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Introduction 

Among the many choices the management of a business entails, some of the most 
fundamental deal with the structuring of the work flows in the production process and the 
attendant organization of the work force. An explicit expression of these organizational 
choices is the grouping together of tasks and functions into jobs of greater or lesser 
complexity and responsibility. There results an occupational mix unique to each firm and 
industry. 

Management principles which call for extensive work specialization and simplification 
("Fordist" work organization, after Henry Ford's organizational innovations of the early 20th 
century) have traditionally been applied in job design in the manufacturing sector. However, 
with the advent of information technologies, this approach is increasingly being challenged. 
"Job enrichment" and "worker empowerment" are new job design parameters affecting the 
nature of work in the manufacturing sector. A new level of complexity is being introduced 
in the work to be performed, calling for greater knowledge on the part of workers. 

If this rethinking of job design is key to future productivity growth 1, are jobs in the 
Canadian manufacturing sector now being structured to require more, rather than less, 
knowledge? This paper looks at changes in the knowledge intensity of manufacturing 

• industries from 1986 to 1991. It applies a measure of industry knowledge intensity developed 
from the Census of Population using data on educational attainment and occupational 
category for the employed workforce. Individual industries are ranked and their shifting 
occupational mix is documented. The paper demonstrates that industries in the Canadian 
manufacturing sector became more knowledge intensive over the 1986 to 1991 period and 
that this shift is associated with increased labour productivity. 

What is occupational knowledge intensity? 

Occupational knowledge intensity can be thought of as the amount of knowledge required 
to do a job. All jobs require some job specific knowledge. Although it is an evaluation factor 
in many occupational classification schemes, it is very difficult to measure directly. Instead, 
it is usually measured indirectly by the amount of education, training and experience 
normally required to obtain the knowledge necessary to do a job. 

Beck (1991) develops a classification of knowledge intensity. She defines knowledge workers 

'This relationship is suggested by a number of authors. Reich (1991) foresees that the job market in North America will be principally 
composed of two groupe low paying personal service jobs and highly paid syTnbolic analysts, or knowledge workers. In his view, the tatter 
oecupational category will be the main generators of wealth in an economy based on the value of knowledge and informatiost. Osbcrg. Wolff 
and Baumol (1989) hypothesize that labour productivity grows faster in knowledge intensive industries: l'mductivity growth may be 
stimulated by the employment of a large number of knowledge workers. A possible explanation for this phenomenon is suggested by 
Zboff (1968). She argues that information technology has changed the nature of work and of workers. What she calls infomation. as 

• opposed to automation, converts work precees into symbolic representations in electronic text. Whereas automation can lead to the 
deakilling and alienation of the wottforee, infomation empowers workers to seek creative and value producing strategies to conszaatly 
improve production processes. 
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as professionals, engineering, scientific and technical workers, and the very senior ranks of 
management. Exactly what occupations are included is not specified nor are the criteria for 
determining which occupations fall into these categories. According to Osberg, Wolff and 
Baumol (1989), knowledge workers are a sub-group of information workers, occupations 
involving the creation, interpretation, compilation, transmission, transformation or other 
operation on information. 2  Problems with this approach include the absence of some 
outside validation (for example, education) for the choice of occupations that fall into this 
class. As a result, choices tend to be subjective. In addition, some occupations requiring the 
application of an extensive body of knowledge but not dealing primarily with information 
are not classified as knowledge workers (for example, most of the health care professions). 

This paper uses a methodology based on the educational attainment of the largest number 
of workers in each occupational category, as defined by the 1980 Standard Occupational 
Classification. The Census of Population was used to obtain data on the highest degree, 
certificate or diploma obtained by employed workers in each occupational category in 1986 
and 1991. Three levels of occupational knowledge intensity were derived - high, medium 
and low - according to the following table. 

. 

Educational attainment of the largest number of 
workers In an occupational category 

University degree 

Other post-secondary certificate or diploma, 
including trades certificate 

Secondary school diploma 

No degree, certificate or diploma 

Occupational knowledge Intensity 

Higb 

Medium 

Low 

Low 

Occupations with high or medium knowledge intensity are considered knowledge intensive 
occupations, and their holders are considered knowledge workers. 

The industry knowledge Intensity index 

The industry knowledge intensity index is a measure of the stock of intellectual capital in 
a particular industry. It is computed as follows: 

Industry Knowledge Intensity =( (2'workers in High knowledge intensity occupations)+ 
workers in Medium knowledge intensity occupations) / Total workers 

High knowledge intensity occupations are given a weight of 2 as they represent a greater 

. 

2 This study dasaifies svrters in three major groq goods producing octup.tions, personal service providers, and information 
olipetioRs This last group is divided into two subgroupe data workers and knowledge workers, the latter being producers o( information 
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stock of intellectual capital than medium knowledge intensity occupations. (The weight of 
2 is an arbitrary choice although it could be argued that it takes twice as long to obtain a 
university degree than other post secondary certificates and diplomas.) The Industry 
knowledge intensity index can therefore range from 0.00 (where all workers are in low 
knowledge intensity occupations) to 2.00 (where all workers are in high knowledge intensity 
occupations). 

Beck (1991) defines a similar indicator, the industry Knowledge Ratio, also referred to as 
the "industry 1.0.". It represents the number of knowledge workers as a percentage of total 
employment in an industry. 

V.  
L 
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Industry rankings - 1991 

In 1991, the electrical and electronic products industry was the most knowledge intensive. 
At the other end of the scale were traditional industries such as clothing, leather products 
and furniture and fixtures. Overall, the knowledge intensity index for the manufacturing 

- 	sector was .265. However, it varied widely among industries. 

Table I lnduy knowledge AMORY - 1991 

I 

INDUSTRY - 2 DIGIT SIC (1900) KNOWLEDGE 
INTENSITY 

Elecical & electronic products 0.50 

Refined peuoleum & coal 0.46 

Machinely 0.46 

Fabricated metal products 0.40 

Chencals & chenIcal products 0.35 

Primely metals 0.34 

Transportation equipnienl 0.34 

Paper & allied products 029 

Other manufacturing 0.28 

Printing & PUb5Shfl9 0.28 

Tobacco 0.24 

Rubber products 023 

Primary textIle 0.21 

Non-metalilc mneral products 0.18 

Ptastic Products 0.17 

Beverage 0.15 

Wood 0.13 

Food 0.10 

Textile products 0.10 

Furniture & fixturee 0.00 

Clothing 0.00 

Loather products 0.05 

AN manufacturing 265 

Using the more detailed 3-digit SIC, the knowledge intensity of high-tech industries comes 
• 	into sharper focus, as shown by the top 10 knowledge intensive industries in Table 2. The 

top spot belongs to the computer and business machines industries, with the 
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telecommunications and other electronic products industries and the aeronautics industry 
also in the top 5. Two metal fabrication industries, the power boiler and heat exchanger 
industry and the machine shop industry, complete the top 5. The latter score high as a result 
of the large number of skilled workers they employ (machinists, tool and die makers, etc.). 
The combined printing and publishing industry places in the top ten because of the large 
number of writers and editors it employs. 

At the other end of the spectrum, the bottom 10 are traditional industries in the food, 
clothing and wood major groups. 

Te 2 Top/bolkml ten krxledgo hinelve kxti*lee, 3 Jglt SIC (1980) 

Top 10 kdu*teS Knowledge Intenelty index 

Office, store and business macne Industries .65 

Machine shop industry .64 

Power boiler and heat exchanger industry .62 

Corrininicatlons and other electronic equipment .61 

Aircraft and aircraft parts .55 

Pollned petroleum products .48 

Combined pubbshing and pnntrng IndustrIes .48 

Industrial chenicals Industries, n.e.c. .47 

Sclentlhlc and professional equipment .46 

Other transportation equipment .45 

Bolkm 10 industrIes 

CMen b clothing Industry .07 

Wooden box and pallet Industry .07 

Other clothing and apparel Indumles .06 

Wornerib clothing Industry .06 

Ash products industry .06 

Canvas and related products .06 

Household furniture industrIes .06 

Men b and boys clothing Industries .05 

Leather and allied products Indu*Ies .06 

Coffin and casicet Industry .02  

0 
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Who are the knowledge workers? 

Among the 10 most common knowledge intensive occupations (consisting of high and 
medium knowledge intensity occupations) in the manufacturing sector in 1991, traditional 
trades - welders, machinists and industrial mechanics - top the list. These occupations, 
associated with blue collar rather than high tech industries, represent almost 30% of all 
knowledge workers in the manufacturing industries. They are medium knowledge intensity 
occupations and are included because most workers in these occupations have a trade 
certificate or other post secondary diploma. Some may argue that these are not true 
knowledge workers, on a par with systems analysts or mechanical engineers. However, their 
work requires the application of a body of specialized knowledge and their exclusion would 
understate the stock of intellectual capital in the sector. In addition, with the advent of 
information technology, these jobs are becoming ever more complex - witness the evolution 
of auto mechanics - and this warrants the inclusion of such occupations as knowledge 
workers. 

The fourth spot belongs to accountants, auditors and other financial officers, occupations 
which are administrative rather than technical in nature. Engineering technologists and 
systems analysts follow, the kind of occupations which one normally associates with the 
notion of knowledge workers. 

0 	Table 3 Top 10 Knowledge Ine oipations (1980 SOC) - Al rnsnutectuing (1901) 

Totalnumberot 
wofkers 

%ottotai 
workers 

Sot 
knowledge 
wodiers 

Weklng and flarm culling occupatIons 37325 2.1% 10.0% 

Machinist and machIne tool setting-up occupations 35460 2.0% 9.5% 

InduIai, farm and construction machinery mechanics and repairers 31390 1.8% 8.4% 

Accountants, NJcSIOqI and other Itnandal omcars 20870 12% 5.6% 

Engineering technologIsts and technIcians 20330 1.1% 5.5% 

Syslenw analysts, corrçuter prograrmers and related occupations 17700 1.0% 4.8% 

Writers and editors 14000 0.8% 3.8% 

Motor vehicle mechanics and roperers 10956 0.8% 2.0% 

Industrial engIneers 10715 0.6% 2.9% 

Mechanical engineers 10555 0.6% 2.9% 

All occupations 1784390 100.0% 

To investigate whether there are differences in the occupational mix of industries with 
different knowledge intensities, the 10 most common knowledge intensive occupations in the 
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electrical and electronic products industry (highest knowledge intensity) were compared 
to the top 10 occupations in the clothing industry (among the lowest knowledge intensity). 

S 

Table 4 Top 10 knowledge owipons 0980 SOC) - Dectical and eleoiIc pro&i (1991) 

Total 
number of 

kers 

%ollotai 
woers 

%ot 
knowledge 
woers 

Englneenng technologists and technicIans 5810 4.8% 13.2% 

Systems analysts, corrputer progranTners and related occupatIons 5450 4.5% 12.4% 

Electrical engineers 5005 4.1% 11.4% 

Welding and flame cutting occupations 2095 1.7% 4.8% 

Accountants, auditors and other financIal officers 1855 1.5% 4.2% 

Wire oonrsjnlcations and related equipment Installing and repellIng 1715 1.4% 3.9% 
occupations 

Electronic and related equipment installing and repairing occupations. n.e.c. 1705 1.4% 3.9% 

Machinist and machine tool setting-up occupations 1520 1.2% 3.5% 

Ind1Str1aI engineerS 1505 1,2% 3.4% 

Foremen/women: fabricating, assembling, instailing and repairIng 1470 1.2% 3.4% 
occupations: electrical, electronic 

Al occupations 121875 100% 

Table 5 Top 10 knowledge occ*ipaons (1980 SOC) - CbUNng kxkJsy (1991) 

Total 
number of 
wodiers 

%oflotal 
wo1cers 

%of 
knowledge 
wvders 

Proct and Interior desIgners 1780 1.8% 38.0% 

Industrial, farm and consiniction machinery mechanics and repaIrers 880 0.9% 18.0% 

Accountants, auditors and other financial officers 545 0.5% 112% 

Systems analysts, computer programers and related occupations 215 02% 4.4% 

Engineering technologists and technicIans 205 0.2% 42% 

Machinist and machine tool selling-up occupations 205 02% 42% 

Industilal engineers 190 0.2% 3.9% 

Advertising and lilustrating artIsts 155 02% 32% 

Stationary engine and utilities equipment operating and related occupatIons, 85 0.1% 1.7% 
n.e.c. 

Motor vehicle mechanics and repairers 75 0.1% 1.5% 

Al occupations 100020 100.0% 

is 



S 	 10 

After accounting for occupations specific to an industry (for example, electrical engineers 
in the case of the electrical and electronic products industries and product designers in the 
clothing industry), the occupational mix of the remaining ten most common occupations is 
remarkably similar. For example, the clothing industry has 5 of the 10 most frequent 
knowledge intensive occupations in common with the much more knowledge intensive 
electrical and electronic products industry engineering technologists and technicians; 
accountants, auditors and other financial officers; systems analysts, computer programmers 
and related occupations; industrial engineers; and, machinists and machine tool setting up 
occupations. What differentiates industries is the concentration of these knowledge workers. 
For example, engineering technologists and technicians account for 4.8% of all workers in 
the electrical and electronic products industry while in the clothing industry they constitute 
only 0.2% of the workforce. 

Trends in industry knowledge intensity, 1986-9 1 

According to the Census of Population, the employed labour force grew by 11% - from 
11,702,215 to 13,005,500 - between 1986 and 1991. However, employment in manufacturing 
industries dropped by 11%, from 2,014,590 to 1,783,760. 

This decline is accounted 
• for by low and medium 

knowledge intensity 
occupations, which 
dropped by 12.7% and 
10.2% respectively. 
However, the number of 
high knowledge intensity 
occupations actually grew 
by 7%, from 95,405 to 
102,320 (Figure 1). As a 
result, the knowledge 
intensity index for the 
manufacturing sector rose 
overall from .24 to .27. Figure 1 

c8tiorI mix by knowledge intensity 

,- c') 

low 

No '-I- 
At the 2-digit SIC level, 
the industry knowledge intensity index increased in 18 of 22 industries. Industry knowledge 
intensity in the plastic products and clothing industries increased by over 30% and, in the 
printing and publishing and primary textiles industries by about 17%. On the other hand, 
it decreased by 5% in the refined petroleum and coal products industry. (Table 6) 



0 	
Table 6 C3wige in Ildustry km*dge Nilemfty. 1986-1 

Industry Kno'Medge kensfty Change 1986-1991 

1991 1986 

Plastic products 0.169 0.128 32.3% 

C$otblng 0.056 0.044 31.4% 

Printing & publishIng 0279 0287 17.7% 

Ptlnwy *extlie 0.210 0.179 17.0% 

Wood 0.128 0.111 149% 

Rubber products One 0.198 14.5% 

Paper & allied products 0.286 0258 13.8% 

Transportation equipment 0.340 0.302 12.4% 

Elecbical & electronic products 0.501 0.455 10.2% 

Other manulacturing 0280 0256 9,3% 

Tobacco 0.237 0.2n 8.7% 

Leather products 0.047 0.044 59% 

Chencals & chencaI products 0.352 0.332 5.8% 

Food 0.105 0.099 5.8% 

Primary metals 0.345 0.329 4.7% 

Non-metallic niner,J products 0.181 0.174 4.0% 

Beverage 0.148 0.144 3.3% 

Fabricated metal products 0.396 0.384 3.0% 

Machinary 0.437 0.441 -01% 

Textile products 0.101 0.103 	 -2.8% 

Furniture & flxtures 0.089 0.092 -3.4% 

Pe8oleum & coal products 0.465 0.489 -5.1% 

AU manulactulng 0.265 0.244 9.0% 

Changes in industry knowledge intensity are caused by shifts in the occupational composition 
of the workforce. In some cases, there is a relative increase in jobs with a high knowledge 
content and the industry knowledge intensity index will rise as result. This change in job 
structure may reflect increasing complexity of production processes and technologies and 
rising expectations with respect to worker involvement in product and process innovation. 
The industry knowledge intensity index would also increase if the relative proportion of low 
knowledge intensity occupations in an industry decreased. 
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The number of low knowledge intensity occupations decreased in all but two industnes - 
plastic products and printing and publishing - where the numbers remained stable. These 
are also the only two industries in which total employment did not decline in the 1986-91 
period (Table 7). 

S 

Table 7 change in oer*çonal conoelIon by kduy. 1986-1901 

Industry S change 
Industry KI 

S change 
total 

workers 

S change 
high 10 

occupations 

S change 
medIum 1(1 

occupations 

S change 
low XI 

occupations 

Plastic products 32.3 3.7 52.5 269 0.0 

OoU*ig 31.4 -20.9 3.8 4.1 -21.8 

Printing & pubOshing 17.7 3.3 23.9 132 0.0 

Prirnery texl9e 17.0 -27.8 0.0 -21.8 -29.4 

Wood 14.9 -14.6 23.4 -9.4 -15.6 

Rubber products 14.5 -14.7 13.0 -11.7 -16.3 

Paper & allied products 13.8 -8.3 15.6 0.0 -112 

Transportation equIpment 12.4 -3.1 26.5 0.0 -6.1 

Electrical & electronic products 102 -20.9 -3.0 -23.0 -23.3 

Other manufacturing 9.3 -12.8 7.8 -10.7 -10.0 

Tobacco 6.7 -41.9 -31.8 -41.5 -42.4 

Leather products 5.9 -39.8 -41.3 -32.3 -39.0 

Chencals & cherrical products 5.8 -1.8 8.6 -2.3 -3.0 

Food 5.6 -7.8 6.1 -9.9 -8.0 

Primary metals 4.7 -13.0 1.2 -13,3 -13.8 

Non-metallic rrineral products 4.0 -9.6 -1.1 -9.0 -10.0 

Beverage 3.3 -13.8 -9.7 -11.8 -14.1 

Fabricated metal products 3.0 -14.9 -3.3 -14.0 -15.9 

Machinery -0.8 -13.9 0.0 -20.6 -12.0 

Tex1e products -2.0 -22.0 -21.8 -25.3 -21.8 

Furniture & lbcturee -3.4 -22.4 -9.6 -31.7 -22.0 

Petroleum & coal products -5.1 -29.5 -42.9 -16.7 -30.0 

Al manufacturing 1 	9.0 -11.4 7.0 -102 -12.7 

The number of medium knowledge intensity occupations also decreased in 18 of 22 
industries while the number of high knowledge intensity occupations decreased in only 9 of 
22 industries. 

0 	In four industries - wood products, rubber products, paper and allied products and 
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transportation equipment - the number of high knowledge intensity occupations incTeased 
by over 10% even as total employment dropped. In most other industries, high knowledge 
intensity occupations either increased slightly or decreased at a slower rate than the 
decrease in total employment. However, in the leather products, textile products and 
petroleum and coal products industries, the number of high knowledge intensity occupations 
fell as fast or faster than total employment. 

Changes in occupational mix, 1986-91 

The proportion of high knowledge intensity occupations in the manufacturing sector 
increased while the number of medium knowledge intensity occupations decreased at a 
slower rate than total employment. Table 8 shows the 10 high and medium knowledge 
intensity occupations exhibiting the highest growth rates from 1986 to 1991. 

Tahm a Fassam ciowino knowiedee Inlenolve ocajpor 1986-1991 

Occupatlore Ditterance 1991 1986 

Medical Iaboraloy technologists and technicIans 93.4% 2930 1515 

Organization and methods analysts 79.4% 1785 995 

Aerospace engineers 59.6% 2530 1585 

CM engineers 47.0% 3690 2510 

Molo vetcle mechanics and repairers 34.4% 10955 8150 

Aircraft mechanics and repairers 31.7% 2880 2035 

Writers and editors 23.8% 14080 11395 

Econonists 17.9% 2040 1730 

Photographers and cernera operators 15.7% 1250 1080 

Systems analysts, oorrpuler progranTners and related occupationS 13.8% 17700 15556 

The high growth occupations are characteristic high knowledge jobs: engineers, technologists, 
communications specialists (writers, editors, photographers), systems analysts and 
organizational experts. These shifts reflect technological change and the growing importance 
of information management. 

Automation and computerization can also bring about the elimination of certain high and 
medium knowledge occupations. Other factors to emerge in this period which may also have 
a negative impact include the globalization of production, contracting out of services and 
the general business slowdown of the late 1980s. Table 9 shows the 10 high and medium 
knowledge occupations which decreased the most from 1986 to 1991. 

low 
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Tale 9 Fashast deaonq knowledge kilerve oaupa1krns. 1986-I 991 

Occupations Difference 1991 1988 

InsVuctors and paining officers, n.e.c. -19.6% 1250 1555 

Drwghtlng occupations -202% 7020 8795 

Electrical and related equipment instaWing and repairing occupations, n.e.c. -22.1% 10425 13380 

BusIness and comercial machine mechanics and repairers -23.7% 1935 2535 

Technical sales occupations and related advIsers -26.3% 3845 50 

Electronic and related equipment instamng and repairing occupations, n.e.c. -26.3% 2530 3435 

Industrial, farm and construction machinery mechanics and repairers -28.4% 31390 42856 

Foremeniwomen: metal shaping and foming occupations, except machirwig -32.9% 3256 4860 

Foi-emenJwomen: mechanics and repairers, n.e.c. -33.0% 3230 4820 

Foremen/women: fabricating, assembling, installing and repairing -532% 1985 4245 
oocupations: electrical, elect.roni.c I 

Draughting occupations may be an example of knowledge intensive jobs being automated 
out of existence. The reduction in the numbers of various types of mechanics and repairers 
could be a reflection of the contracting out of this work to service firms. It is noteworthy 
that the three knowledge intensive occupations which declined the most are various types 

.  of foremen/women, supporting the thesis that firms are getting leaner through delayering 
of supervisory levels. 

Conclusion 

From 1986 to 1991, the occupational composition of Canadian manufacturing industries 
evolved towards a higher concentration of knowledge intensive occupations. This was the 
combined result of the elimination of low knowledge intensity jobs, caused in part by cyclical 
factors, and, in many industries, of an increase in high knowledge intensity occupations, even 
in the face of declining total employment. This shift can be taken as an indication of a 
restructuring of production processes, with jobs being redesigned to require more, rather 
than less knowledge. 

0 
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