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Abstract

This study ione of a seriethatexamineshow technology adoptioaffectsthe skills of workers.
Previous papers in theeries have approached this issue in diffeneys withdatafrom a variety
of sources. Using data on the strategiesd activities osmalland medium-sizefirms in both
manufacturing and services industries, Baldwin and Joh($885), Baldwin, Johnson and
Pedersen (19963xaminethe connection between tltfferent strategieshat are pursued by
growing firms. Firms thatstress technological competencae found to als@lace agreater
emphasis on skilenhancement and training activities. Using surdeya on the type of
technology used in manufacturing plants and plant managers’ perceptionskifl tleguirements
and trainingcosts associatedgith the adoption of new technologi€aldwin, Gray and Johnson
(1995) find that technology use leads tgreaterskill requirements, more training, afnigher
training costs.

This paper uses survelata on thencidence of advanced technologgioption and matched panel
data onplant characteristics such as wages, capital intensitysiaado examin¢he connection
between technology use and the wage raéeived byworkers. Since higher wages are
associated with higheskill levels, establishing aonnection between technology use and wages
reinforces the eatrlier findings.

Key words: Innovation, Technology, Wages and Skills
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Introduction

This paper uses survelata on thencidence of advanced technologgoption and matched panel
data onplant characteristics such as wages, capital intensitysiaado examin¢he connection
between technology use and the wage raéeeived byworkers. Since higher wages are
associated with higheskill levels, establishing aonnection between technology use and wages
reinforces earlier findings of technology-skill relationships.

Since 1980, wagedifferences betweeskilled and unskilledworkers havewidened inNorth
America. Since technology-induced shiftstire demand for laboumay beresponsibldor some

of this change ithe wage structure, the pamdsoexaminesvhether the connection between the
wage structureand technology has changed duritige 1980s. Previous studigbat have
examinedhe effect of technological change time demand foskilled workers lave focused on a
related question; buhey have tended to use indirect measures of changes in techridblyy.
Lillard and Tan (1986) anMlincer (1992)examinetherelationship between technological change
and humanresource requirements by correlating measures of multi-factor produciithy
measures of thentensity of training.Bartel and Lichtenber§1987) focus on theelationship
between capitastock and the proportion of the labour foreath higher education. Berman,
Bound andGriliches(1994) relate the share of the total wadleaccounted for byigher skilled
non-production workers to industry research dadelopment expenditure and the share of new
investment that is spent on computers.

Most of these studies are done at the industvgl and donot allow for an examination of
changes at the plarlevel. Previous studies have alssed very rough measures of the
technological base of an industry. Thaper uses micro-economic rather than aggregdtestry
data to explore theelationship between technology atlte wage structur@nd uses more
detailed measures of technology at the plem¢l-the numbers of advanced technologies in use
and the type of technology in use taken frosuavey on advanced manufacturing technologies.
These are thesombined with micro-economic pladiata takerfrom the Canadian Census of
Manufactures to measure other plant characteristics that are used in the wage equations.

1. The Wage Structure and Technology Use

Over the past twenty yeaisdividual wage rates havieecome polarized in both Canada (Beach
and Slotsve, 1994; Morissett®]yles and Picot, 1994) and in the Unitestates(Levy and
Murnane, 1992). There is a disagreement over the primary causes of this change.

Some have argued that thdras been a shift ithe demand forskilled asopposed taunskilled
labour as a result of globalizatiqWwood, 1994).Models of internationatrade predict that
relativefactor prices in developed adeéveloping countries willend toequalize when tariffs are
lowered. Because dfigher import penetration from developing countridee wage rates of
lower-skilledworkers in western countries aseen to be increasingly affected by the wages of
workers in developing nations.

The case in favour of the importancetkEdeinvolvesboth empiricaland theoretical arguments.
The empirical estimates diVood (1995) have beaimed at showinghat themagnitude of the
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tradeeffect is large. Others have invokedde theory to argue that the wage struc{uekative
factor prices) is determined in world markets andlifigerences in domestic productivigcross
sectors. Irthis world, relative domestitactor suppliesare notimportant, nor iggeneral labour-
augmenting technicgdrogressRelative wages can be affected by technological chantyeif it
involves differential changes in the rate of technical progress across Sectors.

While pressures for factor-price equalizatimay be having aimpact onthe wages otinskilled
workers, the evidence to support #xdreme form of the theory (exact factor prespualization)
is notpersuasive. As Freeman (1995,2R2) notes, there is @onvincing body of evidence from
empirical labour economics that domestic developments affect domestistwagaresChanges
in both the domestic supply of and demand for labour have impacted on the wage structure.

Others have argued thaarnings polarization is affectdmbth by shifts inthe domestiqdNorth
American) supply of relative quantities sKilled and unskilledabour over the last decadewasl|

as changes in dematwought about byechnical change (Murphy and Welch, 198&tz and
Murphy, 1992) While the relative supply of skilledvorkers isseen to have played a kegle in
affectingthe wage structure, 400 is asteady growth in theelative demand for more educated
workers. Skill-biased or skill-augmenting technical change is offered Beelg explanation for
these changes in labour demand.

A similar story is told by Berman, Bound af#tiliches(1994),usingthe relative wages of non-
production and production workers inanufacturing to represent remuneratrates for more
and less-skilledvorkers.Although the wages of thekilled category have beancreasing, their
share of employment has also been increasing. @me, thistrend iscompatible with the
existence of skill-augmenting technical chatiggt has been increasirthe demand forelatively
more skilled workers.

Davis and Haltiwange(1991) alsofind evidencesupporting skill-augmenting technological
change as thexplanation for changes e wage rate structure over the past three decades.
Using data onplant characteristics anddividual worker characteristicshey find that plant-size
wage differentials have widened, that the manufactwd@uogorexperienced a sharp increase in the
educational attainments ofvorkers, andthat increases inwork-force quality occurred
disproportionately in large plants.

While technologicalprogress is often cited as tkey factor behindthe shift in labour demand,

much ofthe debate over theffect of technology on wagates treat$echnology as a black box.
Measures of technologies ararely used to describine nature oftechnological change. One
exception is Krueger (1993), who uses a cross-section of workefswdsidafter accounting for

easily measurablevorker characteristics such as education and #igat a substantial wage

premium of 10 to 15 percent exists for those workers having computer skills.

While Krueger'swork is animprovemenbver previous efforts, simple measures of computer use

do not capture the comprehensive way in which computers have been applied to the production of
both goods and services. Computersiaatgedded in machines thate used idlifferent phases of

the production process—design asmineering, fabrication andssembly,and inspection and

! See Richardson (1995) for a summary of these arguments.
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communications. Assessirtpe importance of computer-driven technologies requires a more
precise measure of the intensity with which they are used. Dunne and Schmitz (1995) make one of
the few efforts to do so bgxaminingwages for a cross-section of manufactustablishments

that usedifferent computer-based advanced technologies. Tihdya substantial wage premium

for production workers using these advanced technologies.

This study also uses direct measure of technology use to investigdie existence of a
technology premiunfior Canada. It does so Iegtimating a wageate equation at thglantlevel
for the manufacturingsectorusing matchedata from theSurvey of Manufacturing Technology
and the Census of Manufactures. BecauseCdigadian survegovers more industries than the
U.S.survey® theexistence of a wage-technology relationship cartefirst time be established
for the manufacturing sector as a whole.

Finally, this studyexamineswhether thoselants using advanced technologies in 1989 differed
from those notusing technologies in 1989 much the sametwo groups ofplants differed in
1981. The papefinds that ahigher wage premium for technology use existed between the
technology and the non-technology users in 1989 than was the case Jam#te/o groups of
firms in 1980. This change ishe result of anncrease in technology usice 1981 within the
technology using class and\or an increagbépremia associated with technology usesst in

the relationship between wages and technologyghin the technology-using classThis
demonstrates therigin of the labour-saving technological change and its relationship to the
adoption of advanced technologies.

2. Data Sources

The data used ithis paper are drawn from three sources—the 1989 Survéyaotfacturing
Technology (SMT), the Census of Manufactures, and the 1993 Survey of Innovation and
Advanced Technology.

The 1989 CanadiaBMT askedestablishments ithe manufacturingsector toindicate their use,
non-use or planned use of 22parate advanced technologies. Twnadian survey covers
technologies in areas such as design and engineering, fabricati@ssamibly, inspection and
communications, automated material handling, manufacturing information systems, and
integration and contrdl. The survey also collectetthta onseveral related characteristics of the
establishment, includinthe availability of research and developmdiatilities to the plant and
whether it trained its employees, eitléthin the plant or elsewhere. The survey, conducted by
mail, was based on sample of allestablishments ithe Canadian manufacturingector, The
sample is stratified by size class, witgr@ater proportion of the largplants being sampled than

2 Both Canada and th&nited States directlgurvey manufacturing plants to establish thee of particular
advanced technologies.

® The U.S.survey isdone for only five2-digit industries—fabricated metal products, non-electrical machinery,
electrical and electronic equipment, transportation equipment, and instruments and related products. The Canadian
survey covers all of manufacturing.

* The Canadiarsurvey covers Smore technologieshan theU.S. survey.The latter omitstechnologies in
manufacturing information systems and integration and control.

®> The U.S. survey covers only plants with more than 20 employees.
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of smallerplants. Of the 420@stablishments ithe sample3952, or 94 percent, responded to the
survey.

The responses to the SMT dirked to longitudinal panallatagoing back to 1980, takefmom
the Census of ManufacturgsThis sourceyields information on glant’s employment, shipments,
wages, andralue added in manufacturing. In additiogata on theplant’s owning enterprise—
nationality, employment andge—are generated frospecial files maintained bthe Micro-
Economic Analysis Divisior-or this analysisywage rates are calculated as shen of wagegaid
to production workers divided by the sum of production workers employed.

Since thispaper compares the wage structurglahts in 1989 and 980, only thoseplantsthat
continue throughout the decade are used in the regremsadysisreportedherein. Thesample
usedincludes neithethe deaths nor thigirthsthat occurred between 19&dd 1989. Aftebirths
and deaths are excluded from tlrked file, the total number of observations used in the
calculations is 3616.

Data from the 1993 Survey of Innovation ar&ddvanced Technologyre also used here to
examinethe effect of advanced technologies skill requirements and trainingpsts.This survey
examinedusage of thesame 22 technologies discussed abbue,alsoinvestigated a number of
issues regardinthe benefits relatindo, effects of, andmpediments to advanced technolagse.
A set of questionsnvestigatethe skill requirements associated with and tin@ning costs
resulting from advanced technologgoption. A total of 2877#irms were sampledfor the
technology section of the survey and the response rate was 88%.

3. Technology Use

The individual technologies used in thigaper are listed by functional group Table 1.The
functional groups differ in terms of the degree twhich they are directly involved in the
production andassemblyprocess or whether they serve to monitonatdiagnostics anduality
control.

The technologiesll emanate from the currem¢chnological revolutiorthat is related to the
computer, or more correctly, taicro-chipuse. On the one hand, tredatively cheap processing
power of micro chips has spawnedtie development of &ost of labour-saving technologies.
These technologies have permitted the replacement of costly laboureffutient, reliable,
computer-controlleanachinery.For example robotsprovide anefficient and safe alternative to
humansfor repetitive jobslike spot welding or painting onthe automobileassembly line.
Automated guided vehicle systems replace delivery personnel.

As important as these labour-saving technolomaght be, the newechnological revolution has
had equally important effects orenhancinglabour, often management, the tasks thathey
perform. The impact of information technologies has been fethany different parts of the
production process.They have allowed management to receive, digest, andlyze
unprecedented amounts of information. They have permitted designeosiderproblemsthat
they did not have time to consider previously, and to shorten the design phase of projects.

® Of the 3952 respondents, some 3642 or 92% are linked into the panel from the Survey of Manufactures.
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The integration of labour-saving and labour-enhancing technologies clested new
manufacturing processdlat are at the heart of whhas been called “soft manufacturing”.
Bylinsky (1994) notes that “softnanufacturing” differs from traditional manufacturing timat
software and computer networks are as important as produntexchines. These new
technologies complement problem-solviskjlls in the workforce. The introduction of labour-
enhancing technologies has been stimulateitidoyecognitiorthat hunanspossess thmvaluable
kind of dexterity and judgmerthat has yet to be programmed into a robot. tBa one hand,
communications technologies perrakilled engineers t@ontrol avariety of processes. On the
otherhand, they allow real time ordering atiek production of products atemand, tailored to
specific needs. Communications ambntrol technologiedacilitate the rapid transmission of
orders to theassemblyprocess, thalelivery of parts to theassembler, andhe assembly of
specializedoroducts by a worker who is instructed by a computer as to the parts needed for the
particularproduct thathas just beenrdered and the nature of tassemblyrequired. Instead of
replacing workers with robots, thesetechnologies have enhanced humskills. In this
environmentyobots are relegated tepetitive taskswhile computer technologiesd workers to
assemble custom-designed products with the aid of computer transmitted requests.

The effect ofthe information revolution hasot beerfelt equally inall areas of production. The
inspection and communications functiogabup hasthe highest adoptiomate (Table 1). Some
79% of shipments in 1989 come from establishments using technologies from this grohighThe
adoption ratehere is duemainly to the use of automatic contralevices—programmable
controllers and stand-alone computers used for control on the factory flooinspeetion and
communicationsgroup is followed by design and engineering2.1%), and manufacturing
information systemg51.2%).Fabrication, the traditional heart of the production process)lys
fourth with 46.7%.While the computer-based revolution is often described in terms effésts
on fabrication an@dssemblyits usage so far has begreatest in the area of tkebour-enhancing
technologies in inspection and communications as well as in design and engineering.

Data onchanges in technology use owene are sparse, bavailable evidencsuggestincreases
that are associatewith the computer-basedommunications revolution have been large.
Betcherman and associates (19941 6).tracked 224stablishments from a wide rangesettors
from 1985 to 1991 and foundhat the percentage ofmployees using computer-based
technologie$ in the sample increasesver the period from 16% to 37%. Mocemprehensive
data onchanges in advanced technology use at the end dighées (Baldwin and Sabourin,
1995, pp. 55-60) show thagchnology use wasicreasing dramatically ithe manufacturing

" Computer-based technologies in this survey consists of CAD, CAM, inspection, and automated maatiie
systems inmanufacturing andwvord processing, personal computeoffice networks, and othercomputer
operations in the service sector.
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Table 1. Advanced Manufacturing Technologies by Functional Group

Adoption Rate
Functional Group Technology (Percent of
Shipments)

Design and Engineering 52.1

Computer-aided design and engineering (CAD/CAE) 49.0

CAD output to control manufacturing machines (CAD/CAM) 20.1

Digital representation of CAD output 12.7
Fabrication and Assembly 46.7

Flexible manufacturing cells/systems (FMC/FMS) 20.6

Numerically Controlled (NC) and Computer Numerically 29.6

Controlled (CNC) Machines

Materials Working Lasers 9.3

Pick & Place Robots 14.9

Other Robots 15.6
Automated Material Handling Systems 18.4

Automated Storage/Retrieval Systems (AS/RS) 14.7

Automated Guided Vehicle Systems (AGVS) 9.2
Inspection and Communications 79.0

Automatic Inspection Equipment - Inputs 30.7

Automatic Inspection Equipment - Final Products 34.9

Local Area Network for Technical Data 40.8

Local Area Network for Factory Use 36.7

Inter-Company Computer Network (ICCN) 35.4

Programmable Controllers 63.6

Computers used for control in factories 49.9
Manufacturing Information Systems 51.2

Materials Requirement Planning (MRP) 48.6

Manufacturing Resource Planning (MRP II) 33.0
Integration and Control 39.8

Computer Integrated Manufacturing (CIM) 21.1

Supervisory Control & Data Acquisition (SCADA) 33.9

Artificial Intelligence/Expert Systems (Al) 6.5

sector over the period 1989-93, despite the recession that took place at the same time. The largest
changes occurred in design and engineering and in inspection and communications.

4. Technology Use and Skill Levels

New technologiesnayserve to reduce or to increasddll requirements. When technologies serve
only to segment completasks into repetitivenundanechores, deskillingnay occur. However,
the new technologies, it is arguddcilitate complex activitieghat requirecombinations of
judgment, dexterity, and experience (Bylinsky, 1994). The new fornfisxafle production are
seen to require a morkighly skilled workforce (Matzner, Schettkagnd Wagner, 1990).
Technology adoption increasése demand forworkerswith greater conceptual armaroblem-
solving skills. Training, peparation, andearningare seen to beore elements in this newvork
environment (Keefe, 1991).
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There areseveral reasons fdoelieving that theincreased use of advanced computer-based
technology requires highekill levels. First, the type of technologigbat arebeingused most
intensively are at the heart of the "soft-manufacturing” revoluti@ommunications and
inspection technologieare used mordéequently thanother technologies; moreover thdyave
been spreading morepidly than othertechnologies (Baldwin and Sabourin, 199%hese
technologies aressential tathe newmanufacturing processes, where software and computer
networks have become just as importantashines. Using soft manufacturing techniqdiess

tailor theirproducts tandividual buyersheeds, responquickly to individualizedorders andgstill
achieve economies of sizé&/orkers arecalled upon toconcentrate orproblem solving and
improving the quality of products and services.

Even more direct evidence of a positive technology-skill relationship is providéaeb$993
Survey of Innovation and Advanced Technology. In this survey, managers of p&amis
technologies from each of four fotonal groups—design and engineering, fabrication and
assembly,automatedmaterial handling systemsnd inspection and communications—indicated
that the introduction ofadvanced technologies in each of these areas increasedsklitieir
requirements more often than it reduced them (TabfeT2)e percentage of planéxperiencing

an increase in skill requirements is four to five times larger than those experiencing a decrease.

Table 2. Impact of Technology Adoption on Skill Requirements

Impact on skill requirements
Technology Increased | Unchanged | Reduced
Percent of plants(shipment-weighted)
Fabrication and Assembly 56 28 16
Automated Material Handling Systems 59 36 5
Design and Engineering 54 38 8
Inspection and Communications 47 A7 6

Source: The Survey of Innovation and Advanced Technology (1993)

If technology isskill enhancingproducers would be expecteditoprovethe skill levels oftheir
workers by hiring more highly skilled workers and by providing more training. Trainiikgls to
be chosen wherfrm-specific skillsare particularly importansincethese types ofkills can best
be taught or acquired within the firm.

Data on theincidence of training in Canadian manufacturing establishments confirm the
connection between technology use anditiceédence of training. Baldwin, Gray, and Johnson
(1995) usemultivariate analysis tanvestigatethe extent towhich the incidence of training is

related to the number of advanced technologies used. They find that technology is one of the most
important determinants of thgrobability that a plant will train. Thegreater thenumber of
advanced technologies in use, treater is thecomplexity ofthe production process and the
more likely is a plant to implement trainingrograms. In addition, the plantisat have R&D
facilities and that are in more-innovative industries are also likely to do more training.

The training associated with the introduction of new technologiesmbdessmplyreplace theskill
enhancement programs associated with old technologies. Mandgersadadoptedadvanced
technologies indicatethat their trainingcostshad generally increased (Tald® Betweentwo-

8 The response rate to this question in the 1993 survey was 92%.
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thirds and three-quarters of technology-using plaetsorted that the adoption @fdvanced
technologies led to an increase in their educatasts’ A substantiaportionindicatedthat their
costs increaseahoderatelyor significantly. Thus, the increaseskill requirements associatadth
advanced technologies have led to higher training expenditaregechnology-using plants.
Training has, in this sense, become more intense.

Table 3. Impact of Technologically Advanced Equipment and Software on Education and
Training Costs

Automated
Fabrication Material Design and | Inspection and
and Assembly Handling Engineering | Communication:
Systems
percent of plants (shipment-weighted)

Increased significantly 23 15 P20 20
Increased moderately A0 24 35 29
Increased marginally 14 16 P4 19
No change 1P 32 12 12
Decreased 1 0 0 0

Source: The Survey of Innovation and Advanced Technology (1993)

These three, separate, but relapgetes of evidencsupport the argument thaicreasedskill
levelsare related to advanced technology use at the lehaglt Technologyse has increased the
demand forskills, led tomore training, and increas#éue costs ofraining. Investments ihuman
capitalare needed toomplementheinvestmentghat afirm makes in advanced technologies. To
the extent that thesavestments require highskilled workers that are in shosupply, then a
wage premium should exist for workers in plants that use advanced technologies. Msmecwer,
technology use has been increasing over tthedifferences betweethose who are found to use
technologies at the end of the period and non-technology users shoulcebaweitieningover
the period. The remaining sections examine the validity of these hypotheses.

5. A Summary of Wage-Rate Premia Associated with Technology Use

An overview of therelationship betweethe average wagete and theintensity of technology
use is provided in Table 4. The wage is calculatetbad wagesdivided bytotal production
workers in the plantintensity of technology use is measuredheesnumber of technologies used
(0, 1-2, 3-5, and 6+). Wage rates are classified by four groupgensity of technologyse (tech
1, tech 2, tech 3, and tech 4) and by four plantgineps (Size 1Size 2, Size 3, and Size 4) in
order to compare theffect of technology use on wagestte well known plant-sizepremia
(Mellow, 1982; Brown and Medoff, 1989; Groshen, 1991). The plant watgeineach cell of
Table 4 is indexed tthe wage rate foplants in the snilest size classhat uses nadvanced
technologies.

° The response rate to this question in the 1993 survey was 99%.
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Table 4. Average annual wage rates for production workers, 1989

Number of technologies in use, 1989
Plant employment 0 1to2 3to5 6 or more
Less than 100 1.00 1.13 1/16 1.16
100 to 249 1.10 1.21 1.24 1.26
250 to 499 1.17 1.24 1.83 1.35
Greater than 499 1.42 1.54 1155 1.69

Source: The 1989 Survey of Manufacturing Technology and the Census of Manufactures.

The data show a stronglationship between relative wagges and thantensity of technology
use. In thesmallest plant size class (K00 employees), wages increase by some 16 percent
between the lowest (tech 1--0 technologiasd highest (techt--6 or moretechnologies)
technology-using classes. This relationship hétdsall size classes. Figure dots the wage by
size class of each ¢iie technology group®lative tothe wages of plantgsing no technologies,
within the size class, i.e. wages of plants using no advanced techndliegiesl) are setqual to

one for eactsize class. Thavage premiafor the highest technology-usingroup (tech 4) are
remarkably similafor all size classes. Thremiumfor the groupusing 6 or more technologies is
16, 15, 15 and 19 per cent for the first, second, third, and fourth size classes, respectively.

Figure 1. Relative Wages of Size Classes by Technology Usage

15+ - - - - - - - - - - - s e e
e
R e -
—X—Size 1
é Size 2
go]
£ —e—— Size 3
————Size 4
09+ - - - - - - -~ - - - e e
0.8 1 1 |
Tech 1 Tech 2 Tech 3 Tech 4

The importance of advanced technologies skitlupgrading is muclgreater fodarge tharsmall
plants. Large plants are molikely to use advanced technologies. Thaye morelikely to
combine technologies from different functioredtegories and toperateintegrated factories.
They are morelikely to use many advanced technologies and to use the more sophisticated
technologies from eacfroup (seeBaldwin andSabourin, 1995). Thereforgshen they dopt
advanced technologies, they more frequently find that ski#irequirements increase. They more
frequently introduce training programs to develbye skills that they require. Theyare also
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morelikely to find that their trainingcostsincreasesignificantly after adoption. It idikely then,
that the skill premium for workers that is associated with technology use will be relatessizethe
of the plant.

These hypotheses acenfirmed in Figure 2, wherthe relative wageacross eaclsize class is
plotted for each technology group (tech 1, tech 2, tech 3, and tech 4). Fteaaiiogygroup,
therelative wage isndexed tothat of thesmallest size clas3he relative wage increases across
size classefor each technologgroup. Moreover, thevage-size relationshipare similar across
technology groups. Within the four technology groups, the lasgsstlass has a premium of 42,
36, 34 and 46 per cent, respectively.

Figure 2. Relative Wages of Technology Groups by Size Class

— =— Tech 1
> —=—Tech 2
E Tech &
—e—Tech 4

Size 1 Size 2 Size 3 Size 4

It is also the casthat thesmallest plantsise fewer multiple technologies. The share of plants in
each size class that falls into the different technology groups is graphed in Figure 3. In the smallest
size class, almo§0% use n@dvanced technologies, less tlHf%6 use 6 or mortechnologies.

By way of contrast, less than 10% use aavanced technologies and almé8% use 6 omore
advanced technologies in the largest size class.

The premiareported inTable 4, and Figures 1 andit2at isreceived byworkers inplants using
greater numbers of advanced technologies varies dependihg type of technologlgeingused:
Technologies can belassified by functionalgroup—design and engineering, fabrication and
assembly,automatedmaterial handling, inspection and communicatioagfomated control
devices, manufacturing information systems, and integratiorcamiol. Therelative wagerate

of technology users—the wagse of userslivided bythe wage rate afion-users—is presented in
Table 5 by functionagiroup. Users ardefined as plantthat adoptany one of the technologies
within the functional group, non-users are those not emplanggfthe technologiewithin that
functionalgroup (se€lTablel). In addition to thesix main functionalgroups, automatic control
devices, a subset of inspection and communications, is included.
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Figure 3. Percentage Users by Size Class
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In 1989, the wage rate déchnology-using plants is higher than non-usersllifunctional

groups. The largest advantage occursifigpection and communications &sll asintegration

and control. These planpgy 28% and27% more thamplantsthat do notuseany inspection and
communications or integration angbntrol technologies. Themallest differenceoccurs in

manufacturing information systems.

Table 5. Relative Wage Rates by Functional Group, 1981 and 1989 (weighted)

Adoption Rate Relative wage| Relative wage
Technology Group Group 1989 rate, rate,
(% of shipments) | users/nonusers users/nonusers
1989 1981
Design and Engineering 1 52|11 1.22 1.16
Fabrication and Assembly 2 467 1.14 1.12
Automated Material Handling Systems 3 18.4 1117 1.13
Inspection and Communications 4 79.0 1/28 1.22
Automatic Control Devices da 6711 1.28 1.21
Manufacturing Information Systems 5 5:IJ.2 111 1.08
Integration and Control 6 39.B 1.27 1.19
Combination 1 c1 14.9 1.2 1.22
Combination 2 c2 22.8 1.15 1.12
Combination 3 C3 23.3 1.2 1.20

Note: The 22 separate advanced manufacturing technologies in the SMT have been divided into 7 functional groups, based in their use

in the production process. Technology use in a given functional group is defined to occur when the plant uses at least one of the technologies
in that group. Wage rates are calculated relative to non-users opéréitular functional group of technologies.

Source: The 1989 Survey of Manufacturing Technology and the Census of Manufactures.

The relative wageates in 1981 for theametwo groups of plants—thosasing andthose not

using advanced technologies asl®B9-are alsincluded in Table 5. The relative wages of the

1989 technology-usingroup arehigher everywhere in 1989 than1881. Thechanges in the

relative wagerates between 1981 and 1989 refléwto factors—changes in theffect of
technology use on wages and changes (mainly increases) in the intensity of technology use. On the
one hand, the increase in relative wages reflects improvements in the wages of thkgilasesl
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technology both at theeginningand end of the periocklative tothose notusing advanced
technologies in either year. On ththerhand,part of theincrease in relative wages reflects the
general increase in technology use that has been occurring. Somenmplanisere non-users at
the beginning ofthe period have become users over tihee period and have improved their
wages relative to those that did not use advanced technologies in either 1981'8rSiggiarly,
plantsthat wereadvanced technology users at theginning ofthe periodgenerally increased
their intensity ofuse over the period. Thus, theincrease inthe relative wages of 1989
technology users between 1981 and 1989 occurs because some technology-usirttpygants
become morantensive users of each technology and becauseetifiect of using advanced
technologies on wage rates has intensified.

In addition to thedisparity between wageates paid by users and non-users, there is a
considerable variation in wage rates within $leé oftechnology-using plants. The highest relative
wages are paid, both at theginningand the end of the period, by thastablishments using the
labour-enhancing technologies (inspection and communications, integraticorgnal). Relative
wages for the labour-saving technologies in fabrication and assembly are among the lowest in both
periods. Furthermore, thiesparity betweemhe labour-enhancing and labour-saving technologies
grew over the 1980s. The wage-ratemia have gone up relativatyore for thosaechnologies
that received thehighest premia inl981. Thetwo labour-saving categories have among the
lowest premiums in 1981 (fabrication arabsemblyautomatedmaterial handling systems) and
experiencdhe smallestrate ofincreasethe one with the largestitial premium (inspection and
communications, a labour-enhancing technology) experiences the largest rate of increase.

The growth in therelative wagerate of technology users is plotted iRigure 4 for each
technology grouping. Thgrowth rates for both thenweighted sample, which contains a
disproportionatenumber of large plants, aridr the population (weighted results) are presented.
Differences betweethe weighted and the unweighted restdigealthe extent tavhich large and
small plants perform differently. The weighted results have the largest growth rates in the
integration and control category, followetbsely byautomatic controdevices and inspection
and communications. Ithe unweightedsample, theséhree categories aldeadthe list. In the
weighted case, planthat usefabrication andassemblytechnologies have one of the lowest
growth rates. The softnanufacturing revolution has associatbe largest wageains with
labour-enhancing technologies.

The 22 separate technologies are oftembined within gplant, since multi-technologyse is
frequent. However, mtiple technologyuse doesnot necessarilyimply that factories are
integrated. Integrated factories are thas®ing technologies in each of several different
production divisions—such as design and engineering, fabrication emsgmbly, as well as
inspection and communications. To investigtite effect of technology integration on wages,
three combinedcategories of cross-functiongroup use(combination 1, combination 2, and
combination 3)are created thameasure integrated technology use. The fi@mhprehensive
category (combination 1) mefined aghe use of one advanced technology from each divhe

19 1t is likely thatestablishmentthatwere non-users in 1989 were non-user&981; however, users in 1989 may
not necessarily have been users in 1981.

1 Baldwin and Sabourin (1995) findhat intensity of use increased more betwekd89 and 1993 than did
incidence of usethat is, thepercentage of plants using multigkchnologies increased at a fastete than the
percentage of plants using any advanced technology.
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groups—design and engineering, fabrication asdembly, inspectiorand communications,
manufacturing information systems, and integration eadtrol’ This mix of technologies
representscomprehensive technology use in a fully integrated factdiye second set
(combination 2) issimilar to the first, butinvolves asomewhat more restricted concept of
comprehensive use ithat it excludes integration andontrol technologies. It represents
comprehensive technology use that is not fully integrafdte third combinedcategory
(combination 3) representhe use ofintegrated technologies focused on the factory fldior.
combines technologyuse from fabrication andassembly, automatic control devices
(programmable controllers and in-factory computers for control) from inkpection and
communications group and technologies from the integration and control group.

The combinectategories are characterized by some ofhilghest relative wageates in 1989
(Table5). In addition, the growth in theelative wageates over the decade fplants using the
technology combinations is generatiyite high (Figure 4)—atleast for thetwo comprehensive
combinationsthat involve an element ofntegration and controlAdvanced fabrication and
assemblytechnologies do better when combined wather technologies—especially integration
and control technologies. Is, therefore, evidenthat mutiple technology usehat involves
integrating technologies acroggoups frequently has particular advantages ahdt these
advantages grew over the 1980s.

These data suggestat an advantageas developed for multiple technology usersoider to
chart the development this advantage ithe 1980s, theelative wagedifferential of multiple
technology users and non-usersaaf advanced technology is tracked between 1981 and 1989
(Figure 5). Threedifferent classes of multiple ussee employed-1) plants using only 1 to 2
technologies in 1989, 2) thosgsing 3 to 5 technologies and #®)ose using 6 or more
technologies. The wage rates foamtsthat fell in any of thesemultiple technologycategories
increaseover the decadeelative tothoseplants using no technologidspwever, thancrease is
largest for thoseising 6 or more technologies. Agesult, the wage ratéifferential within the
group using technology widens over the decdde.

In conclusion, technology use is associated with a wage premium. The premium is highest in those
plants usinghe most technologie&inally, plants using technologies with a relativéigh wage
premium in the beginning of the 1980s were the most likely to havéhaddrgestncrease in this
premium over the decade.

12 Automated material handling systems is excluded from this definition since the application of these technologies
is relatively limited. Ithas thelowest usageate of all thegroupsand, when used, is concentrated in a subset of
manufacturing industries.

3Figure 5 showshatthose using multiple technologiesthe end of thelecade alshad awage advantage at the
beginning of thelecadeand thatthey increasethatadvantage ovethe period. ltdoesnot showthatthose plants

paying the highest wages at the beginning of the period increased their use of technologies the most.
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Figure 4. Rates of Change in Relative Wage Rates in the 1980s
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(note: growth rates significantly greater than zero at the 5% level, using a one-tailed-test)

These changes may have been closely bound up with other structural changes that were occurring.
Plant-size premia could have been changing #ms therelationship between wages and
technology usenay simplyreflect changes in size premia—because technology useclessly

related to plant size. Or thay berelated to changes in the patternsfafign ownership or

capital intensitypoth ofwhich are correlated with technology use. In tmainder othe paper,
multivariate analysis igsed toexaminewhether the technologyremia and changes the premia

that are associatesith technology use castill be found once aumber ofother factors that are
associated with plant wage rates are taken into account.

6. Model and Variables
a) The Model

Wages are hypothesized to bé&uaction of plant sizethe capital-labour ratio, andraumber of
plant characteristickhat are both dire@nd indirect measures tife technological sophistication

of the plant.This formulation can come frorthe view that wages are constant acrplssits
except for variations in theuality of workers contained in each plant and these are the
characteristics which lead plantsuse relatively higher skilledvorkers and, therefore, should be
related to wages pai@r, theformulation can have as its base a neoclassical defoah@bour
function—usingthe assumptiorthat workers argoaid their marginal revenueproductand the
assumption of a particular form of a production functieor. example, ifthe productiorfunction

is assumed to be Cobb-Douglas, then
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Figure 5. Relative Wage Rates by Number of Technologies in Use (weighted)
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Note: For each of the years 1981 to 1988, wage rates of users are calculated relative to wage rates of non-users of technology based on use patterns in
1989.
Source: The 1989 Survey of Manufacturing Technology and the Census of Manufactures.

1) Q=AK'LP
Then the marginal productivity conditions yield,
2) InW =M+ @+3-1) In L +a In(K/L)
where:

In W= log of the average annual production worker wage;
In L= log of plant employment (enterprise employment);

In K/L= log of the capital-labour ratio.

M = function of A, price of the product aifd

Equation #2normally presumeghat labour is homogeneousYet, there aresubstantialskill
differentialsacross plants. Some of these relate to pd@md (Brown, Hamilton and Medoff,
1989, pp. 32-36). Others angpothesized to be a function thfe capital intensity otthe plant,
the types of technologies used, thaovativeness of a firmand other characteristicghat are
related to the degree of sophistication offine. These characteristicahich are presumed to
affect the quality of labour, are subsumed within a vector C.
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Then, the wage rate equation is,
3) In W =yC+ (a+f3-1)In L +a In(K/L)

Two types of regressions of this forane reported here. THest employs unweighted estimates
usingthe 3642 plansample. This sample containgeater proportion dfrge plants than exist
in the population. The second set of regression resulisstablishment-weighted. Weighting by
establishments produces resuliat are representative of the averagenufacturing plant. As
most plants aremall,the second set of results is representaiirearily of smallestablishments.
Differences inthe two sets ofresults reveathe extent tawvhich the relationship between wages
and technology differs between large and small plants.

Two estimating techniquewere employed. The first is ordinary least squardswever, the
technology, labour, and capital-labour ratios l&a&ly to be endogenous. The second technique
uses the rank of each of thegariables as an instrument to perfotwo stage least squares
regression analysis. Essentially the same results are produced by each technique.

b) The Variables

Wage Rates

The log of the wageate paid to productiorworkers is used as the dependeatiable in the
regressions. The averagenualwage is calculated as thatal wagebill for production workers
divided bythe totalnumber ofproduction workers! This is equivalent tdhe employment-
weighted average wage per production worker. A two-year average (over 1988-89 for 1989 and
1980-81 for 1981) is used in order to smooth out random movements.

Plant and Enterprise Size

Plant size is represented by plant employment—the average total plant employment over a two year
period (for 198lemploymentthe averagemploymenbver the 1980-81 period is used; for 1989
employmentthe averageemploymentover 1988-89 is used). Plaatmployment include®oth
production workers and salaried employees.

Enterprise size—thtal number ofproduction and non-production workers—is alsduded. In
order to separate th&ize ofthe enterprise from that of the plant, enterpesaployment is
calculated as residual employment—i. e., total enterprise employment outside the plant.

14 See Baldwinand Rafiquzzaman (1996) for eatment thaexamines theeffect of technology use on the
differences between non-production and production worker wages.

15 Enterpriseemployment is defined abe totalemployment ofll plants in manufacturing, mining amagging
under common control.
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Capital-Labour Ratio

The capital-labour ratio is proxied by profits nmanufacturing divided byroduction workers,
again calculated abe average over the relevant two-year period. The ratio is calculated as total
activity value-added minus the walg# of production workers anslalaried employees divided by

the number of production workers.

Since profitsare just theate of return eaed on thecapital invested@-K;), then profitsdivided
by labour is justp; * K/L; As long as competition equates the risk-adjusetdrn across
businesse9, the profits/ labour variable is just the capital-labour ratio multiplied by a constant.

Use of profitsdivided by labour wilinot perfectly reflect differences ithe capital-labour ratio if
the rate of return is not equated acrbgsinesses. Inay be thatechnology users earnhégher
rate of return. If so, the profit/labour ratio will be correlated with technology use arnshutidlly
capture theeffect of technology. One way to partialigrrect forthis is to useéhe ratio of profits
to wages to capture the capital-labour ratio. Prafitéded bywages is just the capital-labour
ratio multiplied bythe rate of returmlivided bythe wage rate. If both the rate of retunmd the
wage rate at thelant level are positivefunctions of technology usehis variablemay be less
related to technology use than is profits over labour inputhitncase, profit®ver wageswill
better capture just the effect of capital-labour intensity. While the profits to laaoable is used
throughout the study, the resultuding profits to wages is alseported to show thsensitivity
of the results to the proxy used.

Technology Use

There ardwo reasons fomcludingtechnology variables. Otne one hand, technology captures
aspects of capitahtensity that the dollar-valueneasure of capitaloes not.While the normal
practice is to encapsula#dl information on capital int@ne aggregate measuwsing dollars as
thecommon numeraire, these measumag not capturaifferences irthe efficiency of machines.

If new generations ahachinesost about theame as thepredecessors but aneuchsuperior,
then plants with more recently purchaseachinerycould producdar more with thesame dollar
amount of capital. Specification tfe capitalstock in moredetail, using information othe types

of machines in use, potentially corrects for these shortcomings of dollar measures of capital.

Technology use is also a proxy for thlkll levels of employees. Technology use is associated
with morehighly skilled workers. Others (Mincer, 1992) have stresde physical capital and
skiled human capitabre complements. Baldwin and Johns@h995) demonstrate that the
emphasighat afirm places on training is a function tfe degree tavhich it is technologically
innovative. Baldwin, Gray and Johns¢i©95) show thaplants are mordikely to train their
employees when theyise advanced manufacturing technologies. The use of advanced
manufacturing technologies then alsapturesfirm-specific skills enbedded in the workforce.
These skills might be captured by traditional educatiorariables should they bavailable;
however, inlight of the pervasiveness of in-firm trainingrograms associated with advanced
technologies, thekills required here probably hademensionghat aredifferent fromthe years-
of-schooling variable that is often used.

Technologies can be measured heréwio separate ways—first, dae number of technologies
used and, second, by the type of technologies used.nliter of technologies measures
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intensity ofuse acrosall functional categorie¥. Plantsthat use darge number of technologies
are morelikely to be sophisticated. Alternately, technology use is measuretieasumber of
technologies within a functional group. Here, the 22 separate advanced technologlestfahe
SMT collected data are grouped into 6 fumaedl groups, according to their location of
application inthe production process. The$énctional groups are:design and engineering;
fabrication andassemblyautomatedmaterial handling systems; inspectiand communications;
manufacturing information systems; and integration and control technol8gidsnary variables,
each of whichcaptures the use @iny technology within a particular functiongtoup, arethen
used in the regression.

Other Plant Characteristics

A number of additional characteristiaseincluded tocapture other factors thaave been found
to be related to wage rates—age of plant, ownershipfioy ahat possesses more than guiant
(Davis and Haltiwanger, 1991). Each of these characteristics is hypothesized tthaffeelity
of a plant’s workforce or thefficiency parameter (A) of the productidanction in equation #1.
Each of these variables is listed below:

Age

Older plants arghose that havenanaged to survive. On average, they will héudt up

accumulated knowledgthat allows them to applthe same machines in more sophisticated
manner or to have developed a mabighly-skilled labour force. A binaryariable serves to
classify plants on thebasis of theirage. It takes avalue of one for thoseplantsthat were
established before 1970, and value of zero for those that were yolnger.

Diversification

Making advanced technologiegork requires a set of sophisticatedyanizational skills. These
are morelikely to be present in amulti-establishment enterprise where a wider range of
experiences is mastered MUge firm's production engineeringteam. Thereforefirms are
hypothesized to possess a more sophisticcsetwhen theyarediversified. Diversification is
captured here asraulti-plant binary variable, which equadse if the plant is owned by fam

that operates more than oplant in thesame 4-digiSIC indwstry wherethe plant is located, and
zero otherwise.

Innovation

Plants in some industriewe likely to require more sophisticateskills because these industries
engage in more complex technological and innovative activitiestder to capturghis effect, a
binary variable classifying industries as either more- or less-innovative is included in the
regression. Thelassification is derived frolRobson et al., (1988). Their study of th#erences

in theinnovative tendencies of 2-digit industrigassifies industriesito threebasicgroups. The
first two groups,defined here athe innovative industriesproduce thamajority of innovations.

6 Alternately, four categories were used—zero, one to tiwee tofive, andsix or more technologies. Since no
serious nonlinearities were present, the categories were combined into one variable—number of technologies.
" The sample contains a relatively small number of plants that were born in the 1980s.
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The more innovative industries consist of electrical and electrproducts, chemicals and
chemical products, machinery, refinedpetroleum and coal, transportation equipment, rubber
products,non-metallic mineraproducts plastics, fabricated metals, and primary mefalee less
innovativegroup aremade up ofthe textiles, papemnvood, clothing, leather, beverages, food,
furniture and fixtures, and printing and publishing industries.

Foreign Control

The nationality of a plant issed to capture otheompetencieghat arehypothesized to be
positively associated with dirm’s ability to exploit the benefits of advanced technologies.
Multinationalsare thevehiclethroughwhich hard-to-transfescientific knowledge is moveffom
one country to another (Caves, 198Zhis is partially the result of annherent advantage
associated with informatiomhat is uniquely held bythese types ofirms. To capture the
advantages of foreign-owned plants, a binagriable is includedthat equals one if a
manufacturing plant is foreign-controlled, and zero otherwise.

7. Results
a) 1989 Wage Rates

The regression results are presentetiable 6. The first column ihe base case—-the unweighted
ordinary least squares (OLSJersion with plant sizethe capital-labourratio, number of
technologies and plant characteristics. Columnadtls enterprise sizeColumn 3 is the
establishment weighted version of column 1. Column thesnstrumental variables version of
column 1-with number of technologies, plant sibe, capital-labour ratio and the wagse all
assumed to be endogenous.

The resultconfirm other findings that the wage radepends both on treze of plant (Mellow,
1982, Brown and Medoff, 1989) and the ratiaccapital to labour (Davis and Haltiwang&g91).
However, even after both tise&ze ofthe plant and the capital-labour ratio are taken into account,
the number of technologies usedpssitively related to the wage rate. The ggace of advanced
technology, both as a direct measure ofédffectiveness of a plant’'s capital and as a measure of
the presence obpecial skills, isassociated with a positive wag®emium for production
workers?®

The hypothesesbout theeffects ofother plant characteristics are alsonfirmed. The wage
premium in plantshat are older is 2.4%; plantsthat are moreliversified, it is 14.7%; in plants
that areforeign-controlled, it i$.9%,and in plantshat are located imore-innovative industries,
it is 10.3%. With the exception of age, all coefficients are highly significant.

Table 6. Wage Rates and Technology Use: 1989

Variable Ordinary Least Squares Instrumental
Variables
Unweighted |  Unweighted | Weighted Unweighted

8 When profits divided byvages is used athe proxy for the capital-labour ratio, theffect of technology
increases, as was expected.
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Intercept 9.60 ok 9.64 ok 9.78 ok 9.37 ok
Age 0.024 * 0.020 0.045 ok 0.025 *
Foreign-owned 0.059 ok 0.025 * 0.084 ok 0.035 ok
Innovative industry 0.103 ok 0.099 *** | 0.072 ok 0.096 ok
Multi-plant enterprise 0.147 ek 0.035 *x 0.109 ok 0.136 ok
Technology Use 0.012 ek 0.011 ok 0.012 ok 0.013 ok
Capital-labour ratio 0.018 ok 0.017 *** 1 0.004 ok 0.048 ok
Plant size 0.041 ok 0.028 il 0.028 ok 0.031 ok
Enterprise size 0.024 roxk
R-squared adj. 0.26 0.290 0.155 0.284

F 182.7 ok 184.5 ok 94.6 ok 204.5 ok

* significant at the 10 percent level, ** significant at the 5 percent level, *** significant at the 1 percent level

Whenenterprise employment &dded to the regressid¢oolumn 2, Tables), theeffect of both
foreign-ownership and diversificatioare diminished. This iscaused by the fact thdarge
enterprises tend to be foreign-owned amdlti-plant (Baldwin and Diverty, 1%). Theinclusion
of enterprise employment as a size variable partially captures these effects.

The establishment-weighted results (column 3, Table @héeffect of technology on wages are
very similar tothe unweighted results. Thus tb#ect of technology on wagesnsuchthe same
for bothsmalland large plants. The coefficients age and ownership increaseth®e weighted
version, thus demonstratirthat thesecharacteristics have a greatdfect on wages irsmall
plants.

Similarly, there idlittle difference betweethe OLS and thenstrumental variableesults, with the
exception of theoefficient onthe capital-labour ratio. Ilght of thisresult,only OLS results are
reported in the remainder of the paper.

In a U.S. studyDavis and Haltiwangef1991)find similar results formany ofthesevariables.
Higher wages were paid at larger, older, more cajpitahsive plants, and at planteat were part
of a multi-unit firm. Several explanatioase offered taexplainthe size premia?® The first isthat
large plants use highguality workers (anchence pay highewages) because of greatapital
intensity. Another explanation centers on monitoring costs—larger mamy higher-quality
workers in order to reduaaonitoringcosts peunit of labour services. Alternately, larger plants
may use technologiethat require greater amounts of teamwarld standardization than those
used by smaller plants and, therefore, require a higher quality work force.

Dunne and Schmitl995) alsaeport asize/wage premigSimilarly, theyfind that thenumber of
technologies and a multi-plant indicatare both important determinants of a plant’'s wege.
Since they didhot includethe dollarvalue of capital as aeparatevariable in their model, the
effect of technology in their formulatiomay be aproxy for this traditional measure chpital
intensity. Our results shothat, e/en after controllingor the dollarvalue of capital, technology
has an important influence on wage rates.

9 Groshen (1991) also reports a size premium after allowing for measurable differences in worker characteristics.
Morissette (1993) reports the same findings for Canada.
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These results indicatbat wages are ancreasing function ofhe number of technologies used.
In order toinvestigate which functionahreas lead tahe highest wages whenther plant
characteristics are considered, wage rates are regressed on measures of tecierddygyfor
each ofsix functional groups and thesameset of plant characteristics. Foreign-ownership,
multiple-plantoperation, andgnnovativeness again have positive effectsl@wage ratgaid to
production workers, as do tlwapital-labour ratio and plant sizeincethe coefficientsattached
to each of theseariablesare very similar tothose reportegreviously, onlythe coefficients
attached tantensity of technologyisewithin each ofthe functional categorieare reported in
Table 7. Both unweighted (essentially large plant) and weigh{pdpulation) results are
presented.

Table 7.Wage rates and type of technology in use, 1989

Type of technology in use Unweighted Weighted
coefficient Significance coefficient Significance

Design and engineering 0.027 *x 0.058 Fhx
Fabrication and assembly -0.008 -0.028 *x
Automated material handling systems 0.035 * 0.026

Inspection and communications 0.088 *rk 0.055 Fhk
Manufacturing information systems -0.051 rxk -0.065 *rk
Integration and control 0.055 rork 0.106 rokk

R-squared adj. 0.273 0.174

* significant at the 10 percent level, ** significant at the 5 percent level, *** significant at the 1 percent level

In the large-plants results, the use of technologies frnespection and communications,
integration and controklesign and engineering aagditomatedmaterial handling systems have
positive andsignificant effects orthe wage rate of production workers. Harge plants, the
largest positive effectare associated with thevo labour-enhancing categories—inspection and
communications, and integration acontrol. The smiéest positive effecbccurs fordesign and
engineering technologies. Wagese no higher in plants using fabrication arassembly
technologies than in those not using these technol8yiBse effects for each of these technology
groups (sedrigure 6), which take into account thempact of other plant characteristics, are
gualitatively the same as those reported in Table 5.

In the weighted results, thedfect of design and engineering, fabrication assembly, as well as
integration and control arall higher; the effect of inspection and communicationsslghtly
lower, though itstill is just ashigh as inthe other @inctional groupsFabrication andaissembly
technologies have a negative effectha population as a whole on wagges once theffect of
using each of the other technologies on wages has been controlled for.

% Inclusion of enterprise sizes no significangffect onthe coefficientsattached to technology use in each of the
functional categories.
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Figure 6. The Wage Premia from the Multivariate Analysis

0.12
0.1
0.08 -
S 0.06
£
S 0.04
o
g 002
2 0 |
S .0.02 1
-0.04 -
-0.06 -
-0.08
T o = = o & o
5 < 5% 35 5 S £50 52
c O = O QL e 2 c ® S O = o =
5 2 g 2 8 S5 8¢ 5% g g g
n = = S = 5
L S =
s 23 g 8% ;
E o
E Unweighted B Weighted

8. Comparison of 1989 and 1981 Technology Effects
a) Methodology

Of particular interest is the extent which changes ithe wage rate structure ovime can be
associated with technology use.drder toinvestigate this, a regressiontae form employed in
the previous section is used and observations on wage rates and plant characteristics in 1981 and
1989 are pooled: The regression takes the form:

4) In VVit = F(Yn) = thit+ (G+B'1)( In I—it +Q; |n(K/L)|t
where Y is the vector (CL;, K/L)), 1 =1,2,3...7232 and t=1,2.
The pooled regression that is reported in Table 7 has the form

5) In Wy = F(Yi) + &F(Yi)*D 1

where D takes avalue of 1 ifthe observation is for 1989 and O if for 1981. If toefficientd; is

different from zero, then this characteristic affectse wage structurdifferently in 1989 than
1981.All variablesexcept for technology are measured in both 1989 and T@8hnology use

2 To control for inflation, 198%vagesare deflated to 1981 levelssing the ratio of average of the logarithm of
annual wage rates in 1989 divided by the average of the logarittvaget forl981. Similarly, the ratio gfrofits

to nominal capital stock in 1989 to 1981 was used to defiaté 989 individual plantalues of profits to labour in

1989. A second measure of ‘“real capitafis also employedThis measurevas generated by deflating profits by

the output inflation at the industry level. The findings are essentially the same as those for the first measure of real
capital, and thus, are not presented here.
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canonly bemeasured in 1989 since thistise year ofthe technology survey. Theoefficient
attached to the technologwriable inequation #4 measures how the wagecturehas changed
between 1981 and 1989 for thosamnit using technologies 0©89. Asalready indicated, it
captures the two causes of wage polarization—twists in the wage structure for different technology
classes and/or changes in the intensity of technology use.

b) Results

The results of the pooled regressions @gorted inTable 8. Onlythe weighted results are
reported here. Theoefficients onthe interactive termswvolving a plant characteristic and the
year binary variablaepresent thalifferential effect ofthe plant characteristic on the wage
structure in 1989 compared to 1981. Only thdsaracteristicshiat had asignificant interaction
term (a different effect inl989) areincluded. Foreign-ownership, being in an innovative
environmentage, andliversification haveahe same effect othe wage rate in thievo periods,
that is, their interaction terms were not significant.

If the wage-rate equation is appropriatelgntified and estimated so as pgooducecoefficients
that represent thiaverse demand function, these interactive tampsesent demarghifts alone.
However, if the wage rate equatipnmarily reflects the manner iwhich quality differentials
affect the average wage, theoefficients represent bothdemand and supply effects. The
estimating equatiofior the wage rate is a form diedonic price indexvhose coefficients are
jointly determined byboth bid and offer functions (see Bartik, 1987). The interactive shift
coefficientsattached to a plant characteristic, like simay increase either becautiee demand

for a particularquality of labourassociated with plants éhat characteristic has increased (i.e.
larger firms require higherskilled workers), or because theipply of this type of labour has
become relatively more expensfve.

The first column of Table 8 uses jusie number of advanced technologies to represent
technological sophistication. The secocmlumn divides technologyse into labour-enhancing
technologies (inspection, communications, integration @narol) andall other technologies
(design, fabrication and assembly, manufacturing information systBotl)columns 1 and Best
whether technology use is associated with a change in the wagtruatare that isndependent

of the size and capital intensity d¢fie plantsince technologyse is interactednly with a year

22 Consider a world withwo types oflabour, skilled (S)and unskilled (U) whereplantsface a perfectly elastic
supply of eachypelabour at wages Wand W,, and W > W,. The averagevagerate\W)in a plantwherea is
the proportion of workers who are skilled amdepends upon characteristic X is

W= (1-a) W, +a W, wherea = f (X)

setting W, = 1 as numeraire
0 0

W =1 +a (W, - 1) where W= Ws/ W, and W= W/ W,
[}

g a
ThenOw/ 1 = E (W, - 1) +a OW/T
The estimatecdoefficientsthen capture theffect of ashift in theeffect of X(i.e., plantsize) on the proportion of
workers who are skilled and an increase in the relative wage of skilled versus unskilled workers.
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binary variablerepresenting the second period. The tlasiobbmn investigatethe extent tovhich
technology use interacts with both the capital-labour and the size variable.

In the first equation (column 1, Tabl@), the second perioghteraction term on theumber of
technologies is positive ansignificant atthe 10%level. Thissuggests that thelope of the
relationship between numbers of technologies used and wages inaeasé¢de decade or that
firms were using more technologies in 1989 than thesre in 1981. The othdwo interaction
terms that have a significantly different impact in 1989 than 1981 are labour (size of plant) and the
ratio of capital to labour. The coefficient dhe year interaction term antie capital-labour ratio
is negative;the coefficient onthe year interaction term and size is positivetHé coefficient
attached to the capital-labour ratio is interpreted to representatggnalproduct ofcapital ()

in the Cobb-Douglas production function, the productivitycapital has decreasemer the
period. Similarly, sincéhe coefficientattached taize (labour) in equation #4presents thecale
coefficient @+(3-1) anda has decreasethe increase im+3-1 can be interpreted tmeanthat
there has been an increas¢ha marginalproduct oflabour3. On the othehand, if the labour
coefficient isinterpreted simply as capturing tipdant-size effect in a hedonic estimator of the
average wageate, theseesults indicatéhat thedemand for type askills present in large plants
has increased or that these skills have become more difficult to &btain.

The fact that thenteraction term between the 19§8ar binary variablend thenumbers of
technologies variable isnly weakly significandoes notmeanthat theeffect of technology has
remainecdconstant over thdecade—onlyhat usingthe number of technologiesithout specifying
the type of technologiiides much of Wwat is happening. As indicated previoushe inspection
and communications asell asintegration and control technologies have a greatfact on
wages than the other technologies. Therefore, technology use was divided into two categories—the
number of technologies used in inspection and communicatiomsllassintegration and control
(NUMCOMM); the number of technologies froall other finctional categorieNUMOTHER).
Thesetwo variables along witlthe appropriatgear interaction termareincluded in column 2,
Table 8. In1981, the use of technologies in eitlsethasabout thesame effectBut the 1989
interaction terms arsignificantly positive for thelabour-enhancing technologies (NUMCOMM)
and significantly negative for the seconset (NUMOTHER).This confirmsthat the labour-
enhancing technologies have been associated with increases in relative wage rates.

In order to testwhether theeffect of labour or of capital intensity has changed in direct
proportion to the amount of technologgingused, interaction terms—consisting of thember of
technologies (NUMCOMM, NUMOTHER) in use times the labour variable and the capital-labour
variable in1989-are included. Theoefficientattached to theseariables measureshether the
change in theffect of size or capital intensity has been particularly largkedseplants that are
using more advanced technologiesl#89. This could bethe result either of theinavingadded

more technologies over the period or afheanging effect of advanced technologieglmwage

rate.

3 The latter is less likely since Freeman and Needels (1993) point out that skill differentials did not increase much
in Canada during the 1980s.
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Table 8. Pooled data, Wage rates and technology use (weighted)

Intercept 9.29 9.29 9.29
Age 0.043 ok 0.040 ok 0.043 ok
Foreign-owned 0.048 ok 0.046 ok 0.048 ok
Innovative firm 0.069 ek 0.071 ok 0.070 ok
Multi-plant enterprise 0.115 rxk 0.112 rxk 0.112 rxk
Technology Use
Number of technologies in use (Numbgr)  0.007 *rk
Year binary * Number 0.004 *
Number of Communications and 0.006 * 0.005 *
Integration Technologies (Numcomm)
Year binary*Numcomm 0.018 *rx
Number of Other Technologies 0.007 *x 0.007 **
(Numother)
Year binary*Numother -0.010 **
Year binary 0.063 ok 0.067 ek 0.064 *
Capital-labour ratio
Log of capital-labour ratio 0.018 *rk 0.018 rxk 0.018 *rx
Year binary*capital-labour ratio -0.013 Fhx -0.013 rxk -0.014 *rk
Numcomm* binary *capital-labour ratig -0.002 *hx
Numother* binary *capital-labour ratio 0.006 rxk
Plant size
Log of plant employment 0.016 Fhk 0.017 *hk 0.017 *hx
Year binary *log of plant employment 0.010 * 0.008 * 0.012 *x
Numcomm* Year binary *log of plant 0.009 rxk
employment
Numother* Year binary *log of plant -0.016 rxk
employment
F 167.29 97.41 87.68
R-squared adj. 0.150 0.153 0.158

* significant at the 10 percent level, ** significant at the 5 percent level, *** significant at the 1 percent level

These interaction terms aleghly significant(Table 8). The coefficient onthe 1989capital-

labour/technology

interaction variable

IS negativer

NUMCOMM but positive for

NUMOTHER. The 1989 labour/technology interaction for NUMCOMM is positive and
significant,but negative andgignificantfor NUMOTHER. Once agairthis can be interpreted to
labour-enhancing advanced
technologies were in use trat thedemand forskills in larger plants has increased. In contrast,
the reverse occurs folabour-saving technologiés. As was previously described, labour-
enhancing technologies are used more frequently than are labour-saving technologies.

mean that labour productivity increasedsignificantly where

Thus, technologiethat have beedescribed as labour-enhancing can be said to have a labour-
augmenting effect in plants that are advanced technology Useit® have increased the need for
skilled workers in large plants. The wage of production worlkexrs been increasingr those
plantsthat havamplementedhese labour-enhancing advanced technologies, particularly in larger

% |n the unweighted (large plant) sample, there is stemigence of a positive effect of NUMCOMM on wages in
1981, a significantly greater impact in 1989p@sitive yeaiinteraction term) and thsame differentiakffect of
NUMCOMM and NUMOTHER on the marginal productivity of labour and capital as are reported in Table 8.
% Labour-augmenting change is associated with a production function of the type:

Q = F( K, H()*L). When H is increasing in t, the marginal product of L increases over time.
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plants. The increase is a function tbke number of advanced technologies farticular, the
number of labour-enhancing technologi¢sat have been incorporated into the production
process.

The analysis, to thistage, is constructed aroundl@mand function for labouhat isbased on a
simplebut robustformulation of a production function. krder toexaminethe sensitivity of the
results to a more complex form tfe production function, a translog productimction is
substituted for the Cobb-Douglas and the resulting wage-share equation is estimated.
Assuming a translog production function of the form:

6) In Qi = A 4B In Li + By (In L))*+ aoln K + aaln (Ki)? + B2 In Li*In K
Then, the wage share equation can be written

7) Wi . Lit/Qit = Bo + 231 In Li; + B2InKj; or

8) W . Lit/Qit = Bo + (2B1 + B2)In Ly + B2InK; /Lit
The plant characteristics (ageationality of ownership, diversification gfarent andndustry
environment) that were appended previously in order to capture efficiency or quality differences in
the work force arealso used here. Equation 8 was then estimated on the paat@dust as
before, with number of technologies interacted wité 1989year binary, with labour and with

the capital-labour ratio. The results aeported inTable 9,both unweightedmainly large plant)
and weighted (population).

Table 9.Pooled data, Wage share and technology use

Variable Unweighted Weighted
Intercept 1.47 1.45
Age -0.018 * -0.020 *
Foreign-owned -0.035 ***  -0.046 rxk
Innovative firm 0.006 0.022 Frk
Multi-plant enterprise -0.024 **  -0.080 Fokk
Technology Use
Number of technologies in use (Number) 0.001 0.005 rxk
Year binary * Number 0.011 -0.010
Year binary -0.033 -0.046
Capital-labour ratio
Log of capital-labour ratio -0.107 **  -0.096 Fhk
Year binary*capital-labour ratio 0.008 ** 0.006 *x
Number* Year binary *capital-labour ratio -0.003 ***  -0.001
Plant size
Log of plant employment -0.012 =+ -0.029 rxk
Year binary *log of plant employment 0.000 0.016 *x
Number* Year binary *log of plant employmept 0.003 ***  0.003 *x
F 448.6 395.8
R-squared ad;. 0.453 0.422

* significant at the 10 percent level, ** significant at the 5 percent level, *** significant at the 1 percent level
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The negative coefficierdttached to the capital-labour raffia<-.10)—indicates thatapital and
labour are substitutes. The positive interaction terrthisf same variable witthe 1989binary
variable indicateshatthis substitutability declinesver the 1980s—that labour acapital become
more complementary. The parameter associated thatechnologies/capital-labour interaction
term is negative and tends, therefore, to reduce this effeatyupartially. The coefficient on
the technologiesize-year interaction term is positive and significant, thenethgating that the
impact of size on the marginal productivity of labour increases over the decade.

Extending the analysis to a more complex framework confirms that after taking into account these
other factors, advanced technology has impacted positively on the share of the wage bill.

9. Conclusions

This paper hagxaminedthe extent tovhich advanced technologyse is connected withigher
levels of human capital ithe work force.Earlier research suggestédtht technology usajives
rise to higherskill requirements. Thesskill requirements are isufficiently short supply that
plants with advanced technologi@splement special traininggrograms tohandle the skill
deficits—programs that lead to higher training costs.

This paper has foundhat wages ardigher in plantshat adoptadvanced technologie3his
finding is robust to the research strategmployed. Whether sipte tabulations of differences
between théwo groups are used, anultivariate analysis is employediages are related to
technology use. After accounting for size, agapital intensity, diversity and nationality,
technology intensity is strongly related to the wage rates for production wddkgiisr wages in
technology-using plants rewardigher innateskill levels thatare required to operate the
technologies and serve to attract those skills that are in short supply.

Equallyimportant, the wage structure in 198%¢t thesame as in 198fbr technology and non-
technology using plants. Planthat use advanced manufacturing technologies in 1989
experiencedyreaterincreases in wagesver the decade than thop&ants not using advanced
technologies. This is particularlyrue of the new labour-enhancing technologieMore
importantly, this increase is positivef\ssociated with size. Large technolagsing plants have
increased their wages the most.

While this paper is notable to separateout the relative importance othe effects of higher
technological intensity from a changing effect of technologyvages at thenicro-level, it need

not do so toconcludethat skill-augmenting technology changethe aggregatéevel has been
occurring.Skill-augmenting technological changecurs for theeconomy as a wholeoth when

more plants adopt the advanced technologies that increase labour productivity and when the effect
of technology on wages has increased. Either leadkileaugmenting changassociatedvith
advanced technology use.
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The association between technology use and \em&th thathas been described heramay be

a reflection of a technological revolution. New technologies notintroduced instantaneously.
Their diffusiontakestime. Thesedatamay simplytrace out the trajectory that occurs as new
technologies are introduced into the plant populatiBqually, the association between
technology use andhangingwage differentials may behe result of ashift in the production
function. The use of advanced technologmsy havelead to an increased demand for more
skilled labour.

While the diffusion or the productiorfunction story attributes key causal role to technology,
there are otheexplanationsthat attribute areactive rather than eausal role to technology
adoption. Increasing wag@ifferentials could have been caused by an increased demand for
relatively higherpaid, moreskilled workers—an increase in dematight is associatedvith
changingtrade patterns. Increase®mand forskilled workers associatedith growing trade
between developed countries and lower wage developing countriestedlth increase wages
for therelatively skilledand decrease them for thess-skilled. Higher wages tarn couldhave
led to the adoption of more advanced technologies to reptegieer skilled workers. This
alternate explanation would also have seen asingly highemwagesbeing paid in establishments
that started the decaeeth a wagepremium. These establishments would have Ibeesewith
higher initial levels otechnology. They would also have increased technologyheseostsince
theincentives to save laboupsts would have bedngherhere. No attempt isiade here tgort
outtherelative effect of technology arichde. This issue iddressed in aaccompanyingpaper
(Baldwin and Rafiguzzaman, 1996).
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