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Some Potential Job Displacements Associated 
with Computer-Based Automation in Canada 

THOMAS H. McCURDY 

ABSTBACT 

llus paper computes the range of feasible adlustment paths for the Canadum economy m response to the 
adophon of some computer-based-automatron technologres The paper also compares altematrve scenanos which 
are determmed by different rates of dtffusron of the new technology, drfferent degrees of dependence on fotergn 
production of the reqmred new equipment, and Qfferent degrees of success m export markets The aggregattve 
results indicate that the new Job creahon requued to prevent technologrcal unemployment will be relatively 
small However, the dtsaggregattve results show that the matchmg of (occupattonal) skdls and (sectoral) locatton 
of the drsplaced workers with those tequned by the new technologrcalkrccupatronal structme will be an rmportant 
issue 

1. Introduction 
There is considerable disagreement about the employment effects of computer-based 

technical change. There have been many dii predictions concerning the potential net 
loss of jobs due to automation made possible by mtcroelectronics. However, others argue 
that technological progress promotes increased producttvity, real income and growth. 
Accordingly, if workers are displaced by machines, such technological unemployment 
should only be temporary since appropriately operating market mechanisms (resulting in 
changes in relative product and/or factor prices and in expenditure of increased incomes) 
would ensure that those workers are re-employed somewhere m the economy. Therefore, 
according to this view, the displacement of workers will be far worse if the new technology 
is not adopted. In an open economy, the increased competition from newly industrializing 
countries and from other advanced mdustrtalized countries makes technical progress 
necessary in order to retain export markets and also to compete with imports. Changes 
m international comparative advantage and thus in the world distribution of income may 
be associated with the effective adoption of the new technology. 

Is it possible to resolve the disagreement concerning the potential impact of technical 
change on employment? Without wishing to minimize the problems of adjustment (par- 
ticularly for the mdivtduals affected), earlier fears of sustained widespread technological 
unemployment in response to, for example, assembly line production and mainframe 
computers did not materialize It is difficult to find historical examples of sustained 
technological unemployment. In fact it would appear that countries with a fast rate of 
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techtucal mnovation have had low rates of unemployment rather than the other way 
around. Are there reasons to believe that the latest new technology (the microelectronics 
“revolutton”) has special characteristtcs which might make Its potential (un)employment 
implicattons different from earlier technical revoluttons? 

It 1s virtually tmposstble to predict the aggregate and structure implications of the 
pervasive technological and organizational changes which are likely to result from, and 
accompany, microelectronic-based technical change. Nevertheless, it is posstble to analyse 
spectfic aspects of the impact of this technical change. In particular, successful technical 
change invanably mvolves fewer inputs per unit output of goods and services. Many 
components of this new technology-such as, computer-based automation-appear to be 
labor saving m that the labor required per unit of output falls. This heightens fears that 
Jobs will be lost. For example, automation is clearly a threat from the viewpoint of a 
bank teller whose Job is being replaced by a machme and who thus must retrain for 
different tasks within the firm or perhaps even search for a new Job in another firm or 
industry 

However, the idea that there 1s a fixed number of Jobs for which humans and machmes 
compete 1s clearly fallacious. From the viewpoint of society as a whole, we need to 
recognize that new Jobs are created (often mdtrectly) by the new technology, and that 
there are feedback effects of higher real incomes (the productivity dividend). That ts, 
technical change usually improves producttvtty (output per person) and thus potentially 
improves our standard of hvmg-either m the form of higher income or an increase in 
leisure m the form of shorter workmg hours. 

Therefore, case studies of particular mdustrres or occupations can be misleading 
with respect to the overall (net) effects, since lob displacement IS an important part of 
growth Technical change and/or changing patterns of final demand will initiate structural 
dynamics which ultimately should lead to movement of workers from declining sectors 
to new opportunities in growing sectors 

Nevertheless, even in the context of potential technologtcal unemployment due to 
slow adJustment towards a new technological and occupational structure, there are tm- 
portant emptncal issues. One of these issues 1s the potential structural unemployment 
which is manifested m a mismatch (for occupations (skills), sectors and even countries) 
of displaced posmons and the vacancies created m the growing sectors, Modeling the 
potential sources of future occupattonal and sectoral shifts provides an indication of the 
magnitude and speed of adJustment that will be required to avoid such structural un- 
employment. 

This paper reports results from a model which simulates some potential tmphcations, 
for the Canadian economy, of the computer-based automation (CBA) technologies ana- 
lysed by Leonttef and Duchin [ 141. CBA technologtes applied to production processes 
(robotics, computer numerically controlled (CNC) machme tools, computer-aided design 
and manufacturmg (CAD/CAM)) and offices (information processmg equipment) are only 
one component of the microelectromcs revolution. Therefore, this apphcatton of the model 
to computer-based automation has a more specific focus than an earlier application [ 151 
and also benefits from an extensive collection of more recent Canadian data on machme 
tools, robots and computers. Furthermore, the CBA applications of microelectronic-based 
technology have more precrsely quantifiable impacts on labor productivity and hence on 
changes m the demand for workers by industry and occupatton. 

Since computer-based automatton reduces the demand for labor per unit of output, 
if output stays constant after the CBA 1s introduced, then workers will be displaced for 
some occupations and mdustries However, when/if the appropnate structural adJustments 
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take place, those displaced workers will be re-employed and national income will increase. 
An increase in the rate of dtffusion of the new technology will imply mom inihal dis- 
placement but the higher productivity gains should ultimately improve national welfare. 
These comparisons highlight the importance of the required structural adjustments. Our 
model computes the potential size of these effects at both disaggrcgated (by sector and 
occupatton) and aggregated levels of detail 

The results indicate that the current stages of automation should not seriously threaten 
the total ‘&mber of Jobs available Historically, the economy has absorbed the workers 
who have been displaced by increased productivity and automation. The calculations of 
the effects of computer-based automation suggest that the magnitude of absorption or 
new job creation required (to prevent technological unemployment) will be relatively 
small when compared wtth that necessitated by the increased participation rates of women 
and the demographic bulge associated with the post-war baby boom. Nevertheless, the 
results also show that the impact of the new technology will be more. severe for some 
occupations and sectors than others. Matching of skills available and those required by 
the new technology may not be trivial. In addition, the tmphcations for displacement of 
females versus males are clearly different for office than for production applications. 

II. Summary of the Model Structure 
It is difficult to predict the ner (that is, after any structural and economic adjustments 

which facilitate matching of displaced workers with job vacancies brought about by the 
new technology) employment implications of CBA by aggregating industry studies or 
survey responses. Such studies’ are very important as sources of information concerning 
the sectoral detail Nevertheless, in order to compute the effects for structural unem- 
ployment (sectoral and occupational msmatches) and for aggregate (un)employment, it 
is also necessary to explicitly model: the sectoral mterdependencies; the interactions 
between supply and demand’-such as the feedback initiated by the productivity dividend; 
and the potential for export-led growth by those countries which adopt a more rapid 
diffusion of the new technology 

Earlier literature on formal modeling of the impact of microelectronics on employ- 
ment has been surveyed by OECD [22] Most of these models-notably, Bundesmmis- 
terium fur Wissenschaft und Forschung [l] and Whitley and Wilson [31]-are either 
input-output models or large scale macroeconometric models with an appended mput- 
output structure. More recent modeling of the unemployment impact of new technology 
has been reported m Dungan and Younger [7], Howell [ 111, Leontief and Duchin [ 141, 
Office of Technology Assessment [ 18, 191, Roessner [25] and Rumberger and Levin 

WI. 
Our model3 integrates a 39 sector input/output structure and the nattonal income and 

product accounts into a single framework. That is, an econometric model is fitted to real 
(1971 constant dollars) aggregate time series data to model the level of final demands, 
while the evolving mpuffoutput structure. disaggregates those levels across detailed sec- 
total, occupattonal and commodity classifications. 

Our strategy is: 1) to base the model in the actual data at a disaggregated level- 

‘See, for example, DeMelto, McMullen and W&s [4], Globerman [IO], Ontario Task Force on Employ- 
ment and New Technology (211, P~lorusso [23], Pohcy Studies lnstltute [24], and Wemeke [30] 

?See, for example, Neary [17] and Whltley and W&on [31] 
3Addltional detads concerning the model structure and solution method are avadable from the author upon 

request 
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for example, the stmulations are calibrated on an annual basis to a reference or baseline 
path which mcorporates detailed sectoral trends for both supply and demand; (2) to compile 
and adapt as much mformatton as possible at a disaggregated level concerning the labor 
productivity lmpacrs of computer-based automatron, and then utilizing this sectoral and 
occupational information; 3) to simulate the ne? effects of CBA when the interdependenctes 
of the economy are exphcttly modeled In particular, we compute the range of feasible 
post-technical-change adjustment or transmon paths for any parttcular scenarto, and also 
compare the effects of alternative scenartos where the latter are tdenttfied by, f&?xample, 
different rates of diffusion for the new technology. 

Three solutions are computed for each year. For example, for year 1995 (or for any 
other year 19~~): 1995(ref) is the reference (or baseline) solutton-that IS, without the 
computer-based automatron (CBA); 1995(shock) is the post-CBA solution whtch mcor- 
porates the effects of the CBA technical change while keepmg the level (but not the 
structure) of final demand equal to that along the reference path; and 1995(final) IS the 
solutton m which displaced workers, computed using the 1995(shock) solutron, are re- 
employed using the new technologtcal/occupattonal structure. This final solution allows 
us to compute the income and associated final demands made possible by the new 
technology using reference solution overall employment levels 

While the model does not predict the exact level of unemployment m any gtven 
year, it does provide upper and lower bounds on the unemployment hkely to arise due 
to computer-based automation. The latter is provided by the post-technical-change (final) 
solutton whereas the former IS approximated by the post-technical-change (shock) solu- 
tion.4 Which of these solutions will be closer to the actual unemployment will depend 
on the ability of the labor market to provide new Jobs for drsplaced workers. If adJustments 
are mstantaneous such that all workers displaced by the new technology are re-employed 
imrnedlately accordmg to the new technologtcaYoccupattona1 structure, then 1995(final) 
will be the relevant post-technical-change solution. At the other extreme, rf output remams 
at reference (no CBA) levels throughout the stmulatton, then the predicted post-techmcal- 
change solution 1s 1995(shock) so that very few of the displaced workers will be re- 
employed. Of course, addmonal structure on the model provided by, for example, a 
theory of skill acqutsmon, could predict a parttcular solutton between 1995(shock) and 
1995(final). 

Time paths are generated for each of the above three solutions by computing those 
solutions year-by-year from 1982-95 usmg the converged values for each path m year 
t-l as starting values for the corresponding path m year t. The demand side evolves 
accordmg to the proJecttons of the econometric model surtably perturbed by feedback 
from the CBA in the case of the two post-techmcal-change solutions 19xx(shock) and 
19xx(final). Thrs feedback mcludes the mcome effects to factors of production from the 
productivity dtvidend,5 the change in the structure of final demand, and the change m 
the structure and level of demand for vartous occupations (mcluding employees versus 

Total displacement 1s computed usmg outputs from the reference solution The difference between total 

employment for the pre-technical-change (reference) solution and that for the post-techmcalchange (shock) 

solution IS approximately equal to total displacement smce, although the level of final demand IS the same for 

these two solutions, the change m Its structure brought about by the technical change (for example, different 
sectoral allocations of Investment and imports) will have some employment lmphcatlons 

5A hnk between demand and supply IS mcorporated via an economemc estimation of the time senes 

relatlonshlp between factor incomes (wages per employee and profits per self-employed hour) and productlvlty 

(per hour) This provides a channel through which the productivity dividend or income effect of the technological 
progress IS transmitted to final demand 
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Fig.1. Cs~BbratIo~~ of post-technlcaI-change soIuti0~ to the basebe path and comparison of the 
three solution path3 in output and employment space. 

self-employed). The supply side evolves according to the reference path chosen and the 
particular assumptions concerning the impact and the rate of diffusion of the new tech- 
nology. 

In summary, as illustrated in Figure 1, two post-technical-change paths (19xx(shock) 
and 19xx(final)) are computed for each scenario relative to the chosen reference or baseline 
path (19xxQef’)) which the alternative scenarios have in common. Solution path 19xx(final), 
which computes the implication of re-employing workers displaced by the CBA is very 
important because it incorporates the potential feedback, unlike Bundesministerium [l] 
and other Keynes-Leontief-type models criticized by Whitley and Wilson [3 I] and OECD 
[22]. Our two post-technical-change paths bound the range of feasible transition paths. 

While it might be useful to model the behavioral reactions to the CBA explicitly 
(that is, trace a particular transition path from 19xx(shock) to 19xx(final)), this is very 
difficult to do empirically without additional informatio+for example, elasticities of 
demand for skills or occupations and a theory of skill acqmsihon. Therefore, our model 
does not use relative prices explicitly to predict a particular transition path.6 However, 
all the substitution trends embodied in the annual, constant dollar, input/output use (input), 
output and final demand matrices at the medium (thirty-me sector) level of aggregation 
am utilized. Furthermore, due to the dominant nature of the new techniques introduced 
by CBA, the income effects and the dynamic substitution effects (such as the changes 
in the structure of investment as the new technology is embodied) will be quantitatively 
more important than intraperiod substitutions induced by relative price changes. In other 

% detaded occupahonal demand elashclty esttmates of the ty-pe Presented m Denny and Fuss [5] for a 
Cam&n telecommunications firm were avadable for all mdustnes, the applied gene4 equdibrmm method 
would be a parttcularly attractive alternatwe methodology Also, see Sxdule and Lccbe [28] 
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words, we are not drstmguishing between shifts in the production function and movements 
along it as we track changes m the production pomts.7 Nevertheless, the dynamic evolution 
of cost prices and the associated shifts in the factor price frontier could be computed as 
output from the model. 

III. Impact Effects of Computer-Based Automation 
Considerable attention was given to matching the technical change data with the 

economrc structure of our model. One source of widely diverging predicttons for the 
impact of CBA on (un)employment IS the fatlure to mcorporate the fact that only a fraction 
of the tasks of a partrcular worker will be affected by the technical change and also the 
fact that often the Impact 1s more similar across occupatrons than rt is across sectors. 
That IS, there are both important sectors (such as the electronic and the machinery and 
equipment producing sectors) and important occupatrons (such as information processing 
operatives, machmtsts, assemblers, etc.) which need to be distinguished in modeling the 
technical change. A further source of the divergent predictions concerning the effect of 
CBA IS the varrety of different opinions concerning the rate of drffuaon. 

We have addressed these issues by using shock data whrch incorporates: the fraction 
(S) of workers’ hours potentially affected by computer-based automation, the labor pro- 
ducttvtty using the new technology relative to that using the old technology (P); and 
alternative rates of diffusion (DF) which tell the model how qurckly we wash to approach 
the potential levels of automation in the vartous sectors. The post-technical-change input 
matrrx will mcorporate the fact that the same output can be produced wtth fewer labor 
inputs. Also, the inter-industry input matrix is adjusted to reflect some changes m matenal 
inputs due to the CBA techmcal progress 

Appendices B and C m McCurdy [16] report details on sources and methods of 
rmplementatron of these data which predict the impact of CBA on labor productivity and 
the matenal input reqmrements. This study IS indebted to the Leontief and Duchm [14] 
study which was a major source for these data. The impact of a microprocessor-based 
machme doing a partrcular task in a partrcular industry should be similar in Canada and 
the United States. Of course, the rate of adoption of such machines and the trade im- 
phcations could be very different across countries. This IS one reason that we compute 
alternative scenarios with respect to those variables 

IV. Results 
Data (sectoral/occupational employment matrrces, final demand, sectoral outputs and 

inputs) from the post-technical-change paths-19xx(shock) and 19xx(final)-are com- 
pared to those from 19xx(ref) and decomposed according to changes orrginating from 
the supply side (productrvity and input changes) versus final demand changes. A com- 
parrson of the 19xx(final) path with the 19xx(ref) path isolates the structural adJustments 
(occupational and sectoral) requued to re-employ the workers displaced by the CBA- 
the latter having been computed using the difference between the 19xx(shock) and the 
19xx(ref) solution paths. Displaced workers by occupation, sector and application (pro- 
duction and office) are reported for total displacement (both levels and percentages of 
base-year commercral employment) and female displacement. 

%ee de Boer and Donkers [2] for a dIscussIon of the relatIonshIp between the mnput/output specification 
of the production technology and other spe&icatlons 
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TABLE 1 

Emw-t aod IR@cmcnt of Workem Altcr~tive Reference PatIm Using Scemrb 000 

Reference Path B R RH E EH 

TE 13753 12526 12846 12692 13075 
CE 10246 9019 9338 9185 9568 
E 9036 8058 8344 8214 8557. 
SE 1216 %l 994 971 1011 

Cumulatwe Displacement (CBA) 
level 411 350 355 351 357 
% of (1981) CE 51 44 44 44 44 
96 of (1995(ref)) 40 39 38 38 3.7 
UR(=f) 20 10 7 84 95 68 
UR(shock) 40 12 6 10 4 114 88 
UR(final) 16 10 5 82 93 66 

Key B, reference path which keeps labor productrvlty (l/Q). mtermdustry Inputs (A), allocation of demand 
across sectors (FDSTR), and average weekly working hours by Industry (HW) fixed at base-year (1981) levels, 
R, reference path which allows Q, A, FDSTR, and HW to evolve accordmg to then hlstoncal rates of change, 
RI-I, reference path which 1s the same as R except that HW IS decreased by 5%-for example, from 40 hours/ 
week to 38-that IS, relative to the HW along path R, for each sector I and date t, HW’(I,t) = HW(I,t) x 

( 95), E, reference path which allows Q, A, FDSTR, and HW to evolve as m R but subtracts the Impact of 
CBA on Q and A from the hlstoncal trends so that the reference path contams all the sources of producttvlty 
improvement except those due to CBA, EH, reference path makes the same adjustment to HW for E as m RH, 
TE, IS total employment or CE + EH where EH IS “hIdden employment”, that IS, employment not covered 
by commercial employment CE from the mputioutput-based supply side of the model, CE IS further Lsaggregated 
mto employees E and self-employed SE, UR(re.f), IS the unemployment rate for the reference (or baselme) path 
solution m 1995, UR(shock), IS that for the solution mcorporatmg CBA but keeping final demand at reference 
path levels, UR(final), 1s that for soluhon with displaced workers re-employed using the new te.chnologlcaU 
occupational structure Scenano 000 IS defined m the key to table 2 Table Items am m thousands of workers 
for the first five rows and percentages for the last five 

N 1 DISPLACEMENT OF WORKERS RELATIVE TO ALTERNATIVE REFERENCE PATHS 

Table 1 compares the displacement effects of CBA and the (un)employment impli- 
cations of choosing alternative out-of-sample reference (or baseline) paths. With respect 
to choice of a reference path, one view is that the computer-based automation is revo- 
luttonary, while according to others it is evolutionary in the sense that is a continuation 
of past trends of technical change. We model the former view using a reference path (R) 
which allows the historical trends for productivity improvement to continue out-of-sample 
by incorporating the extrapolated rates of change for labor productivity and the materials 
input structure. In that case, the post-technical-change paths (shock and final) result from 
superimposing the impact of CBA on the historical trends. Alternatively, the evolutionary 
reference path (E) subtracts the impact of CBA on labor productivity and other inputs 
from the historical trends (for out-of-sample simulations) so that the reference path contams 
all the sources of productivity improvement except those due to CBA. Then the post- 
technical-change paths will add the productivity improvements due to CBA such that the 
total effect will approximate historical trends. Both the R and the E reference paths allow 
the structure of final demand across commodities, and weekly working hours by sector 
to evolve according to historical rates of change. 

Results are also reported using some other choices for the reference path. For 
example, one extreme version (B), which is often used in input/output based models, 
holds the technology, plus the structure of final demand across sectors and weekly working 
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hours, constant at base-year (1981) levels. In this case, CBA will be the only source of 
increased productivity out of sample. This is clearly unrealistic-these results emphasize 
the importance of mcorporatmg the substltutron and income effects for both demand and 
supply processes. Other choices for the reference path (RH or EH) are the same as R 
and E except that the sectoral average weekly working hours are decreased relative to 
hlstoncal trends. These reference paths allow us to evaluate the potential impact on the 
level of (un)employment of allowing a faster decrease m the length of the working week- 
a “pohcy” which 1s sometimes proposed as a solution to high rates of unemployment. 

Table 1 reports that the unemployment rate (hereafter referred to as UR) for the E 
reference solution m 1995 1s 9 5% m contrast to 10 7% for the R case. Under scenario 
000 (see Section IV.2 below), the cumulative impact of CBA is to increase the UR by 
1 9% to 11 4% and 12.6% for E and R respectively. However, when/if the appropnate 
structural adJustments take place such that the displaced workers are re-employed, the E 
(alternatively R) UR settles at 9 3% (alternatively 10.5%). Allowmg average weekly 
working hours to decrease at a faster rate decreases these unemployment rates to 6.6% 
and 8.2% respectively. 

A particular choice of reference path E will affect the levels of the vanables- 
particularly the unemployment rates-but will not substantially change the structural 
impact of CBA or the comparative scenano analysis for which the model was designed. 
Therefore, although in my opmlon the reference path 1s the most sensible baseline for 
the year-by-year calibration of the model, most of the results are reported relative to the 
R reference path for computational reasons 

IV 2 ALTERNATIVE SCENARIOS 

After choosmg a reference path, one chooses a scenano. We have used scenano 
parameters (as m Bundesmmistermm [ 11 or Schmoranz [27]) m order to compute alter- 
native scenanos for the post-technical-change solution paths 19xx(shock) and 19xx(final). 
The parameter DFscenarro indicates the rate of dlffuslon of the new technology. This 
parameter allow us to compute the probable (DFscenmo = 0) and the upper bound 
(DFscenmo = 2) for the rate of adoption. Parameter IMscenano captures different de- 
grees of dependence on foreign production of new CBA equipment. For example, d 
IMscenano equals 0, the same fraction of investment 1s Imported as for the reference 
solution path 19xx(ref) On the other hand, when IMscenano equals 1 all the investment 
related to the new technology equipment IS imported Finally, EXscenmo allows us to 
perturb the export path. Therefore, (DFscenano IMscenarro EXscenario) equal to 000 1s 
an example of a particular scenano choice. 

Table 2 reports the implications for displacement and (un)employment of some 
alternative scenmos. Appendix B 2 in McCurdy [16] discusses m some detail the im- 
plications (for final demand feedback and the level of imports) of the investment requlre- 
ments to embody the new CBA technology in the capital stock. Since a high proportion 
of machinery and equipment investment IS already imported (along the reference path), 
importing all the new CBA equipment which 1s required by the rate of diffusion O-that 
is, scenario OlO-does not change the results a great deal relative to scenano 000. 
Essentially, the displacement of workers due to the apphcatlon of CBA 1s the same but 
the final demand level 1s lower since imports are higher relative to the 000 scenario. The 
net effect IS a 1995(final) UR which is 0 2% higher for scenario 010 relative to 000 On 

‘Also, the level of @@employment predlcted for 1995 IS senuwe to the extrapolation of EH (the non- 
commerual employment) out of sample 
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TABLE 2 
Displrement of workem for mme Alternative ScamrhmRdativetnR&ranceRthR 

SCCMflO ooo 010 001 200 211 

CE 
E 
SE 

Cumulative Displacement due to CBA 
level 
% of (1981) CE 
96 of (1995(ref)) CE 

UR (shock) -UR (rcf) 
UR (final) -UR (tef~ 

-3.0 -32 -07 -7 2 -52 
-3 1 -33 -0.8 -74 -54 
-23 -25 04 -54 -30 

350 0 350 0 354 0 857 0 8640 
44 44 44 10 7 10 7 
39 39 39 95 96 

+19 +19 +04 +46 +3 3 
-02 00 -17 -05 -18 

Key. Scenartos are labelled by the settmg of scenarto parameters (DFscenano, IM scenarto, EXscenano) where 
DFscenano indicates the rate of adoptton or dtftusmn-0 and 2 are stmtlar to scenarios 2 and 3 m Leonttef 
and Duchm (1986) Ihlscenano mdtcates the fraction of CBA eqmpment which IS trnported-0 tmpbes that 
the same fractton IS tmported as for machmery and eqmpment mvestment along the reference path, whtle 1 
tmphes that all new CBA equtpment 1s tmported EXscenarto mdtcates the level of exports-O and 1 Imply 
emptrtcally observed and a shift (Increase) m the export functton by 5 percent, respecttvely Table Items m the 
first thme rows are. percentage displacement relattve to then common reference path solutton, that IS, [(1995 
(shock)/1995 (ref))-1] x 100 See Table 1 for key to vanable defimttons 

the other hand, comparmg scenario 001 with OOO-that is, increasing exports by 5% for 
the former relative to the latter-results in a 1.5% decrease m the UR. The extra final 
demand due to htgher exports, presumably brought about by improved competitiveness 
due to the adoption of CBA, almost completely offsets the displacement due to the CBA. 

A much faster rate of diffusion of the known CBA technology, indicated by a 
DFscenario setting of 2 rather than 0,9 results in more than twice the cumulative dis- 
placement (4.4% to 10.7% of the base-year commercial employment for scenario 000 
versus 200). Of course, in the unlikely event that we were able to achieve such a fast 
rate of diffuston, we may have to import more equipment and, since we would probably 
be adopting CBA at a faster rate than our trading partners, we would be able to increase 
our exports-resulting in a scenano such as 2 11. 

Although the cumulative displacement of workers increases as the rate of diffusion 
of the new technology increases, from the vrewpoint of output per employed worker, a 
faster rate of diffusion is beneficial. Table 3 illustrates some benefits of technical progress 
and costs of higher imports by computing the changes in levels of mcome and final 
demand when all the structural adjustments have taken place-that is, when the displaced 
workers are re-employed using the new technological/occupational structure and the 
solution 1995(final) is attained. For example, under scenarro 000 (alternatively 200), 
GDP is 3.8% (alternatively 9.7%) higher by 1995 than it would have been without the 
ad$tion of CBA from 1982-1995. As another example, wages per employee hour 
incnase by 6.2% (lO.l%-3.9%) when, ceteris paribus, the rate of diffusion mcreases 
from that indicated by DFscenario = 0 to that for DFscenario = 2. 

IV 3 DISPLACEMENT BY SECTOR AND APPLICATION OF CBA 

/Tables 4 to 6 provide a dtsaggregated account of the potenttal impact of the CBA 
modeled in this paper on the number and proportion of displaced workers by sector, 

9A DFscenano equal to 2 rather than 0 tmphes assumpttons concermng the labor productrvtty Impact of 
CBA analogous to the upper bound scenarto m Leontief and Duchin [ 141 Also, scenarto 200 assumes double 
the number of robots m be m place by 1995 relattve to scenario 000. 
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TABLE 3 
Change ln Aggregate Variables for some Alternative Scemulos assuming Re-employment of Displaced 

Workers 

Scenano ooo 010 001 200 211 

GDP 38 36 

CONS 42 40 

IVME 35 35 

EX 40 38 

IM 42 43 

WG 39 36 

WGH 39 38 

PRG 52 50 

PRGH 46 45 

61 97 11 9 

65 10 8 13 0 

34 88 87 
I1 4 10 1 17 7 

80 10 6 14 8 
70 10 0 12 8 

53 IO 1 I1 3 

80 13 4 16 2 
53 11 8 12 4 

Key See Table 2 for a key to scenano defimtlons GDP IS gross domestic product, CONS IS pnvate sector 

consumption, IVME IS machmery and eqmpment Investment, EX IS exports, IM IS Imports, WG and WGH 

are gross wages and same per employee hour, and PRG and PRGH are gross profits and same per self-employed 

hour Table Items are percentages relative to their common reference path solution for 1995, that IS, [(1995 

(final)/1995 (ref))-1] X 100 

occupation, application (production and office) and sex These tables are aggregated to 
11 occupational groups (plus totals) with those occupations which are likely to be mflu- 
enced by a particular apphcatlon of CBA grouped together lo 

In terms of total cumulative displacement (Table 4), it is clear that the sectors with the 
highest proportlon (relative to 198 1 employment) of Jobs affected are the metal fabncatmg, 
machinery and transportation equipment mdustnes with displacement rangmg from 12.0% 
to 19 6%. The rubber and plastics products industries have over 10% affected, while pnmary 
metals, electrical products, furniture and fixtures, wood, miscellaneous manufacturmg, and 
non-metallic mineral products mdustnes, as well as services to business management, all 
have between 5% and 10% displacement. The dlsaggregation of this total displacement to 
apphcatlon shows that most of the production displacement occurs in sectors dealing with 
metal fabncating, machinery, transportation equipment, construction and pnmary metals, 
while that for office apphcatlons 1s concentrated m wholesale and retail trade, finance, m- 
surance and real estate, and m services to business management. 

With respect to the occupational implications of production applications of CBA (Table 
5), notice that negative displacement implies that the CBA creates Jobs m that cell. This 
situation occurs for computer professionals. For some sectors, the displacement by com- 
puter-aided design (CAD) equipment (for example, draughtsmen-related jobs) offsets the 
Job creation associated with other professionals such that there is net displacement. Also, 
the percentage displacement for machmists is quite high but note (from Table 8) that they 
constitute a very small proportion of the total employment. For scenario 000, machinists 
decline by 1.11% m proportional terms as compared to the pre-CBA reference path. h 

For occupational implications of office applications of CBA (Table 6), clerical Jibs 
are the hardest hit-both m terms of absolute numbers and m terms of percent of 1981 
employment Finally, 34% of the cumulative displacement occurs for jobs which were 

“Notice that Smce &placed workers are computed before final demand feedbacks occur-that IS, by 

comparmg 19xx(shock) with 19xx(re+-only those occupations wluch are dmzctly Impacted by the CBA are 
reported for tables 4 to 6 Displaced workers by sector, occupation and apphcatlon dlsaggregated to the 3-d@ 

occupatIonal class&ahon on wtnch our model IS based (80 occupations), the mappmg from 80 occupations to 

the occupatIona groups reported m tlus paper, and more &aggregated results on the percent of &placed Jobs 
wluch were held by females m the base year are reported m McCurdy [ 161 



JOB DISPLACEMENTS ASSOCIATED WITH AUTOMATION 309 

TABLE 4 
~tbySatorPndAppliationolCBA:RelrmreRthR~SeenuioOQB 

% of 1981 
COmnlerclal 

Employment 
sector Fvoduct10n Oftice Totals in Sector 

1 Agnculture 0404 0 688 1092 
2 Forestry 0 753 0240 0993 
3 Fishing, Hunting, Trapping 0065 0099 0 164 
4 Metal Mmes 1 74s 0364 2 109 
5 Mineral Fuels 0 382 0 989 1 371 
6 Non-Metal Mmes and Quames 0 693 0 153 0 846 
7 Services Incidental to Mmmg 0951 0 377 I 328 
8 Food and Beverage Industnes 6946 2 894 9841 
9 Tobacco Products Industnes 0 195 0093 0 288 

10 Rubber and Plastics Pmducts 5 747 1 333 7 080 
11 Leather Industnes 0 937 0 191 1 128 
12 Textiles Industnes 2 129 0551 2 680 
13 Kmttmg Mdls 0 465 0 120 0 585 
14 Clothmg Indusmes 3 323 0 689 4 013 
15 Wood Indusmes 7 150 0 758 7908 
16 Furmture and Rxtures 3 812 0 517 4 330 
17 Paper and Allied Industnes 5 700 1304 7004 
18 Pnntmg and Publishing I 701 1 813 3 514 
19 Pnmary Metal Indusmes 10 782 1 210 11 992 
20 Metal Fabncatmg Industnes 29 096 2 017 31 113 
21 Machinery Indusmes 11 153 1 854 13 007 
22 Transportation Equipment 22 415 2 362 24 777 
23 Electrical Products 8 505 1 561 10 066 
24 Non-Metallic Mmeral Products 3 258 0606 3 864 
2s Petroleum and Coal Products 0 461 0 437 0 898 
26 Chemical and Chemical Products 1 557 1504 3062 
27 Miscellaneous Manufactunng 3 873 1 128 5001 
28 Construction Industry 18 309 5 370 23 679 
29 Transportation and Storage 5 138 6 127 11 265 
30 Communica~on - 1 910 5 297 3 386 
31 Electrical Power, Gas, etc 2 736 1 793 4 529 
32 Wholesale Trade 6 230 14 931 21 160 
33 Retad Trade 13 058 40 098 53.156 
34 Fmance, Insurance, Real Estate -11 189 29 134 17 945 
35 Education, Health Services -0 788 1 532 0.744 
36 Amusement, Recnzatlon Services 0 347 1 202 1.549 
37 Services to Business Management 14 750 19 426 34 176 
38 Accommodation, Food Services 0 135 3 932 4.067 
39 Other Personal Services 12 229 2 248 14.478 

02 
16 
OS 
3s 
36 
40 
34 
42 
33 

115 
43 
40 
29 
42 
70 
80 
54 
32 
97 

19 6 
12 0 
13 9 
79 
70 
42 
35 
75 
34 
24 
16 
47 
44 
39 
32 
06 
18 
60 
08 
SO 
44 Totals 193 243 156 944 50 187 

Key Enmes a cumulative to 1995 and are m thousands of workers A negative entry implies that Jobs are 
created 

held by females at the time of the 1981 census (our base year). Tables 5 and 6 show that 
this proportion is much higher for office applications of CBA than for production appli- 
cations (67.1% versus 7% respectively). There are also significant differences across 
sectors in this regard.” 

“See McCurdy [16]. 
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TABLE 5 
Displacement by Sector and Occupation for Production Applications as a Percentage of 1981 

Commercial Employment: Reference Path R and Scenario 000 

Fabncators 

(NE-f) Assemblers Equipment 
Sector Rofessionals Processors Machmlsts Repamxs Operatives Total 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 

15 
16 
17 

18 

19 
20 
21 
22 

23 

24 
25 
26 

27 

28 
29 
30 
31 

32 
33 
34 

35 
36 

37 
38 

39 

Total 

01 58 
34 JO 

-8 1 97 
24 55 

-70 91 
32 58 
58 62 

-17 J 54 
-12 1 41 

-16 98 
- 19 J 45 

-99 43 
-48 30 
-25 44 
-5 1 55 

17 55 
-9 1 57 
-37 43 
-5 3 63 

11 0 60 
-13 4 59 

-70 JO 
14 3 47 
04 57 

-99 72 
-68 53 
-11 59 
25 2 68 

-16 J 66 
-85 42 

28 71 
-27 0 59 
-12 0 64 
-700 76 

-12 69 
-0 1 64 

68 JO 
-22 42 

04 72 

-19 57 

35 4 58 58 01 

46 2 JO JO 12 

74 2 97 97 02 

36 3 55 55 29 
67 8 91 91 10 

38 0 58 58 33 
39 J 62 62 24 

35 0 54 54 30 
24 8 41 41 22 

74 5 98 98 94 
26 5 45 45 36 

24 3 43 43 31 
12 1 30 30 23 
26 0 44 44 35 
36 2 55 55 63 

37 0 55 55 70 
37 5 57 57 44 
26 2 43 43 16 
42 6 63 63 87 
39 J 60 60 18 3 
39 3 59 59 10 3 
47 6 JO JO 12 6 
29 4 47 47 67 
36 9 57 57 59 
52 2 72 72 21 

32 4 53 53 18 
38 3 59 59 58 

48 1 68 68 27 
448 66 66 1 1 
20 1 42 42 -09 
49 2 71 71 28 
41 1 59 59 13 
45 6 64 64 10 
55 1 76 76 -20 
48 3 69 69 -07 
45 8 64 64 04 
50 J JO JO 26 
29 1 42 42 00 
53 3 72 72 42 

42 4 60 59 24 

percent of displaced Jobs which were held by females in 1981 
19 2% 60% 20 5% 21 2% 7 0% 

Key Enmes are cumulative displacement rates 1982-1995 due to CBA as percentages of base-year (1981) 
cornmercml employment A negative entry unphes that Jobs are created For a key to the sectors see Table 4 

It must be remembered that the displacement of jobs reported in Tables 4 to 6 
corresponds to the post-techmcal-change path which keeps final demand levels equal to 
those along the reference path. Once the appropriate structural and economic adjustments 
take place, those workers should be re-employed according to the new technologi- 
cal/occupational/sectoral structure implicit in the displacement patterns. 



JOB DISPLACEMENTS ASSOCIATED WITH AUTOMATION 311 

TABLE 6 
Displacement by Sector and Occupation for OffIce Appkationa as a Fkrcentage of 1981 Commercial 

Employment: Reference Path R and Scenario 000 

Sector Mars & Admm Clerical Sales Total 

1 22 51 13 01 
2 23 62 13 04 
3 36 79 20 03 
4 22 66 13 06 
5 40 10 2 22 26 
6 26 73 15 07 
I 24 6.5 14 10 
8 24 71 14 12 
9 18 61 10 1 1 

10 51 13 8 28 22 
11 19 69 1 1 07 
12 16 62 10 08 
13 09 49 06 06 
14 20 71 12 07 
15 26 76 15 07 
16 26 13 15 10 
17 25 II 14 10 
18 21 62 12 17 
19 21 82 15 10 
20 21 81 16 13 
21 26 82 15 17 
22 31 10 0 18 13 
23 19 65 1 1 12 
24 24 14 14 1 1 
25 32 86 18 20 
26 21 69 12 17 
21 26 19 15 17 
28 31 72 18 08 
29 28 66 16 13 
30 13 45 08 25 
31 31 75 17 19 
32 30 84 17 31 
33 33 84 18 29 
34 36 84 20 53 
35 32 80 18 13 
36 00 II 19 14 
37 38 86 21 34 
38 00 81 21 08 
39 00 88 21 08 

Total 30 19 18 20 

Percent of chsplaced Jobs which were held by females m 1981 
23 2% 17 0% 41 5% 67 1% 

See KEY to Table 5 

IV 4 PERCENTAGE CHANGE IN OCCUPATIONAL STRUCTURE 

Recall that a comparison of the 19xx(final) path with the 19xx(ref) path isolates the 
structural adjustments (occupational and sectoral) required to re-employ the workers 
displaced by the CBA. In particular, the sectorakccupational employment matrix from 
the post-technical-change solution 1995(final) can be compared to that from 1995(ref) 
and/or 1981 and decomposed according to changes originating from the supply side 
(productivity and input changes) versus final demand changes. 

The disaggregation of occupations in our model corresponds to the three-digit oc- 
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TABLE 7 
Percentage Change in Oecupatio~I Structure: Reference Path R 

1981 1995 (ref) 
CE as % CE as % 

Occupation of Total DQ DA DY Inter Net of Total 

Mgrs & Admm 6 76 -18 9 84 33 0 -76 14 9 6 94 
Rofesslonals 7 35 -224 13 3 36 1 -110 16 0 7 68 
Clerical 19 18 -17 1 69 32 6 -9 1 13 3 19 58 
Sales 13 31 -33 -17 29 3 -25 21 8 14 59 
Services 10 48 16 2 23 31 I 38 54 0 14 54 
hmary 8 08 -31 1 -4 1 17 I -5 8 -23 3 5 59 
Pmcessors 4 98 -27 7 -5 8 26 8 -77 - 14 4 3 85 
Machmists 3 36 -17 9 -86 34 1 -90 -14 2 98 
Fabncators, 10 01 -206 -38 30 2 -68 -10 8 92 
Assemblers, 
Repavers 
Construction, 12 63 -15 I -13 30 5 -74 61 12 06 
Transport 
Operatives 
Equipment 3 87 -26 1 -02 30 2 - 10 4 -65 3 27 
Operatives 

Total 10000 -14 5 14 30 3 -62 110 10000 

Key Changes arc calculated accordmg to [(1995(ref)/1981) -11 x 100 DQ = percent change m CE due to 
labor productlvlty (l/Q) changes DA = percent change m CE due to matenal input changes DY = percent 
change m CE due to final demand changes inter = percent change m CE due to second and thmJ-order 
mteractlon effect-such as DQxDY net = DQ + DY + DA + inter See table 1 for a definition of 
Reference Path R 

cupational classification-from which 80 occupations are included. Notice that the oc- 
cupational aggregatron reported m Tables 7 to 9 does not correspond to any standard 
classification but rather occupatrons which are likely to be mfluenced by a parttcular 
application of CBA are grouped together. 

Table 7 compares the occupational structure for the R reference path solution in 
1995 with that for the base-year 1981. In total, mcreases m labor productivity decrease 
the required commercial employment by 14.5% from 1981-1995. That is, 1981 output 
levels could be produced with 14.5% fewer workers using 1995 technology. Nevertheless, 
increases m final demand offset this direct negative impact such that, on average, there 
is an net increase in employment. When the scale (growth) effect (11% m total)12 1s 
excluded, the service-related occupations (groups I to V) mcrease m relative terms (that 
is, relative to other occupational groups) over the period 1981-1995, while the occupations 
related to manufacturmg, construction and operating of transportation equipment (groups 
VI to XI) all decline m relative terms 

Table 7 reports the cumulative effect of increased labor productivity,13 decreased 

‘*The scale effect appears small This reflects both the predicted increase m the unemployment rate from 
7 5% (1981) to 10 7% (1995(ref)), usmg the R reference path, and the predicted slowdown m the growth of 
the labor force (we use a growth rate predlcted m Dungan, Cmcker and Garesche [6]) relative to the very rapld 
growth-espec~ally m partlclpatlon rates-m the 1970s Our model was designed to analyse the lmphcatlons 
of alternative scenanos and the relative shifts m occupations rather than levels and rates of growth As mdlcated 
m Table 1, the evolutionary reference path (E) would result m more plausible levels 

13However, notice that-reflecting historical trends-the personal servylce occupations are predicted to have 
a fall m output per person employed 
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TABLE 8 
pereerrtpgc Change in Oeqmtional Structure SpedtWly Due to CBA 

Reference Path R and sfenario Ooo 

Occupation 

1995 (ref) 
CEas% 
of Total 

1995 (final) 
CE as % 

DQ DA DY Inter Net of Total 

Mgrs & Admm 
Professionals 
Clerical 
Sales 
Services 

Pnmary 
Processors 
Machmats 
Fabncators, 
Assemblers, 
Repauers 
Construction, 
Transport 

6 94 -23 -01 39 -0 1 14 I 01 
I 68 20 -01 39 01 59 8 10 

19 58 -7 3 -01 40 -03 -31 18 80 
14 59 -15 -01 41 -0 1 24 14 91 
14 54 03 -01 41 00 43 15 13 
5 59 02 -01 40 00 41 5 80 
3 85 -45 -03 39 -02 -11 3 80 
2 98 -390 -03 38 -14 -369 1 87 
8 92 -45 -01 39 -02 -09 8 82 

12 06 09 -01 37 00 45 12 57 

Operatives 

Equipment 3 27 -52 -02 39 -02 -17 3 20 
Operatives 

Total 10000 -34 -01 40 -0 1 0.4 10000 

Key Changes are calculated accordmg to [(1995(final)/l995(ref)) -11 X 100 See Table 7 for key to column 
headings 

material input requirements, and increased demand predicted by the R baseline or tef- 
erence path from 1981-1995(ref). Table 8 gives the impact of the CBA predicted by 
scenarto 000 Therefore, adding Table 7 plus Table 8 gives the total predicted occu- 
pational shifts over 1981-1995-resulting in occupational shares as reported m the fi- 
nal column of Table 8. Accordmg to this reference path and technical change scenario, 
thetotalincmase m labor productivity is such that 17.9% (14.5% + 3.4%) fewer workers 
are required to produce a given amount of output with the 1995(final) technologi- 
cal/occupational structure as opposed to that m 198 1. However, mcreases m final de- 
mand are such that 34.3% more workers are required. Once the impact of change in 
material inputs requirements and all the interaction effects are included, the net effect 
is a scale increase by 11.4%. 

Comparing the occupational structure of the post-technical-change solution 1995(finaI) 
with that for the R reference path @e-CBA) solution 1995&f), Table 8 (in the last and 
first columns respectively) illustrates the occupational adJUStmentS required to accom- 
modate the CBA @e-employ the displaced workers). For example, for this scenario, 
professtonals increase (from 6.94% to 7.01% of the total) while machinists decrease (from 
2.98% to 1.87% of the total). Some occupations (primary, personal services and con- 
struction plus transport operatives) increase not because they were directly impacted by 
the CBA technical change but rather due to the general increase in final demand made 
possible by the technical change. 

In sum, relative to the R reference path, the predicted impact of this CBA on the 
occupational structure reinforces the historical relative decrease for processors, ma- 
chinists, fabricators/assemblers, and equipment operatives, reinforces the relative in- 
crease in professionals, sales and managers/admmistrators, and offsets the relative in- 
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crease m clerical occupations. The income effects, or feedback made possible by the 
CBA, reinforce the relative increase in personal service occupations and partially offset 
the relative decrease m primary and construction trades/transport operatives occupa- 
tional groups. 

V. Concluding Comments 
Our strategy has been 1) to base the model m the actual data at a disaggregated 

level-for example, the simulations are calibrated on an annual basis to a reference or 
baseline path which mcorporates detailed sectoral trends for both supply and demand; 2) 
to compile and adapt as much mformation as possible at a disaggregated level concerning 
the labor productivity rmpacts of computer-based automation, and then utilizing this 
sectoral and occupational mformation; 3) to simulate the nef effects of CBA when the 
interdependencies of the economy are explicitly modeled. 

Without detailed mformation concemmg the appropriate elasticities, it is difficult to 
predict the speed and extent of the economy’s response to the introduction of the new 
technology. Therefore, the probable upper and lower bounds of the feasible outcomes 
are computed by solvmg for two post-techmcal-change paths-one which keeps final 
demand levels equal to those along the reference path so that the potential number of 
displaced workers can be computed, and the other which computes the final demand and 
income made possible when/if all the displaced workers are re-employed using the new 
technological/occupational structure. Additional structure on the model provided by, for 
example, a theory of skill acquisition, could predict a particular transition between these 
two extreme post-technical-change paths 

Finally, uncertainty concerning Canada’s rate of adoption of the new technology 
(relative to other countries) has been modeled by comparmg alternative scenarios which 
are determined by different diffusion rates, different degrees of dependence on foreign 
production of the required new equipment, and different degrees of success m export 
markets 

Modeling potential sources of future structural change is difficult and our results 
are, of course, subject to the usual caveat that the predictions are conditional. In particular, 
they are conditional on the mformation available about the impact of the computer-based 
automation and on assumptions, for example, concerning the model’s structure and the 
future path of exogenous variables such as the labor supply. 

Nevertheless, computing the feasible range of results gives some indication of the 
probable numbers of new Jobs required to prevent technological unemployment. The 
aggregate results indicate that application of available computer-based automation tech- 
nologies, at historically projected rates of diffusion, does not seriously threaten the total 
number of Jobs available That is, the magnitude of absorption or new Job creation required 
to prevent technological unemployment will be relatively small For example, the ag- 
gregate results for a plausible scenario 000 indicate that the CBA modeled in this paper 
inmates a 0 25% (alternatively, 0.6% for scenario 200) average yearly increase m labor 
productivity and consequently results m a cumulative-displacement of 4.4% (alternatively, 
10.7% for scenario 200) of the base-year commercial employment from 1981-1995. I4 
Of course, these calculations of CBA-initiated displacement of workers refer to only one 

‘4Th1s compares wtth the new Job creation assoctated wtth an mcrease in employment of 48% over the 
previous 14 year penod (1967-1981) which to a large extent accommodated the demographtc (baby boom) and 
female partxtpatlon rate changes 
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component of the potentml applications of microelectronics-based technical change. Also, 
the impact of CBA on non-commercial employment was not included in our model. 

A further benefit of the disaggregative approach adopted here 1s that computing the 
potential size of the displacement or dislocations at a disaggmgated level of detail provides 
an indication of the magnitude and location of possible structural unemployment (oc- 
cupational and sectoral mismatches between lay-offs and new job vacancres) initiated by 
the CBA. The results show that the impact of the new technology will be more severe 
for some occupations and sectors than others. The matching of the skills and the location 
of the displaced jobs and those required by the new technology will be an important 
issue. 

Most of the displacement associated with production applications occurs in sectors 
dealing with metal fabricating, machinery, transportation equipment, construction and 
primary metals, while that for office apphcations is concentrated in wholesale and re- 
tar1 trade, finance, insurance, and real estate, and m services to business management. 
With respect to the occupauonal displacement, machinists and clerrcal jobs are the hatdest 
hit while computer professtonals experrence a net gain in jobs in some sectors. Finally, 
34% of the cumulative displacement occurs for jobs which were held by females at 
the time of the 1981 census (our base year). However, this proportion is much higher 
for office applications of CBA than for production applications (67.1% versus 7% re- 
spectively) . 

The computer-based automation which causes the above dtslocattons should also 
initiate economic and structural adJustments which ultimately lead to the creation of new 
jobs. In particular, the occupational adjustments reqmred to accommodate the CBA will 
for the most part follow (reinforce) histortcal trends. That is, the manufacturmg occu- 
pations continue to decline in proporttonal terms while the service sector, man- 
ager/admimstratton and professional groups continue to increase. However, the CBA 
offsets the historical proportional increase m clerical occupatrons. At considerably faster 
rates of adoption, the historical increase in manager/admimstrators and professionals is 
also partially offset in proportional terms. 

Technical change which improves productivity also improves our standard of hvmg- 
either through hrgher real mcome or an increase in leisure m the form of shorter working 
hours. Therefore, although the adoption of new technology can initially result in the 
displacement of Jobs, the productivtty gains should ultrmately create jobs and Improve 
national welfare. Overall, the results for our computer-based automatton application 
hrghlight the importance of facilitating the structural adJustments required by technical 
change. 

I would like to acknowledge, with thanks, financial support from the Economic 
Council of Canada and assistance or helpful comments from J. Bet& R. Dell’Mour, 
S. Kaliski, S. Landon, A. Mansoorian, K. Newton, H. Postner, L. Wesa and R. Wood- 
house. I would also like to thank I. Barrre, N. Hancock, A. Litvak, M. Manning, M. 
Nelson, J. Richardson, T. Warner and especially R Beck for assurance in compiling 
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