocessor

and its ubiquitous applications. Second generation industrial robots

with sensing capabilities could perform over 40 percent of the operative

jobs in metalworking. Within the next two decades, 4 million jobs out

of a current 19.7 million manufacturing jobs could be robotized.
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Technological advancements will revolutionalize office procedures and

make the video screen the new "tabla rosa," replacing paper as the com-

munication medium. The restructuring of the American economy will see

poverty in the midst of plenty as the various sectors compete for labor

and capital and seek to maintain competitive differentials based on

cost, price or service. In an effort to reduce risk, the larger com-

panies can be expected to narrow their focus and concentrate on product

lines in which they have accumulated experiences.

The flipside of a conservative market strategy will be to launch

an effort to cut production costs through productivity increases. Capi-

tal will be replaced, not on the basis of how much life remains in the

equipment, but rather on haw much it costs to keep it in operation-as

opposed to replacements by new technologies. Companies will seek to

maintain a vibrant market position by availing themselves of the advan-

tages of new technologies. Small companies will remain the most innova-

tive and will assume the largest risks by venturing into unknown market

areas.

What, then, is the significance for vocational education? If

there IS any lesson, it is that vocational education cannot itself re-

main static in the midst of a struggling economy seeking to find itself

without running the risk of the judgement that "I called and you failed

to answer."

Vocational education's responsibility is to assure that the na-

tion remains true to the principle that work is for man and that labor

cannot and must not be subjugated to capital in the production equation.

Vocational education must seek to overcome the perception that employees

41.
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can no longer be relied upon to improve our nation's productivity. This

is the vieWpoint articulated by Russell Hedden, Chief Executive Officer

of the Cross and Trecker Corporation, who advances the view that

.,For every employee who is sincerely attempting to pro-
duce to his or her maximum level, we see another employ-

ee who has no desire to perform above the level needed

to remain on the payroll. For this reason, although I

am a proponent of realistic employee motivation tech-

niques, I do believe we must accept the postulate that
future increases in productivity will come about primar-

ily from investment in improved equipment rather than

from reliance on personal zeal . . . If we accept this
postulate, we must come to grips with the need to pror
duce and install more sophisticated machines through-

out the country; machines that will give us increased

capability to improve the nation's productivity. We

must also increase our R&D programs to develop a greater
proportion of new, high-productivity machines to older,

less-productivity productive equipment (Production Engi-
neering, September 1979, page 93).

Given this challenge, the question is how does vocational

education respond. Vocational education, to meet the needs of a

restructuring economy, must be prepared to restructure its own

organization to meet the demands of the changing times.

Central to this restructuring is the requirement that vocational

education turn its attention to the development of vocational general-

ists. The job-shop model in which vocational education sought to re-

create the job conditions and provide the opportunity for learning

through "hands-on" experience is becoming obsolete. Rapid technological

innovations in the job and office environments make it neither feasible,

wise nor possible to import into the classroom. Employers, when ques-

tioned, almost universally express the desire to retain control over

training of employees with respect to work procedures. This is under-

standable since employers have their own unique operational requirements
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and do not wish to incur costs Of retraining employees who were taught

on obsolete equipment on in situations where the skills do not transfer.

Lack of standardization currently experienced in the microprocessing

industry and certain to characterize'robotics and other applications,

precludes the learning of one commonly accepted best way.

Instead of trained human capital, employers are seeking train-

able employees who can operate in a variety of situations and whose

background knowledges and skills will sUpport mastery of activity re-

quirements with minimal training. Employers are becoming increasingly

dissatisfied with the capabilities of on-the-job training to impart the
6

basic knowledges and skills necessary to perform across a variety of ap-

plications. Increasingly sophisticated technological equipment is mak-

ing it increasingly more difficult to infer the organizing principles

and properties from direct observation and experience. What is de-

veloping is a back-to-the-basics Dovement with regard to technical areas

such as mathematics, physics, computer programming, Systems applica-

tions, and other technical knowledge areas. The emphasis is not upon

the learning of these theories and principles per. se but upon an under-

standing of their application in real work settings.

What is being called for, although perhaps by another name, is

the application of the apprenticeship model to the teaching of technical

skills. The major difference is that where the craftsperson carried a

fixed set of tools and possessed the expertise to apply these tools in a,

variety of situations, the modern equivalent claims knowledge as the

tools and professes the ability to apply these basic knowledge tools in

the learning of specific production procedures. Because these,proce-

5o
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dures cannot be specified with precision, the knowledge base must be

sufficiently broad to support transference and to facilitate acclimation

and orientation to specific job performance requirements.

The shift to a vocational generalist role will circumvent voca-

tional education's increasing difficulty in equipping its shops and

laboratories with modern equipment. A recent study concluded that

With the critical lack of funding in this area [equipment

acquisition], it is impossible for vocational education to plan and pro-

vide programs related to new and emerging technologies" (University of

Wisconsin, November 1981). This study surveyed some 200 schools and de-

termined that less than 1 out of 5 schools surveyed reported making some

or extensive use of computer-assisted design in existing programs and

less than 1 in 20 schools reported making use of robotics in existing

programs. Computer-assisted design was reported to be included in a new

program in only 4 percent of the schools, with no schools reporting

computer-assisted manufacturing being included in new program starts.

With start-up costs for new technological programs in the vicinity of

several hundred thousand dollars and with minimal state support for new

equipment budgets, the capability of vocational education to match

industrial technological development with state and local funding

sources is non-existent. If vocational education is to be a viable

training mode in providing human capital to meet our nation's need for

skilled labor, there is no realistic alternative to the generalist

tools.

The quest for advantage through high technology and information

processing will result in increasing demands for technical skills train-

5

onserva, Inc.



54

ing. Whereas the initial reaction will be to assign the responsibility

to engineers, the shortage of engineers will work to the advantage of

community colleges and technical institutes. The burden of proof will

be upon these institutions to demonstrate that they do indeed have the

capability to provide employment-relevant technical training of equiva-

lent quality to that received in a university setting. Associate de-

gree programs in the sciences and engineering technologies must seek to

incorporate the kernel knowledges that will support contemporary tech-

nology and provide the graduates with a besic grounding in the theories

and practices necessary to support production applications,

Community and technical colleges provide a ready-made network

for the assumption of this technical training role. Campuses are

located at strategic points designed to maximize coverage of state pop-

ulations. These postsecondary institutions have a history of community_

involvement that derives from their founding mandate. Funding from lo-

cal tax base provides a strong rationale for education to support the

community, industry and service base.

Secondary vocational education will play a critical role. This

role will increasingly become one of a) providing training in the basic

skills as they apply to work and, b) providing the work experience op-

portunities for the employment of these skills in real job settings.

The importance of basic educational skills, as applied in a work set-

ting, cannot be overlooked. It is not simply the ability to compute, to

read, to write and to communicate that is at issue, but rather the abil-

ity to utilize tiv-se skills in a manner and under the settings and con-

ditions found in the work-a-day world. For example, reading for com-
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prehension tested by the ability to recall may do little to develop the

skills required in reading to locate specific pieces of information or

to follow instructions. Writing themes may be a far cry from filling

out work reports, inventory orders and other writing requirements found

on the job scene.

Secondary vocational education should not regard the development

of these skills as remedial, but rather as a basic function and purpose

of secondary vocational education. Since academic education will not

and very likely cannot relate education to work, this should become a

central responsibility of vocational education. The point being made is

that the strands relating education and work are those underlying basic

communication and interpersonal skills rather than the more occupation-

ally specific methodological procedures and practices that characteilze

many secondary programs. The fallacy of this approach is that techno-

logical advancements are changing the face of job requirements to such

an extent that the schools can never hope to match this change in the

classroom. Equipment costs are prohibitive and instructors with the re-

quisite skills and willingness to work at school salary levels are be-

coming ever more scarce. Schools lack the flexibility because of their

organizational structure to tailor their course content to individual

employer needs. Continuation of the pursuit of occupational specificity

in training without the concurrent capacity to incorporate these changes

in curriculum will support the contention that education is becoming

increasingly less relevant and the schools not interested io supporting

economic growth.

6 i
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Focus on basic job skills does not mean an abandonment of the

employment focus. Employability training should be a central theme of

secondary vocational education. By this is meant more than training in

interviewing, resume writing and job seeking. The concept of employa-

bility should be crossed with the concept of trainability to reflect the

employer's concern for people who have the skills to work within an

organizational setting, to understand that rights carry with them re-

sponsibilities to make a corresponding productive commitment to the

organization and its purposes.

Secondary vocational education, to meet the demands of a re-

structured economy, will have to become increasingly more oriented to

education for wo;k rather than education for specific occupations. Ob-

viously, there are differences in the world of work that dictate differ-

ential applications of basic skills. This could be handled by adopting

a cluster approach for the organization of secondary vocational pro-

grams. Since there is ostensibly little difference in the more funda-

mental knowledges and skills required in retail selling, it makes little

sense to differentiate vocational programs according to the type of mer-

chandise sold. What is important is that the students have a grounding

in the basic skills that will enable them to perform the fundamental job

operations and allow them to function in a variety of retail occupa-

tions. Basic skills should be supplemented by a knowledge and under-

standing of the basic vocabulary and kernel concepts that are necessary

to provide ad orientation to employment within the cluster. Co-op pro-

grams provide an ideal mechanism for providing the students with work

experience that serves to give the students an opportunity to sample

64;
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a selective slice of organizational experience within that cluster.

Secondary and postsecondary institutions should collaborate md

seek to provide an articulated career path from the work experience em-

phasis of the secondary to the more technical postsecondary orientation.

This linked pathway provides the student with the means for progressive

career development and for building upon knowledges, experiences and

interests in a constructive and cumulative fashion. Given the exis-

tence of articulation channels, the student has the choice to follow

designated upward career mobility pathways or to exit and seek employ-

ment. For those who choose to exit, knowledge of basic skills, honed by

selective work experierice should provide them with a foundation of

training needed to enter the job market. These students should, how-

ever, have a realistic expectation of the types of jobs they are quali-

fied to fill and the anticipated difficulties in planning employment

that exceeds their skills level. Beyond that, the choice is theirs.

Focused Short-Term Training

A major educational implication flows from the increasing reli-

ance on technology to sustain and support economic growth and develop-

ment. Rapid infusion of technology disrupts established labor-capital

relations and causes them to seek new equilibrium. In the process, new

skills are created and others become obsolete. Refurbishing human capi-

tal to meet the demands imposed by new technology places a particular

set of demands upon the training system. First and foremost is that of

expediency. Skills must be developed quickly so as not to delay the

competitive benefits to accrue from the technological adoption. Train-
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ing requirements are specific and are derived from the operational con-

straints imposed by the new technology operating within the established

context of organizational policy and procedures.

Vocational education, to serve this need, must have the flexi-

bility to react rapidly and responsively to specific training needs, A

significant aspect of this need may well be an assessment of the human

skills reouirements induced by technological innovation and the de-

termination of a training plan to satisfy these needs. Since most new

jobs are created by small businesses who have few resources to devote to

staff support functions, the capability.of vocational education to re-

spond rapidly and accurately to their training needs will be an espe-

cially critical factor. These small companies, in seeking to maintain a

viable competitive position, make frequent changes in their products and

processes. To be beneficial to these small organizations, vocational

education must be able to change with the same alacrity. Clock hours,

classroom schedules and other institutional barriers diminish this

capability. What is required is a training extension function with the

mobility to offer training on location when and where needed. Such

training is generally focused in nature and of short-term duration.

Vocational educators are by profession, educators. This means

that their expertise should focus principally on the design, implementa-

tion and monitoring of company training programs. Knowledge of the

technology and its applications should be provided by company technical

personnel. In this sense, vocational educators would be providing a

function normally performed by a training department. Since many small

6.1
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firms potentially in need of training have no formally constituted

training department, an industrial training role for vocational educa-

tion would seem apropos.

STATE LEVEL STRATEGIES

State vocational education agencies are in a position to influ-

ence vocational education's contribution to productivity improvement and

technological innovation through the exercise of informed and creative

leadership. Towards this end, the following suggestions are offered.

To facilitate organization, suggestions will be grouped according to

major agency functions.

Program Planning

Productivity improvement and strengthening technological innova-

tion should be included on the vocational education planning agenda. Ex-

isting state level vocational education goals should be reviewed to de-

termine the extent to which these goals support productivity improve-

ment and strengthen technological innovation. If not already formu-

lated, new goals making explicit the state's commitment to these ends

should be established.

These goals, to be meaningful and to have the potential to

induce change, should be derived from a participatory process. The

first step in this process is one of awareness building. Vocational

educators must first be aware of the productivity problem and the con-

ditions surrounding the need for technological innovation. Awareness

building is a slow and methodical process that must be engineered care-

fully in order to build a consensual basis to support future efforts.
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Awareness can be achieved through a variety of ways. One way is through

state program meetings where the topics are introduced and a local dia-

logue initiated. Another means is to hold a series of workshops devoted

solely to the topics of prodwftivity and the impacts of technological

change. The benefits of these workshops is that they allow a more sus-

tained period to be devoted to a discussion of the issues and implica-

tions surrounding these topics. The results of these workshops should

be recorded and used as inpui into the planning process.

Responsibilityk for productivity/technology concerns should be

assigned to a specific individual within the state agency. This in-

dividual functioning as a coordinator would serve as the vehicle for

focusing state efforts in this area. Program supervisors should be

involved in a dialogue to determine how a concern for these topics can

be infused into their program area.

Input from the program supervisors and, comments and concerns

generated from the field should be translated into goals concerning pro-

ductivity and technology. These goals should provide the basic direc-

tion for a state vocational education agency thrust to involve vocation-

al education in productivity improvement and technology innovation.

Goals pertaining to productivity and technology should be

injected into the local planning process. Local agencies and institu-

tions could be requested to assess the local community needs with re-

spect to emerging technology and to describe the ways and means pro-

posed to be used to increase the capacity to respond to these identified

needs. To facilitate the local planning effort, the State Vocational

Education Agency could provide information descriptive of the technol-
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ogies most likely to be utilized as a function of the State's economy

and could include any available information describing the educational

and training implications of these technologies. The information con-

tained in the series of papers entitled 'Technologies of the 80s--Their

Impact on Vocational Education" (CONSERVA, 1982) could be used as an

Aformation source. This information should be supplemented by more

state-specific information to the extent that it is available. Sources

for this information might include: State Economic Development Agen-

cies, State Departments of Labor or Commerce or other departments deal-

ing with business affairs.

Program Funding

Program funding could be used to stimulate local interest in

productivity and high technology. At the postsecondary level, high

technology planning grants could be made availaz: to encourage post-

secondary institutions to identify the technical knowledges and skills

required in designated high technology areas and to determine how these

skills might be incorporated into new and/or existing programs. Certain

postsecondary institutions may be designated as centers for specific

high technology areas .1nd high technology program development concen-

trated at those centers.

Industry-specific training grants could be provided to stimu-

late postsecondary institutions to provide training to local employers

on an as needed basis. The grant mode could be used to target funds

more specifically to industry training associated with high technology

applications. An alternative to the project approach is to fund these

activities on an FTE basis. While it may provide for more expediency in

6"
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the funding process, there is a tendency to fund these programs at a

lower FTE rate and thereby encourage the serving of this need through

regular programs. This frequently defeats the purposes of these pro-

grams as it inhibits instructional flexibility to tailor the program to

serve unique employer needs.

Special equipment grants could be given to purchase equipment

associated with high technology areas. In order to economize, post-

secondary applicants should be encouraged to acquire simulators that are

designed for teaching purposes. In the area of robotics, teaching

robots are available that incorporate all the functions of the larger

relatives but are considerably less expensive since they are not built

to perform industrial jobs. The same can be said for areas such as com-

puter numeric controlled equipment. In this area it should be possible

to simulate the computer control and to learn in a simulated environ-

ment, thereby avoiding the expense of acquiring the associated metal-

working machinery. The state agency should provide applicants with

information as V:) where they might acquire simulators that could be used

in high technology instruction.

At the secondary level, project funding should be made available

to encourage the infusion of a productivity emphasis in vocational edu-

cation course instruction. An awareness of productivity and its impor-

tance to the American economy should be clearly understood by every

vocational education secondary student. An introduction to a factor

theory of productivity and how these factors affect production costs is

an important aspect of the understanding of work in America and should

be the subject of debate and discussion. Whether these topics should be

Go
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included in a course on the American enterprise system or infused in the
10,

fabric of every vocational education course is a matter for individual

discretion. Teaching the basics of productivity is a uniquely voca-

tional education function and is a significant portion of the world of

work process.

The definition of employability skills should be expanded to

include not only attitudes and values but also the ability to work in an

organizational setting. A major contributor to productivity improvement

is the capability of workers to participate in an informed and respon-

sible manner in the governance of their work setting. As management of-

fers workers the opportunity to share in the decision making regarding

the structure of work, workers in turn must be prepared to accept that

responsibility and to act with a consideration of the impact of their

decisions on their fellow workers, their company, and society. Thus,

vocational education must prepare workers to operate in a more permis-

sive management climate. The price for this new freedom is that workers

must share in the responsibility for the outcomes. 7o behave more re-

sponsibly requires that workers have greater organizational skills that

will enable them to function in a group participation mode. These

skills should include group decision making, problem solving and a bet-

ter understanding of cost and quality considerations and how they impact

uonn production. Vocational education can no longer claim that simply

by teaching job skills, they have met their productivity responsibil-

ities. If they believe their adage that they are training the whole

person, then they cannot afford to ignore the work climate, the extended

organizational and interpersonal skills that will be required of the
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modern worker to participate with management in a new partnership for

mutual benefit.

Funds should be made available to support articulated projects

between secondary And postsecondary institutions. To promote articula-

tion, built-in incentives should be provided. One such incentive would

be for the state to provide a greater share of the funding than is the

average. This incentive would serve to demonstrate the state's interest

in promoting articulated projects.

Research and Development

Participation in technological innovation should be a prominent

subject for State vocational education R & O. Research activities

should be devoted to determining those industries and technological in-

novations that will most likely impact the state economy. Projects

should be funded to identify those industries most likely to be affected

by technological innovations, the nature of the technological innova-

tions, occupations most likely to be affected and the projected time-

frames cnd incidence of dissemination of these innovations. The tech-

nologies identified in the series of papers, "Technologies of the 80s:

Their Impact on Vocational Education," (CONSERVA, Inc., op. cit.) would

appear to be a useful information guide. However, a similar analysis

must be performed that is addressed to the specific needs of states and

substate regions.

Curriculum development efforts should be undertaken to ascertain

what skills will be required by forthcoming technological innovations

and what should be the distribution of these skills between secondary

and postsecondary education. If secondary vocational education is to

support the development of technical skills by providing a foundation of
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basic skills and an understanding of the world of work organization,

then there need to be identified channels for the development of tech-

nological skill requirements. These channels, once identified, will

indicate to secondary students those competencies that they will have to

master in order to obtain employment and the educational levels at which

these competencies can be expected to be learned. Curriculum efforts

should be competency based with the caveat that the competencies not be

narrowly defined. Instead, competencies should reflect rather more

generalized job skill areas which should become progressively more

focused as students progress from secondary to postsecondary to on-the-

job training. There is no reason except turf protection that precludes

linked curricula which provide for an orderly progression from secondary

to postsecondary to apprentice or on-the-job training. States can no

longer afford to have duplicated, fragmented "icational education de-

livery systems more concerned with boundary maintenance than with the

development of a skilled work force. Proof of their concern will be the

extent to which they are able to develop curricula that link different

educational systems each with separate governance structures.

Curriculum development efforts should be focused on ways to

teach productivity in the vocational education classroom. Productivity

curricula should be developed and the appropriate age/grade levels de-

termined. These curricula should address an increasing awareness and

understanding of the American economic system, its growth and diversity,

the role of costs and competition in a free enterprise system, and most

importantly, understanding that nothing comes free. Curriculum efforts

should also be addressed towards development of organizational skills

7 1
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aimed at improving worker functioning in such contemporary groupings as

quality circles, work teams and other small worker groups that address

productivity problems in the workplace.

Of critical importance is the development of curricula to teach

computer literacy. Computer literacy does not translate into the simple

learning of a program language. Computer literacy, in its broadest con-

notation, implies a familiarity with the computer as an information pro-

cessor, a fundamental understanding of the structure of information, its

storage and retrieval and a feeling for the basic grammar underlying

computer programming languages. Computer literacy curricula should be

developed that is oriented to computer literacy and the application of

this literacy to real world situations. No vocational education student

should be considered competent to enter the workforce without this ex-

posure.

Demonstration projects have a specific role in technological in-

novation. Specific institutions should be selected as centers for

specific high technology areas. By selecting specific institutions, a

critical mass can be developed at that organization that will support

innovative development. These centers for technological training should

be used in a demonstration capacity. As curriculum projects are de-

veloped and implemented, vocational education personnel from other in-

stitutions should be invited to observe the functioning of these pro-

grams. By serving as demonstration sites, these centers can provide

visible evidence of on-going efforts to implement high technology train-

ing and can serve to increase efficiencies by disseminating their ex-

periences to others.
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Professional Development

Vocational education is hindered in its efforts to move into

high technology areas by a lack of trained staff. Every effort must be

made to ensure that vocational education instructors keep abreast of

industrial technology. This does not mean to imply that they should be

experts in its application, but rather that they should have a funda-

mental understanding of the technology, its application, and its edu-

cational skills implications. Because high technology is in such a

stage of flux with developments occurring so rapidly, it is difficult

for educators to comprehend the breadth and scope of the innovations.

In order to Veep abreast, vocational educators must have exposure to the

current high technology. This may be accomplished by a variety of means

including: leave to work in a high tech industry, high technology

training workshops, trade fair and association attendance, contact with

university personnel, attending university courses or self-study. In-

centives should be provided to encourage professional development.

Professional development efforts should not be confined to

instructional staff. State-level consultants should seek to expand

their level of knowledge regarding technological innovations in their

area of expertise. Frequent workshops should be conducted that deal

with technology and its educational significance. An effort should be

made to maintain a collection of materials devoted to new technologies

in the vocational education program areas. These materials should

include not only recent research and development activities but also

current textbooks, monographs, magazine articles and manufacturers' de-

scriptions. State agencies should subscribe to services that provide a
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continued update as to technological advancements that are currently

available. Such a service would be of. great advantage to vocational

education supervisors by providing them with an overview of advancements

in their field.

Technical Assistance

Provision of technical assistance to field personnel would re-

quire informed state-level personnel. Technical assistance could take

the form of identification of major technologies that could be expected

to be adopted given the industrial mix of the state economy. Procedures

for locals to use in conducting technological needs assessments in their

own area could be developed and used as guidelines by the locals in

their technological planning efforts. A data bank pertaining to pro-

ductivity statistics and associated economic and demographic data could

be maintained and made available to local educational agencies and in-

stitutions. Information could be organized around specific issues and

issue papers written directing local attention to problems of emerging

concern. Such problems might be the growing need for retraining due to

technological displacement, the impact of the computer revolution or any

number of areas selected for focus.

In addition to selected data sources, the state agency could

make available productivity and technology-related materials. This

information might include systems and procedures used successfully by

industry in their productivity efforts, films and other audiovisual

materials dealing with productivity, articles, monographs and other

printed discussions that would help field personnel to better understand

the scope and magnitude of the problem. As some states have already
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done, state agency personnel could be made available to put on a series

of awareness workshops regarding productivity and technology and/or to

give lectures and lead discussions for various professional groups. By

serving as a fount of information regarding productivity and techno-

logical innovations, the State Vocational Education Agency could perform

a valuable technical assistance function.

Administration

What better way could there be for state-level administration to

become concerned with productivity than to seek to improve the pro-

ductivity of its own operation. Quality circles could be utilized as a

means of seeking to improve the productivity of public sector employees.

Engaging in productivity efforts would serve two major purposes. First

it would emphasize the importance of productivity considerations to

state-level staff and focus their thinking on the impact of management

climate on the productivity of the workplace. Through practical ex-

perience in employee participation, state-level staff would learn first

hand the strengths and limitations of participatory management. This

would provide a valuable experience base for expanding upon the role of

vocational education in productivity improvement through the worker par-

ticipation. As a second benefit, productivity efforts at the state

level may result in significant organizational and administrative

changes as a function of engaging in the participatory process. After

all, who knows, if participation works in industry, it may work in

education.
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Business/Industry Linkages

Both productivity improvement and technological innovation de-

pend upon a high degree of involvement of business and industry. Local

education agencies and institutions should be encouraged to make

improved use of their program advisory committees as a source of infor-

mation regarding the changing business and industrial requirements.

Advisory committee members should be polled regarding their capital

investment plans and should be utilized to the extent possible as

'link-pins' to expand communication with a broader range of business and

industries in the community. Surveys should be conducted to determine

anticipated capital investments, their impact upon employment, and the

anticipated changes in skills requirements. This information will not

always be easy to acquire, especially if layoffs are anticipated.

Vocational education institutions should be encouraged to use

the theme of productivity improvement as a means of making contact with

local employers. One way this theme could be utilized would be to offer

a short-term seminar for local employers in productivity improvement ef-

forts. The seminar could be planned to provide a forum for the discus-

sion of productivity problems that local employers are experiencing and

a discussion of how the problems may be resolved. As a local community

effort, the institutions could arrange for employers to tour other em-

ployment establishments and to review their operations and make recom-

mendations for prOductivity improvements. The fact of combined ex-

perience and the opportunity for employers to think through their pro-

ductivity problems demonstrates the catalytic role that vocational

education can perform in stimulating productivity improvement.
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As another variant on the productivity theme, local vocational

education personnel should attempt to develop short courses in pro-

ductivity topics. Such topics might include productivity definitions,

measurement systems and ways to design, implement and monitor worker

productivity efforts. These courses should be offered as adult con-

tinuing education courses with time schedules selected to maximize the

convenience of attending employers. An effort should be made to solicit

employer participation in these programs by emphasizing the bottom line

results to the employer.

A variety of productivity-related services could be provided by

area vocational schools and postsecondary institutions. These services

might include a library of productivity-related information that could

be available to local employers. In addition to productivity materials,

this library might contain information on technological innovations of

concern to local industries. Local community colleges could provide a

productivity/technology information reference service that could produce

a bibliography of relevant information upon demand. Given the capabil-

ity of small microcomputers, the'development of such a service would be

a relatively simple matter given the resources. Resources might be

acquired by charging local employers a user service fee. Information

could easily be extended beyond bibliographic reference material to

include films and other audiovisual materials as well as productivity

systems used by other industries. By providing this service, vocational

education could demonstrate its interest in employer problems and its

ability to make constructive suggestions as to their solutions.

As a further expansion of services, community colleges and area

vocational schools could develop the expertise to provide on-site train-
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ing to employers upon request. This expertise would be a natural out-

growth of the services previously described. As vocational education

institutions demonstrated their commitment to employer problems, em-

ployers could be expected to request assistance in specific areas.

As vocational educators demonstrated their expertise to deal

with industry problems, particularly small businesses, a sense of trust

and confidence would develop that would support a relationship on a con-

tinuing basis. For those firms without a formal training department,

vocational education should be able to function as an independent train-

ing deliverer. Vocational education, by virtue of the fact of its pub-

lic subsidy, should be in a unique position to offer training at an at-

tractive cost to the employer. Contract training, wherein the em-

ployer pays a percentage of the cost of training, would provide a source

of resources for vocational education and an on-going communication

linkage with employers. This communication linkage should serve to make

vocational education institutions increasingly responsive to the train-

ing needs of employers and should provide a valuable opportunity for

placement of program graduates. Given that vocational education earns

its respect by providing a needed service, its continuing prosperity is

assured.
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