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Preface

This study is part of a joint project of Agriculture and Agri-Food Canada and Statistics Canada, which has the
following objectives:

1. To assess the level of technology use in the Canadian food-processing sector and its constituent industries;

2. To examine the demand for new technologies in relation to factors such as the need for new and better
products, cost reduction and government regulation;

3. To examine the supply of new technologies in terms of domestic and foreign sources, and research and
development effort;

4. To understand the process of technological change at the plant or firm level, including the methods used by
plants or firms to identify technology needs and opportunities as well as impediments to change;

5. To assess the implications of technological change in food processing for the structure and performance of
the food-processing industry, on the demand for products of Canadian agriculture, employment and in-

vestment.
Douglas D. Hedley Stewart Wells
Senior Executive Director Assistant Chief Statistician
Policy Branch National Accounts and Analytical Studies
Agriculture and Agri-Food Canada Statistics Canada
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Highlights

This study investigates the use of advanced tech-
nology and business practices in the food-
processing sector and in the individual industries
that comprise it. It examines the factors influenc-
ing technology use—factors such as size of plant,
country of control and stage of processing. In
addition, it examines the relationships among
technology use, business practices, business
strategies and competitive environment. We also
investigate the views of plant managers on the
effects of advanced technology use on interna-
tional technological competitiveness.

Information on the use of advanced technologies
and business practices was obtained in 1998 us-
ing a survey of plant managers. Sixty-one ad-
vanced technologies in nine functional areas
(processing, process control, quality control, in-
ventory and distribution, management and infor-
mation systems and communications, materials
preparation and handling, pre-processing, pack-
aging, and design and engineering) and 24 busi-
ness practices in three areas (product quality,
materials and distribution management, and
product and process development) were identi-
fied in a detailed questionnaire. Included were
questions on related topics such as plant and firm
operations, strategies and competitiveness. The
survey had an 84% response rate.

Decisions about the use of advanced technolo-
gies and business practices are an integral part
of a firm’'s business strategies—strategies that
reflect its competitive environment. Technology
use is also influenced by plant characteristics
such as size, country of control, products pro-
duced and production processes. In addition, we
would expect the use of advanced technology
and business practices to be interrelated.

Competitive environment—Firms in the food pro-
cessing industry face a competitive environment
that is dominated by several key problems—con-
sumers can easily switch products, competitors
are able to substitute across suppliers and new
competitors are constantly emerging. As a result,
competition is generally intense with respect to
price, quality and service.

Business strategies—Firms react to price and
quality competition by focusing special attention
on their core markets, by both trying to maintain
their cost competitiveness and by stressing qual-
ity. Technology use is seen primarily as a way of
providing incremental improvements in quality,
as well as cost reductions through productivity
improvements.

The stress that is placed on quality pervades the
operations of food-processing firms. Firms give
greater emphasis to quality-related business strat-
egies than to others. The effect of new technolo-
gies is perceived to be greatest in the area of
quality improvement. Quality-related business
practices are associated with a higher incidence
of advanced technology use in many areas of the
firm—from processing to packaging. The pres-
ence of these quality-related practices enhances
the economic impact of technologies and the
degree to which plant managers rank their firms
as being competitive with foreign producers.

Innovation—Although food-processing firms
concentrate on their traditional core markets,
some 60% also stress the introduction of new
products or the penetration of new markets. Over
the 1995 to 1997 period, about 50% of plants
made at least one major product innovation that
did not involve a process change.

On the technology side, innovation is both incre-
mental and consequential. While two-thirds of
firms stress that their key technology strategy is
an incremental one of improving existing tech-
nologies and processes, a little over 40% of firms
indicated that they created new technologies and
introduced innovations that involved only new
processes.

Technology use—Almost 90% of plants use at
least one of the advanced technologies identi-
fied in this study. Seven percent use 20 or more.
Most plants use advanced technologies in sev-
eral functional areas. As measured by the inci-
dence of use, the areas of most importance are
the key production areas—processing and pro-
cess control, along with management systems
and communications. Next comes packaging,

Statistics Canada — Catalogue no. 88-518
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10.

11.

12.

quality control systems and inventory and
distribution. The area of least importance is de-
sign and engineering.

There are a number of exogenous or technical
characteristics of plants that are related to tech-
nology use. In the first instance, plants that pro-
duce secondary rather than primary products are
more likely to utilize advanced technologies in
the core area—processing and process control.
But they are also more likely to utilize advanced
technologies in both the upstream and down-
stream areas. High-volume operations are not
associated with greater use of the core process-
ing area; they are more likely to use advanced
technology in the upstream preparation areas and
for process and quality control. Plants that focus
on batch operations make greater use of the new
management systems and communications tech-
nologies to control what is inherently a more
heterogeneous production process, but other-
wise are less likely to make use of advanced tech-
nologies.

Substantial differences in technology use are
found between small and large plants. These dif-
ferences are largest for the areas of management
systems, design and engineering, and process
control. The remaining areas all have differences
as well. Some of these differences can be as-
cribed to differences in the type of operations
done by small and large plants. Small plants are
more likely to be doing more batch processing,
with fewer high-volume products, and more likely
to be concentrating on primary products. When
these factors are taken into account with regres-
sion analysis, small firms are still found to use
significantly fewer advanced technologies in the
three areas of processing, process control and
management systems, as well as in the down-
stream areas of inventory and distribution and
packaging.

There are also significant differences in technol-
ogy use between foreign- and domestically-
owned plants. Foreign-controlled plants are more
likely to use at least one technology, and more
likely to use more than 10 advanced technolo-
gies. They are more likely to combine advanced
technologies from different areas. They are more
likely to use at least one advanced technology in
each of the functional areas, with the exception
of processing. When other characteristics such
as size and type of operations are considered,
foreign-owned plants are still found to be greater

13.

14.

15.

users of advanced technologies—but not in all
areas. What distinguishes foreign-controlled
plants from domestically controlled firms is their
use of technologies in the areas of pre-process-
ing, process control, management systems and
communications, and design and engineering.

The causes of differences in technology use
across small and large plants or between foreign
and domestic plants cannot be traced to basic
differences in managers’ perceptions of the ef-
fect of the use of these technologies. After con-
sidering other characteristics that should
influence economic impact, such as technology
use, volume and batch operations, managers of
foreign-controlled plants rarely report a greater
economic impact. Itis also the case that for many
of the areas where there are significant differ-
ences in the use of advanced technologies be-
tween small and large plants, there are few
differences in the economic impact derived from
the use of these technologies by the two groups.
Under the assumption that economic impact re-
fers to the benefits of technology use, this means
that it is the cost rather than the benefit side that
primarily determines the differences in advanced
technology use found in foreign and domestic,
as well as in large and small plants.

The study also finds that the adoption of tech-
nology differs substantially across industries. The
dairy, fruit and vegetable and “other” sectors lead.
The fish, cereal and meat industries are in the
middle and the bakery industry is last. These dif-
ferences broadly follow differences in the com-
petitive environment. Most of the traditional
sources of competition are seen to be more in-
tense in the fruit and vegetable and “other” in-
dustries. The dairy industry faces additional
uncertainty as a result of rapid change in pro-
duction technology. The results indicate that in-
dustries facing the most uncertain environment
tend to be the most likely to use advanced tech-
nologies.

The connection between perceived competition
and technology use can also be found within in-
dustries—between small and large plants. Large
plants generally see their segment of the market
as reflecting more intense rivalry, particularly in
areas relating to new-product introduction. In
keeping with this, large plants place greater stress
on innovative activities and are more intense in-
novators. Concomitantly, they are more likely to
use advanced technologies.

10
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16.

17.

18.

19.

Business practices—The process of technologi-
cal change involves both new machines and pro-
cesses as well as specific business practices that
often require organizational change. The study
examined the use of business practices in three
broad areas: product quality, materials and dis-
tribution management, and product and process
development. The most commonly used prac-
tices are those primarily related to food quality
and safety, especially good manufacturing prac-
tices, continuous quality improvement and ac-
ceptance sampling. They are followed by
materials and distribution management practices,
which are aimed more at productivity improve-
ment. The most commonly used practices in this
group are just-in-time inventory control and ma-
terials requirement planning. Finally, product and
process development practices are the methods
used to implement innovation and technology
strategies; here, most plants use the practice of
continuous improvement.

Quality-related practices are accompanied by the
adoption of advanced technologies in almost all
functional groups—from processing to design
and engineering. So too are business practices
aimed at product and process development.
Materials and distribution management practices
are positively related to technology use in pro-
cess control, inventory and distribution, and
management systems and communications.

Effects of advanced technologies—Since rates of
technology incidence may be influenced by the
arbitrary choice of technologies included within
each category, the study presents alternate mea-
sures of importance—the evaluations of the eco-
nomic impact of advanced technologies provided
by food-processing plant managers. Here too, we
find that processing, process control and man-
agement systems and communications are
among the most important technologies. But
quality control now moves to the head of the list,
thereby reinforcing the importance of improve-
ments in product quality as the primary objec-
tive of technology adoption in the
food-processing sector. In the remaining func-
tional areas, the downstream functions—inven-
tory and distribution, and packaging—have a
greater economic impact than the upstream func-
tions—materials handling and pre-processing.

The economic impact ratings are positively in-
fluenced by the business practices employed,
especially quality practices.

20.

21.

22.

23.

24,

25.

Specific economic effects that are perceived to
be important include improvements in produc-
tivity, product improvement, and increased pro-
duction flexibility, which are cited by some 60%
of plants. In addition more than 70% of plants
noted that the new technologies had improved
food safety. Plants are about equally split on
whether new technologies have given rise to a
greater need for specific characteristics of raw
materials—such as more consistent quality and
timeliness.

Technological competitiveness—In addition to
adoption rates and effects, this study gauges the
importance of advanced technologies by their
effect on international competitiveness. Twenty-
three percent of managers believe their technol-
ogy to be more advanced than that of their
competitors in the United States, while 26% be-
lieve they are behind. The disadvantage is per-
ceived to be greater with respect to European
processors.

In considering their competitive position, man-
agers give greatest weight to their capabilities in
the area of processing, process control, quality
control and pre-processing.

Large plants are more likely than small ones to
believe that they are technologically competitive.

Industries that are the most intensive users of
advanced technologies do not necessarily feel
that they are more technologically competitive
than their foreign counterparts. Indeed, exactly
the opposite is the case. The dairy industry, which
is one of the most intensive users, tends to rank
itself behind, while the fish products industry,
which is one of the industries least inclined to
use the advanced technologies listed in this re-
port, consistently ranks itself ahead of American
producers. The meat industry, which is about
average in terms of technology use, considers
itself behind its U.S. competitors.

Examining differences in technology use across
industries provides us with a wealth of detail
about which industries have adopted more ad-
vanced technologies. As intrinsically interesting
as these data are, they should not be misused.
We should not equate higher technological inci-
dence with being more competitive. The results
of this study demonstrate that this would be
wrong when comparing industries. Even if a Ca-
nadian industry such as fish processing does not
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make intensive use of advanced technology, it
may be ahead of foreign competitors that use
even fewer of these technologies. Even if the
dairy industry is one of the more intensive users
of advanced technologies, it may still be behind
its foreign competitors if they make even more
intensive use of new technologies.

26. Plans to upgrade technology—Forty percent of

plants in the food processing industry have firm

plans to upgrade their technologies with new,
more advanced technologies within three years.
Plants that consider themselves to have the great-
est technological disadvantage are the most likely
to be planning major replacements (more than
25% replacement). Overall, however, technologi-
cal differences are being perpetuated; those
plants using the greatest number of advanced
technologies are also the ones most likely to be
planning upgrades.

12
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Chapter 1 - Introduction

New technologies and business practices are key
tools used by firms to improve their competitive po-
sition. Technological change results in better prod-
ucts and services, increased productivity, and the
husbanding of scarce resources. Critical to interna-
tional competitiveness at the national, sectoral, and
firm levels, new technologies also contribute signifi-
cantly to Canada’s economic growth.

This study examines the importance of advanced
technologies in the food-processing sector. Advanced
technology is used in all parts of the production pro-
cess of food-processing plants. In the early stages of
pre-processing, it is used to assess and improve qual-
ity. During materials preparation and handling, it is
used to manipulate and transport raw products. Dur-
ing processing, it transforms raw materials into final
products with thermal and non-thermal preservation,
separation and concentration methods, sometimes
adding new ingredients to enhance safety and taste.

Advanced technology is used in process control to
monitor the processing activity to regulate safety and
quality. In quality control, it is used to assure final
quality through process and product testing. Ad-
vanced communications systems are used to tie each
step of the process together and provide operators
and management with the information needed for
timely intervention should it be necessary. Advanced
technologies in the packaging area are used to pro-
tect food from spoilage before it reaches consumers
and to facilitate handling. Advanced technologies that
are used for inventory and distribution allow for the
automation of the distribution process and the co-
ordination of on-time delivery to customers through
the use of bar-coding systems. Finally, advanced
design and engineering technology allows computer-
aided design systems to help design new processes.

While this study provides estimates of the degree to
which plants in food processing make use of ad-
vanced technologies in the different stages of pro-
duction, it also outlines the various factors that
influence the degree of technology adoption. In
doing so, the study focuses on differences in the tech-
nology regime between small and large establish-
ments, between domestic- and foreign-controlled
establishments and across industries within the
food-processing sector.

The regime that determines technology is complex,
and any assessment of the reason for sectoral differ-
ences must be multidimensional. Such an assess-
ment must first recognize that the penetration of
advanced technologies by sector will depend upon
technological opportunity. Some processes will be
more amenable to computerization than others. For
example, it may be easier to mechanize a process
that produces inanimate metal objects that are not
easily bruised than a production process in food
plants that involves vegetable and animal products.
In addition, advanced technologies may be more
easily adapted to processes in some industries than
in others. For example, advanced computer-aided
design and engineering systems have widespread
applicability in the production process of automo-
tive plants, but may be less applicable to designing
new food products where knowledge of chemical and
biological processes, as well as mechanical engineer-
ing systems, are important to the production process.

While these inherent differences condition the num-
ber and type of advanced technologies that will be
used, to focus our explanation on these forces alone
would be to adopt a model of technological deter-
minism. There are other forces at work that influence
technology use. These forces originate in the type of
competition that governs an industry. The conditions
in the food industry differ from many other indus-
tries, primarily because of the nature of the product
produced. This product is referred to by economists
as both a repeat and an experiential good. Because
of the highly repetitive nature of the purchase deci-
sion, consumers are well informed about both the
availability of substitutes and prices—more so than
for irregularly consumed products like household
durables. Because the satisfaction derived from the
consumption of food depends so much on the sen-
sory perception of consumers, quality and variety
become important competitive tools for firms in the
industry. But the intensity of both price and quality
competition will vary across industries. Differences
in competitive pressures should be reflected in dif-
ferences in the rates of technology adoption and the
types of technologies adopted.
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Therefore, while this study focuses on technology
use in the food-processing sector, it also examines
the environment that the various industries face. This
environment consists of the types of uncertainties
facing firms that relate to the pressures exerted on
them to adopt technology. On the one hand, these
uncertainties stem from the intensity of market com-
petition. Market competition is more intense where
consumers can switch readily from one supplier to
another, where new competitors are constantly ar-
riving in the market place, and where imports offer a
constant alternative source of competition to domes-
tic production. On the other hand, the extent to which
advanced technologies are being adopted will also
be affected by the rapidity of advances taking place
in the industry. Industries where technology is quickly
becoming obsolete are also industries where there
is greater pressure to use advanced technologies.

If we are to understand the climate that affects tech-
nology use, we must also investigate the types of
business strategies that are being pursued. For ex-
ample, industries may focus mainly on mature prod-
ucts and on cutting costs so that prices can be
reduced. A price-reducing strategy requires technolo-
gies that increase productivity or improve efficiency.
Alternately, firms may focus on non-price competi-
tion, where price is not an important competitive tool
but where new products are. Industries may adopt
an aggressive innovation strategy that focuses not
only on introducing new products but also on devel-
oping new processes. The development of new pro-
cesses often requires new, advanced technologies.
Because of the importance of business strategy to
technology use, this study examines the areas that
receive the greatest emphasis and shows how these
vary across industry sectors.

Technology use involves more than the use of spe-
cific new tools such as automated equipment. De-
fined more broadly, it also consists of the
organizational formats that are adopted. These may
simply involve practices that require the integration
of different divisions. For example, making the best
use of computer-aided design and manufacturing
(CAD/CAM) systems requires the development of an
appropriate interface between production and design
and engineering divisions that facilitate such prac-
tices as rapid prototyping or concurrent engineering.
Introducing advanced new technologies may also
require that new equipment be used in specified
ways if its advantages are to be fully realized. For
example, quality control may require not only new

technologies but also a formal total quality manage-
ment system.

Because of this complementarity, this study not only
investigates the extent to which advanced technolo-
gies are being used in the Canadian food-processing
industry; it also examines the extent to which comple-
mentary business practices are employed in three
areas. The three areas are: product quality, materi-
als and distribution management, and product and
process development.

A study such as this ultimately needs to evaluate the
importance of technology use. In addition to mea-
suring the incidence and intensity of technology use,
we examine the economic impact of advanced tech-
nology implementation in two different ways. First,
the study attempts to determine which technologies
have the greatest impact, and second, it attempts to
find out which specific effects, such as meeting regu-
latory requirements, quality improvement, or produc-
tivity gains, are most important.

Finally, the study uses a metric other than technol-
ogy use to evaluate the state of the technological base
of the Canadian food-processing sector. It examines
the extent to which managers of food-processing
plants rated their plants as competitive or non-com-
petitive in relation to producers in the United States.
Using these data, the study asks whether the indus-
tries that are the heaviest technology users are also
the most competitive. Finally, the study examines
which technologies and practices are behind the com-
petitiveness ranking.

While previous studies have examined the role of
advanced technologies in the manufacturing sector,
this study is unique in that it focuses exclusively on
the food industry. By doing so, this study provides
much more detail than one that examines a broad
range of industries.

Since the study focuses on advanced technology use,
it begins with a brief review of the technological ad-
vances that are occurring in the food-processing in-
dustry in Chapter 2. Chapter 3 describes the survey
used to obtain the data presented here. Chapter 4
outlines the structure of the food-processing indus-
try. Chapter 5 describes the competitive environment
and discusses how the product strategies used by
the industry mesh with the industry environment.
Business strategies are the topic of Chapter 6, which
offers a broad overview of how technology and in-
novation strategies fit into the overall thrust of the

14
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firm in five different functional areas: production,
technology, human resources, marketing and man-
agement. Chapter 7 focuses on innovation, and in
particular process innovation, and its relationship to
the use of advanced technologies. Chapter 8 investi-
gates business practices that complement advanced
technologies. Chapter 9 examines technology use.
The use of individual advanced technologies, as well
as collections of these technologies (functional

groups), are examined. The impact of new technolo-
gies on the operations and performance of firms is
investigated in Chapter 10, while the factors deter-
mining a plant’s international technological competi-
tiveness are outlined in Chapter 11. Technology
upgrades are discussed in Chapter 12. A summary
and conclusion follows in Chapter 13. Appendices
are included to provide complete answers to the sur-
vey and standard errors of these point estimates.
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Chapter 2 - Technological Advances in the Food Industry

In general terms, the functions performed by food-
processing plants are similar to those performed by
other manufacturing establishments. Inputs must be
obtained, stored, and then supplied to a manufactur-
ing process that transforms them into a new prod-
uct. New products are packaged, stored, retrieved
and delivered. Manufacturing processes must be
controlled to maintain product specifications, moni-
tored for quality, and adjusted as required. As well,
the overall operation must be managed.

There have been many recent technological advances
in areas such as materials handling, inventory and
distribution, and management systems and commu-
nications that have aided a wide range of industries,
including the food industry. Typically, such advances
involve the automation of these functions to increase
efficiency and timeliness. Examples of some of these
advances include bar-coding for product identifica-
tion, robots for handling materials, and electronically
controlled vehicles for moving products around the
shop floor. Many of these technologies have been
specifically adapted to the food-processing industry
in order to deal with characteristics of raw, interme-
diate and finished food products that are related to
perishability and form.

The principal feature that distinguishes food-manu-
facturing establishments from other manufacturing
establishments is the type of processing activity they
perform. Within the food industry, this activity dif-
fers by commodity and stage of processing—for ex-
ample, a meat-slaughtering plant performs different
functions than a flour mill or sausage plant. The tech-
nologies used in one food plant do not necessarily
apply to others; however, a common feature of all
plants is that they perform some type of product
transformation. Primary or commodity processing
often involves breaking down a raw product while
secondary processing involves combining a set of
ingredients. Most firms use some form of packag-
ing. In addition, the end product must consistently
meet high specifications, including those associated
with quality and food safety.

Some basic food-processing technologies in use to-
day originated thousands of years ago—drying, brin-
ing, smoking, cheese making, grain milling and
baking. Others, such as canning, pasteurization, as
well as drying and dehydration technologies were
introduced in France in the 19th century. Still others
are more recent developments, such as fast freez-
ing, microwave cooking, orange juice concentration
and vacuum concentration with essence recovery,
which were all developed or introduced in the 1940s.
More recently, other examples include vacuum-
drying, freeze-drying and foam-mat drying, which
came about in the 1950s; an explosive puffing pro-
cess for fruits and vegetables and foam-spray dry-
ing, which were invented in the 1960s; and
high-fructose corn syrup, the retort pouch and asep-
tic packaging, which were developed in the 1970s.
Other new developments include the use of mem-
brane technologies for the concentration and frac-
tionation of liquids, and the use of irradiation for food
preservation (see, for example, Greig 1984; Paulson
and Wilson 1987; Fey 1987).

Few of these technologies are used today in their
original form and advances are constantly being
made in all areas. Technological advances most of-
ten result from adaptations and incremental improve-
ments in existing technologies. These technological
changes are not being made independently of
changes that are occurring in the product market.
The goal of the firm is to be competitive with respect
to product value, that is, to create a price consistent
with product quality. The development of new prod-
ucts, as well as products with more desirable char-
acteristics, often involves the development or
acquisition of new or improved processes.

Some technologies are aimed at improving the abil-
ity of the processor to respond to the immediate
needs of buyers (such as wholesalers, retailers, food
service operators, other food processors and, in the
case of some by-products, other industrial users).
These needs may include special formulations, or
packaging and timely delivery. Meeting such needs
requires flexibility in processing operations as well
as effective inventory, distribution and communica-
tions systems.
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More fundamentally, a key driving force behind tech-
nological change is consumer demand. In some
cases, it is a matter of better meeting long-standing
requirements for quality and safety. In others, it is a
matter of responding to other market trends. Demand
changes are related to increased income, changing
demographics (such as changes in the ethnic and
age composition of the population), changing em-
ployment patterns and lifestyles, and concerns about
nutrition and food safety. The more important de-
mand trends and examples of the industry’s response
are outlined below:’

Quality

Demand: improved flavour, texture, aroma and
appearance; more natural; increased freshness.

Response: less intensive heating and minimal
overheating; non-thermal preservation methods;
natural flavours using encapsulation, and fermen-
tation; improved packaging.

Nutrition

Demand: more healthy foods, including reduced
levels of fats, sugars and salt, and more fibre.

Response: substitutes for fats, sugars and salt;
special dietary foods; physical rather than chemi-
cal preservation; natural flavours, colours and
additives.

Food safety

Demand': reduced danger of food poisoning; re-
duced risk of harmful ingredients such as carcino-
gens.

Response: elimination of food poisoning micro-
organisms from the most often contaminated
foods and raw materials; improved, rapid and low-
cost testing and handling procedures; substitu-
tion of safe for unsafe ingredients.

Convenience

Demand: ease of preparation; ease of storage;
longer shelf life.

' Based in part on Gould (1996).

Response: products and containers suitable for
microwave ovens; single-serving sizes; complete
meals; flexible (pouch) packages.

Price or value
Demand: price consistent with product quality.

Response: more efficient use of labour, energy
and materials; modified product formulations;
automation; improved inventory management.

Among the most important recent technological de-
velopments are computer-based technologies, which
have played a critical role in transforming the pro-
duction process in the manufacturing sector (Baldwin
and Sabourin 1995). Computer technologies have
also affected the food-processing sector, permitting
major changes in such areas as design, manufactur-
ing, packaging, process control, quality control, ma-
terials and product handling, and management
systems and communications.

Many of the technological advances in the industry
have been associated with mechanization, remote
control and automation.? Just as automation is a
major means of achieving a plant’s goals with respect
to materials handling, inventory and distribution ac-
tivities, it is also a key component in a more efficient
and effective processing and packaging line. In this
latter case, not only does automation apply to the
online physical handling of materials and processes,
it is also employed in processing and management
control. Examples of key technologies here include
sensors, vision systems, programmable process con-
trols, statistical quality control, and computerized
communications systems.?

Traditionally, automation has been applied to physi-
cal processes that cut costs and save labour—when
used this way it is often called “hard” automation.
However, more and more, leading firms have shifted
their focus to improving process precision, that is, to
ensuring that a process operates consistently accord-
ing to specification. The focus has also been increas-
ingly on using automation to improve product quality,
or “soft” automation.

2 Mechanization and remote control are “necessary steps on the way to automation”. Mechanization is the replacement of
manual operations with machines; remote control refers to the ability to monitor and adjust operations from a control
panel; and “automation means that all actions needed to operate a process with optimal efficiency are ordered by a
control system on the basis of instructions that have been fed into the control system in the form of a control program”

(Dairy Handbook 1990, 320).

3 For detailed descriptions of these technologies see, for example, Mittal (1997a) and The American Society of Agricultural

Engineers (1990).
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The overall objectives of automation are to reduce
manufacturing costs, to create unique products of
consistently high quality, and to ensure the flexibility
needed to adjust to changing markets (Getchell 1987).
More specifically, the goals include increased effi-
ciency, the elimination of repetitive, monotonous and
dangerous tasks, and the refinement of process con-
trol and quality control to more accurately meet con-
sumer and regulatory demands. Automation can also
provide detailed, real-time process and product in-
formation useful for management and research (Mittal
19974, b, c).

Major advances in automation have arisen from com-
puter-integrated manufacturing (CIM). After the Sec-
ond World War, large manufacturing enterprises dealt
with the increasing complexity of manufacturing pro-
cesses and the limits of human information process-
ing by organizing themselves along functional lines
such as production, design, and inventory manage-
ment. The automation of these units has tended to
proceed independently, creating “automation islands”
with differing hardware and software systems that
are unable to communicate with each other. The CIM
system was developed to link the functional areas
using a common database and appropriate software
(Nicolai 1997).

Some claim that the food industry has lagged be-
hind other industries in introducing automation
(Getchell 1987; Mittal 1997a, b, c). Reasons used to
explain this lag include such factors as the perish-
ability of raw and processed products; hygiene re-
quirements; the heterogeneity of raw products and
semi-processed ingredients; the large number of
recipes; the need to detect and control product com-
position and product characteristics such as taste,
texture and appearance; and the requirements of
food safety. For example, maintaining product stan-
dards for composition and quality requires methods
to monitor changes in these variables and the pre-
cise control of ingredients and processes, including
the ability to make adjustments quickly.

Indeed, many processes in food processing are so
complex that they are considered more of an art than
a science. A necessary first step in implementing a

control system is to obtain sufficient process know-
ledge to accurately define the control strategies.
Mowery and Rosenberg (1989) have outlined the
importance of simple measurement and quality con-
trol to innovation in the food-processing sector. This
involves ingredient and process research as well as
process modelling to capture the dynamics of the
process (Getchell 1987). In cases where great preci-
sion is not critical or possible (such as with sensory
attributes), soft computing techniques based on fuzzy
logic can be used (Davidson 1997).

Technological advances are helping to overcome a
number of these automation challenges. For example,
analog computer control systems have replaced
pneumatic control systems. The newer digital sys-
tems can respond quickly to correct problems. Also,
programmable controllers and microprocessors have
greatly reduced the “down time” associated with elec-
tromechanical controls, such as switches, relays, tim-
ers and solenoids.

Advances have also been made in robotics to create
“arms” that can pick, place, transport and orient items
in a similar manner to the human arm, but with more
power, precision and repeatability. Machine-vision
systems that can be used online to detect foreign
material and to identify defects in colour, size and
internal structure have also been improved (Mittal
1997b). Inline sensors for measuring process vari-
ables such as pressure, temperature, flow, moisture,
colour and viscosity have been improved with ad-
vances such as solid state and chip technology (Mittal
1997c).

In summary, new products and processes are con-
stantly being developed and introduced in the food-
processing industry. This technological change is
driven by consumer demands, particularly those deal-
ing with exacting quality and safety concerns. Arange
of technological advances, some unique to the in-
dustry, are enhancing the industry’s ability to meet
the challenge of the new demands being placed on
it. In the following sections, we examine what these
technologies are and the forces that are driving the
adoption of these technologies.
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Chapter 3 - The Survey

To assess the technological prowess of the food-
processing industry and the factors that influence it,
this study uses the results of the 1998 Survey of Ad-
vanced Technology in the Canadian Food Process-
ing Industry. Since this survey focuses on a single
sector within manufacturing (food-processing), it in-
vestigates a much broader set of technologies than
was possible in previous surveys covering the entire
manufacturing sector.® These technologies are con-
sidered to be the newer, leading-edge technologies.

In order to make a preliminary identification of these
technologies and the factors influencing their use,
we reviewed the literature and met with experts in
research establishments, universities, government
and industry. The set of technologies selected is by
no means exhaustive; the goal was to identify those
technologies that were representative of the kinds of
new technologies being adopted by the industry. It
includes both those technologies applicable to manu-
facturing activities in general, as well as those more
or less unique to the food-processing industry.

This information was then used to design a survey
of food-manufacturing establishments. The survey
is unique in its focus on the food industry and its
comprehensive coverage of the industry.

The questionnaire consists of ten sections covering
general firm and plant characteristics, the produc-
tion environment, business practices, advanced tech-
nology adoption, skill development, development of
new technologies, competitive environment, effects
of technology adoption, impediments to technology
adoption, and the importance of government pro-
grams in this area. General plant characteristics
provide a profile of factors that are hypothesized to

4 See Statistics Canada (1991), Baldwin and Sabourin (1995).

affect technology use—for example, whether the op-
erations are continuous or batch, high or low vol-
ume. Business practices are investigated in three
areas that are hypothesized to affect technology
use—quality management, materials management
and product development. Various aspects of the
competitive environment—from consumer demand
to the amount of technological change—are exam-
ined because of their potential effect on technologi-
cal use. Different impacts of technological use—from
productivity gains to enhancement of quality at-
tributes—are investigated in order to evaluate the
importance of technology use. Innovation, particu-
larly process innovation, was also examined because
of its close connection to the use of new advanced
technologies.

For reasons that are discussed more fully in Chapter
4, we expected the rate of adoption of advanced tech-
nologies to be influenced by the type of products
produced (the particular industry), the size of estab-
lishment and the nationality of ownership (country
of control). The population was, therefore, stratified
by these three variables. Four employment-size cat-
egories were used: 10 to 19, 20 to 99, 100 to 249,
and 250 or more employees. Plants with fewer than
10 employees were not surveyed because of cost
constraints. Seven industries (bakery, cereals, dairy,
fish products, fruit and vegetables, meat and “other”
food products®) and three ownership categories
(Canada, the United States, and other foreign coun-
tries) were used. The population distribution of Ca-
nadian food processors across each of these three
stratification variables is discussed in the next chap-
ter as part of the industry overview.

5 The “other” food products industry consists of vegetable oil mills, sugar and confectionery, and other food products not

elsewhere specified.
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Table 3A: Survey Response Rates

Stratification Variable Completed Response
Units Rate
Number of employees
10-19 206 82.1
20-99 408 83.8
100-249 145 89.0
250 or more 95 81.2
Ownership
Domestic 666 83.0
United States 108 85.0
Other foreign 80 90.0
Industry
Bakery 129 80.6
Cereal 133 85.3
Dairy 105 86.1
Fish 110 82.7
Fruit and vegetables 101 89.4
Meat 137 85.6
Other 139 79.9
All 854 83.9

The survey was conducted in stages. First, each of
the sampled units was contacted in order to deter-
mine the name and mailing address of the person
who should receive the questionnaire. The question-
naire was then mailed out to the respondent, who
was the plant manager, for the most part. Lastly, fol-
low-ups were done by telephone interviews.

The sample was randomly drawn from a frame of
Canadian food-processing establishments taken from
Statistics Canada’s Business Register. The survey unit
was the establishment. Overall, 1,345 establishments
were surveyed. The overall response rate for the sur-
vey was 84% (see Table 3A). Response rates were
high across each of the three stratification variables—
size, industry, and country of control—ranging be-
tween 80% and 90%. Response rates were 83% for
small establishments; 89% for medium establish-
ments; and 81% for large establishments.

Industry response ranged from a low of 80% for the
bakery and “other” food products industries, to a high
of 89% for the fruit and vegetable industry. Similarly,
the response rate was 83% for domestically owned
plants, 85% for U.S.-owned plants, and 90% for other
foreign-owned plants.

For the purposes of this study, 61 advanced tech-
nologies covering nine functional areas were identi-
fied. The nine functional technology groups are:

processing; process control; quality control; inven-
tory and distribution; management and information
systems and communications; materials preparation
and handling; pre-processing; packaging; and de-
sign and engineering. Management systems and
communications provide the integrative and control
functions that serve to link the technologies used for
each of the other purposes—from pre-processing
through to distribution. The individual technologies
in each group are identified in Table 3B. The func-
tional areas and individual technologies are described
in Chapter 9 on technology use. These and other
food-industry technologies are described in such
publications as those by Hui (1992), Greig (1984),
McCorkle (1988), Heldman and Hartel (1997), Gould
(1996), and Mittal (1997a).

Although the primary focus of this study is the entire
food-processing sector, the results that deal with tech-
nology use at the level of the sector’s constituent
industries are also of interest, both in their own right
and as a factor explaining the food-industry findings.
As a result of differences in products, production
processes and industry structure, we would expect
the adoption rates for some advanced technologies
to differ by industry. Reported rates may also have
been affected to some degree by the specific tech-
nologies identified or not identified in the survey.

In some cases, the answers to questions about the
importance of strategies, practices or effects are
scored on a scale of 1to 5, where 1 is not important
and 5 is extremely important. Often, we summarize
the answers to the questions that use these scales
by reporting the percentage of establishments that
report a score of 4 or 5. These are often referred to
as extreme scores. Using these scores has several
advantages. First, it provides the reader with an in-
tuitive metric—the percentage of businesses that re-
gard an item as very important. The extreme score
also provides a robust indicator of the percentage of
businesses that indicated they were above the mid-
point in the distribution—for example those who felt
that the innovation costs simply constituted a “sig-
nificant” barrier to adoption—without worrying about
distinctions beyond this point.

Unless otherwise specified, the data presented in this
report are population estimates. They are reported
as percentages of establishments affected, which
have been derived by using the appropriate estab-
lishment weights to convert sample results to popu-
lation values.
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Table 3B: Advanced Technologies by Functional Group

Functional Technology Group

1. Processing
1.1 Thermal preservation

1.2 Non-thermal preservation

1.3 Separation, concentration, water removal

1.4 Additives or ingredients

1.5 Other

2. Process control

3. Quality control
3.1 Process testing

3.2 Laboratory testing

3.3 Simulation

4. Inventory and distribution

5. Management and information systems and communications

6. Materials preparation and handling

1. Pre-processing activities
7.1 Raw product quality enhancement

Advanced Technology

— aseptic processing

— retortable flexible packages
— infra-red heating

— ohmic heating

— microwave heating

— chemical antimicrobials
— ultrasonic techniques

— high pressure sterilization
— deep chilling

— membrane process

— filter technologies

— centrifugation

— ion exchange

— vacuum microwave drying
— water activity control

— bio-ingredients
— microbial cells

— electrotechnologies
— microencapsulation

— automated sensor-based equipment
— automated statistical process control
— machine vision

— bar-coding

— programmable logic controllers

— computerized process control

— chromatography

— monoclonal antibodies
— DNA probes

— rapid-testing techniques

— automated laboratory testing

— mathematical modelling of quality or safety

— bar-coding
— automated product handling

— local area network

— wide area network

— inter-company computer networks

— Internet—for marketing or promotions

— Internet—for procurement, research, hiring, etc.

— integrated electronically controlled machinery
— individual electronically controlled non-integrated machinery
— electronic detection of machinery failure

— animal stress reduction
— bran removal before milling wheat
— micro-component separation
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Table 3B: Advanced Technologies by Functional Group — Concluded

7.2 Raw product quality assessment

8. Packaging
8.1 Equipment

8.2 Preservation
8.3 Advanced materials

9. Design and engineering technologies

electronic or ultrasonic grading
collagen, colour or PSE probe
near infra-red analysis (NIR)
colour assessment or sorting
electromechanical defect sorting
rapid-testing techniques

non-integrated electronically controlled packaging machinery
integrated electronically controlled packaging machinery

modified atmosphere

laminates
active packaging
multi-layer materials

computer aided design and engineering (CAD/CAE)

CAD output used to control manufacturing machines (CAD/CAM)
computer aided simulation and prototypes

digital representation of CAD output used in procurement activities
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Chapter 4 - The Food-processing Industry

4.1 Industry Overview

The food-processing industry (SIC 10) is Canada’s
third largest manufacturing industry and consists of
some 3,000 producing establishments. In 1995, the
industry employed 210,000 people and accounted for
about 11% of total manufacturing gross domestic
product (GDP).

The industry has been growing at a modest rate;
between 1990 and 1995, the value of shipments (in
constant dollars) increased 12%, and manufacturing
value added 8%. This compares with 29% and 10%,
respectively, for the entire manufacturing sector.

The relatively slow growth of food processing ex-
tends a trend that began in the 1980s. In 1980, the
food industry accounted for about 14% of the total
gross domestic product produced by the entire manu-
facturing sector. Since that time, real output in the
food-processing industry has only grown by some
0.7% per year, while the total manufacturing sector
grew at three times that rate—or 2.1% per year. As a
result, by 1995 the cumulative increase in the manu-
facturing sector was 38%, but the increase in food
processing was only 11% (Figure 1). By 1995, the
gross domestic product of the food-processing in-
dustry had fallen to about 11% of that of the manu-
facturing sector as a whole.

Figure 1 — Growth in Gross Domestic Product
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Over this period, employment in the food-processing
industry has remained stagnant. In 1980, there were
some 225,000 jobs in the industry; by 1995, the num-
ber had fallen to about 210,000. This rate of decline
was about the same for the manufacturing sector as
a whole, where total jobs fell from about 2.1 million

to about 1.9 million over the same period. As a re-
sult, food processing’s share of employment in manu-
facturing stayed at about 11% over the period.

The lower rate of growth in food processing com-
pared with manufacturing output, when accompa-
nied by similar rates of change in labour inputs in
the two sectors, results in lower growth rates of
labour productivity in food processing. Real output
per worker increased by only 1.1% annually in the
food-processing industry in the period from 1980 to
1995, but it increased by 2.6% annually in the manu-
facturing sector as a whole over the same period. As
a result, the cumulative increase in real GDP per
worker over this period was 19% in food processing
and 49% in manufacturing (Figure 2). There are also
large differences in the growth of multifactor produc-
tivity, which increased by over 35% in the manufac-
turing sector between 1980 and 1995, but by less
than 10% in the food sector.

Figure 2 — Growth in Productivity Per Worker
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While the food-processing industry’s links to the glo-
bal economy (whether measured in terms of foreign
ownership or trade) are not as strong as those of other
industries in the manufacturing sector, the links of
some of its constituent industries are strong enough
to potentially affect economic performance. For the
industry as a whole, exports and imports tend to be
roughly equal; in 1995 they were both valued at about
$8.2 billion. Exports represented some 19% of the
value of shipments, and imports represented about
19% of the domestic sales of processed products.
While food processing ranks lower than other manu-
facturing industries with respect to export intensity,
since the late 1980s there has been a small upward
movement of several percentage points. At the same
time, import intensity has also grown, and the trade
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balance (exports minus imports) has hovered around
zero.

Foreign-controlled firms account for a relatively small
percentage of establishments in the food-processing
industry (11%) but these plants are larger than do-
mestic plants; as a result, foreign-owned plants ac-
counted for almost a third of total employment, and
as of 1995, more than 40% of total shipments. The
importance of the foreign sector has been growing
in recent years. While establishments controlled from
abroad accounted for about 30% of shipments in the
early 1980s, this had increased to more than 40% by
the early 1990s (Figure 3). The food-processing in-
dustry is also linked to the global economy through
its use of imported inputs, including raw products
and machinery and equipment. All the major food-
processing equipment manufacturers are based in
other countries.

Figure 3 — Foreign Share of Shipments
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The food-processing industry is composed of a set
of 22 four-digit industries. In this study, these indus-
tries are aggregated into seven major industry
groups. In order to avoid confusion and excessive
repetition, we will refer to the food-processing indus-
try as a whole as “the food-processing sector” or
“food manufacturing” or, most frequently, simply as
the “food industry.” In alphabetical order, the seven

Table 4A: Industry Characteristics (1995)

major industries that make up the food industry, as
defined by their respective SIC 4-digit industries, are:

Bakery
— biscuits (1071)
— bread and other bakery products (1072)
Cereal
— cereal grain flour (1051)
— prepared flour mixes and cereal foods (1052)
— feed (1053)
Dairy
— fluid milk (1041)
— other dairy products (1049)
Fish
— fish products (1021)
Fruit and vegetable
— canned and preserved fruits and vegetables (1031)
— frozen fruits and vegetables (1032)
Meat
— meat and meat products (except poultry) (1011)
— poultry products (1012)
“Other” food
— vegetable oil mills (except corn oil) (1061)
— cane and beet sugar (1081)
— chewing gum (1082)
— sugar and chocolate confections (1083)
- tea and coffee (1091), dry pasta products (1092)
— potato chips, pretzels and popcorn (1093)
— malt and malt flour (1094)
— other food products (1099)

These industries differ appreciably with respect to
the type of products they produce, the market struc-
ture, and the market conditions faced, including ex-
posure to international markets. As measured by
value added, the largest industry is the “other” cat-
egory, at more than $4 billion in 1995. The next larg-
est are the meat, dairy, and bakery industries at $2.9,
$2.2 and $2.1 billion, respectively (Table 4A)%. The
fish industry is the smallest with $1 billion of value
added. On the other hand, when measured by em-
ployment, the meat industry is largest with 47,700
employees, and the “other” sector is next with 38,500
employees. The cereal industry has the lowest level
of employment. The highest output per worker is in
the cereal and “other” industries—and the lowest is
in the fish products industry.

Number of Total Total Average Value-added

Industry establishments employment Value-added employment per worker
($millions) size ($100,000)

Bakery 552 27,040 2,060 49 7.6
Cereal 574 14,363 1,772 25 12.3
Dairy 376 21,728 2,198 58 10.1
Fish 430 21,640 1,076 50 5.0
Fruit and vegetables 237 18,141 1,980 77 10.9
Meat 604 47,702 2,917 79 6.1
Other 676 38,497 4,834 57 12.6
Total 3,449 189,111 16,836 55 8.9

! Excludes working owners and proprietors.

6 These numbers are taken from the Survey of Manufactures.
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Figure 4 — Export and Import Intensities
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Note: The graph omits the fish industry, in which the export and import intensities are above 50%. It is, however, included in the total.

Of the more of 3,000 establishments in the food-
processing sector, the largest numbers are found in
the meat, cereal and “other” industries. Meat and
“other” account for the largest number of employ-
ees. Establishment numbers are also relatively high
in the fish products industry. But cereal and fish both
have a smaller number of total employees and thus
the smallest average establishment size. Average em-
ployment size is largest in the meat and fruit and veg-
etable industries.

Over the period 1990 to 1995, the fastest growing
industries, as measured by value added, were the
“other,” bakery, and fruit and vegetable industries,
while the fish and dairy industries declined. Relative
growth rates, however, are much the same when
measured by the value of shipments.

The degree of import competition varies apprecia-
bly by industry segment. Import intensity is highest
in the fish industry, where imports account for more
than 50% of domestic disappearance (which is de-
fined as shipments minus exports plus imports). The
import intensity is higher than 25% in the fruit and
vegetable industry and in the “other” industry. The
import intensity is lower in the dairy, meat, cereal
and bakery industries (Figure 4).

Exports have been a source of growth for all indus-
tries in the food-processing sector. Over the 1988 to
1995 period, the largest proportional increases in
exports as a share of production occurred in the bak-
ery and cereal industries. Exports are especially im-
portant to the “other” industry and the meat industry
(Figure 4).

On the other hand, import intensity has also increased
for all industries. The bakery and cereal industries

had the largest proportionate increase in both im-
port intensity and export intensity.

4.2. Characteristics Related to

Technology Adoption

Previous studies have shown that the rate of tech-
nology adoption varies with the size of plant (Statis-
tics Canada 1991; Baldwin and Sabourin 1995). Other
factors relevant to technology adoption include
the country of control, the plant diversification of
the parent firm, the stage of processing, market
structure, as well as other product or process
characteristics (such as high-volume products, batch
processing). Each of these is discussed here. Except
where indicated, these characteristics are based on
responses to the survey on the part of establish-
ments.”

4.2.1 Distribution of plant size

While the average size of a plant in the food-
processing sector in 1995 was 55 employees, we
have already seen that average plant size differs
substantially across industries (Table 4A). The data
for Table 4A was taken from Statistics Canada’s Sur-
vey of Manufactures and provide average levels of
employment during the year. Because the number
of employees in food-manufacturing establishments
often varies greatly with the season, respondents to
the Technology Survey were asked to indicate the
maximum number of employees during the year. It
was expected that if plant size were to influence the
choice of technology, it would do so based on oper-
ating capacity. In fact, 40% of all qualified plants
increase employment substantially to meet seasonal
peaks. The five size classes used throughout this

” Note that in the survey only manufacturing establishments have been included (head offices are omitted). Establish-

ments with fewer than 10 employees are excluded.
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report—10 to 19, 20 to 49, 50 to 99, 100 to 249 and
250 or more employees—are based on the highest
employment level during the year.

The largest percentage of establishments is found in
the smallest size classes (Figure 5). About 24% of
establishments have 10 to 19 employees; another
28% have between 20 and 49 employees. Only 10%
have 250 or more employees.

Figure 5 — Establishment Size Distribution
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The distribution of plant size by industry is presented
in Table 4B. For most industries, the largest percent-
age of establishments is found in the smallest two
size classes. However, the fish product industry is an
exception; it has a lower percentage of plants in the
lowest size category than most of the other indus-
tries, and more in the 100-t0-249 size group. There is
also a smaller than average percentage of dairy plants
in the smallest size category. In contrast, there is a
relatively larger percentage of establishments in the
smallest class in the cereal industry. The highest con-
centration of plants in the 250-or-more size class is
found in the fish, fruit and vegetable, dairy and meat
industries.

4.2.2 Country of control

Multinational firms are described as having superior
access to advanced technology (Blomstrom and
Kokko 1997). The theory of the multinational firm

Table 4B: Distribution of Plant Sizes by Industry

stresses that expansion across national borders is
related to the need to exploit hard-to-transfer skills
that are related to marketing or technology (Caves
1982). This was confirmed by a survey of senior offi-
cials of multinational enterprises in the food industry
(Vaughan et al. 1994; Vaughan 1995). These manag-
ers indicated that foreign production provided them
with a greater ability to utilize, develop and protect
intangible assets such as management and market-
ing expertise, brand names and technology.

In order to investigate the role of multinational enter-
prises in technological change in the food-processing
sector, we stratified the sample by country of plant
ownership or control. Three groupings were used:
Canada, the United States and other foreign coun-
tries. These strata are based on the location of the
head office of the controlling firm, that is, the firm
that directly or indirectly holds a sufficient share of
voting stock (typically 50%) to control its manage-
ment.

Based on this survey, 89% of food-processing es-
tablishments are controlled by firms that have head
offices in Canada; about 8% and 3% have head of-
fices in the United States and other foreign countries,
respectively.

The degree of foreign ownership or control differs
appreciably by industry. The highest levels (around
22%) are found in “other” industries. On the other
hand, less than 5% of all establishments in the meat
and fish industries are foreign controlled (Figure 6).

Foreign control is positively related to plant size (Fig-
ure 7). For example, 25% of foreign-controlled plants
have 250 or more employees compared with 9% of
Canadian-controlled plants. The distribution of Ca-
nadian plants is skewed toward the smaller size
classes; the distribution of foreign-controlled plants
is skewed toward the larger plant sizes. Interpreta-
tions of the effects of foreign control and plant size

Employment size group

Industry 10-19 20-49 50-99 100-249 250+
percentage of establishments
Bakery 25 29 24 17 5
Cereal 42 34 14 9 1
Dairy 17 28 25 15 16
Fish 2 27 22 32 16
Fruit and vegetables 26 22 17 20 14
Meat 26 29 16 14 15
Other* 25 26 19 20 9

* Includes Vegetable Oil, Sugar and Confectionary, and other SIC-E Industries.

28

Statistics Canada — Catalogue no. 88-518



Advanced Technology in the Canadian Food Processing Industry

Figure 6 — Foreign Ownership by Industry
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Figure 7 — Distribution of Foreign and Domestic
Establishments by Size Class
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on technology use need to take the relationship be-
tween these two characteristics into account.

4.2.3 Multi-plant firms and facility
location

We would also expect the extent to which a firm is
diversified to affect its ability to adopt advanced tech-
nologies. Holding plant size constant, one expects
that belonging to a parent that has multiple plants
means that a broader range of experiences are avail-
able in solving technology problems.

Multi-plant firms have more opportunities for spe-
cialization, and, at the same time, are more likely to
force certain types of management and communica-
tions problems, all of which affect the need, as well
as the opportunity, to introduce advanced technolo-
gies at the plant level. To capture this effect, we mea-
sured the extent to which each plant belongs to a
multi-plant firm.

On average, 39% of all plants are a part of a multi-
plant firm. This is a characteristic that is strongly re-
lated to plant size; while it applies to only 15% of
plants with 10 to 19 employees, it applies to 89% of
plants with 250 or more employees (Figure 8).

Figure 8 — Percentage of Plants Belonging to
Multi-plant Firms
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4.2.4 Stage of processing

Technology use is also thought to depend on whether
a plant is engaged in primary processing (that is, the
first stage of processing where raw products are pro-
cessed to produce fresh meat, flour, fluid milk,
cheese, canned fruit and frozen vegetables), or sec-
ondary, value-added processing (the further process-
ing of primary products to produce products such as
sausages, frozen dinners and baked goods), or both.
For instance, the use of advanced packaging applies
less to the early stages of the production process
than to the later stages.

Plant managers were asked to categorize their op-
erations as primary processing, secondary or both.
The line between the two depends on how manag-
ers interpret the difference between the two and this
may vary by industry. For example, in bakery prod-
ucts, managers may classify bread as involving noth-
ing more than primary processing and think of more
complex products as secondary.

Overall, 39% of establishments are engaged in pri-
mary processing only, 22% are engaged in second-
ary processing only, and 39% do both (Table 4C). This
means that about 80% of establishments in the food
industry do at least some primary processing, and
60% do at least some secondary or further process-

ing.

As might be expected, the percentage of plants en-
gaged in each type of processing varies by industry
(Table 4C). Establishments in the fish, dairy, and bak-
ery industries are the most likely to specialize in pri-
mary processing. Plants in the bakery and “other”
industries are the most likely to specialize in second-
ary processing; while plants in the fish and meat in-
dustries are the most likely to do both primary and
secondary processing. Very few bakery plants com-
bine primary and secondary processing within their
operations.
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Table 4C: Selected Establishment Characteristics by Industry

Establishment characteristics Bakery Cereal Dairy Fish Fruit and Meat Other* All
Vegetables
percentage of establishments
Stage of processing
Primary only 50 34 53 43 38 36 27 39
Secondary only 35 22 14 9 25 18 30 22
Primary and secondary 15 44 33 48 36 46 43 39
High-volume products 54 61 n 73 69 62 55 62
Operations
Continuous 59 39 65 57 45 62 45 53
Batch 41 61 35 43 55 38 55 47
Number of competitors
None 3 1 1 4 4 6 2 3
1-5 30 15 24 15 34 19 35 24
6-20 26 37 28 31 42 39 44 36
More than 20 41 48 47 51 19 36 19 37

* Includes Vegetable Qil, Sugar and Confectionary, and other SIC-E Industries.

Plants with 10 to 19 employees tend to be concen-
trated in primary processing (46%), while those with
250 or more employees are the most likely (58%) to
produce both primary and processed products. The
proportions for all the other size groups approximate
the average for the entire food-processing sector.

There are no notable differences between domestic-
and foreign-controlled firms with respect to their like-
lihood of engaging in the different types of process-

ing.

4.2.5 Other product and process
characteristics

Other product or process characteristics that might
be expected to influence technology use include
whether a firm produces high-volume products or
short runs of several different products, and whether
afirm uses continuous or batch operations. Technol-
ogy use and business practices are also likely to be
related to a plant’s food regulatory regime.

Volume products. The production of high-volume
products may create a need for flexible manufactur-
ing systems and may affect the type of materials han-
dling and inventory control systems used. The fixed
costs of some of the technological processes exam-
ined in this study may simply be too high to permit
their introduction by firms with relatively low vol-
umes. On the other hand, firms with low volumes
may require “flexible” technologies to facilitate quick
changeovers between product lines.

About 50% of establishments indicated that high-
volume products represent two-thirds or more of all
their shipments (Figure 9). Another 25% said that
high-volume products accounted for between one-
third and two-third’s of their shipments.

Figure 9 — Distribution of Plants According to
Volume Class
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Large plants are more likely than smaller plants to
have more of their output in high-volume products.
Canadian-controlled plants are more likely than for-
eign-controlled plants to have more than two-thirds
of their output in high-volume products.

The importance of volume shipments differs substan-
tially across industries. Firms in the fish, dairy, as well
as fruit and vegetable industries reported that roughly
70% of their shipments involve high-volume prod-
ucts. At the other end of the spectrum are the bakery
industry and “other” specialty sector, where volume
is much less important (Table 4C).
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Continuous operations. The extent to which opera-
tions involve continuous production flows or batch
processes is related to the volume characteristics of
the production process. Some processes, such as
traditional breadmaking, are inherently batch opera-
tions. It is difficult to establish continuous operations
in plants where there are short production runs.
Plants that produce numerous products require a
production process that continuously changes prod-
uct lines and focuses on individual batches. It is ex-
pected that the technologies required for each type
of process differ—much as they would differ for high-
and low-volume product lines.

Only 53% of establishments have continuous opera-
tions (Table 4C). This means that almost one out of
two plants have a production line that involves some
degree of batch operations. Interestingly, Canadian-
controlled plants are more likely to focus on continu-
ous operations than foreign-controlled plants—54%
and 41% respectively. This may indicate that multi-
national firms focus more on product lines that in-
volve product differentiation and batch operations.
The percentage of establishments reporting continu-
ous operations increases with plant size—from about
40% of establishments in the 10-to-19 size class to
more than 64% in the largest size class (Figure 10).

Figure 10 — Percentage of Establishments with
Continuous Operations
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Industries differ substantially in their use of continu-
ous processes for production (Table 4C). At the head
of the list are dairy and meat. The cereal, fruit and
vegetable and “other” industries are below the sec-
tor average when it comes to utilizing continuous
operations and above average in terms of batch pro-
cesses.

Regulatory regime. All food-processing plants are
subject to the food health and safety regulations of
the markets they serve. About 80% of food-industry
plants undergo federal inspection, 50% provincial
inspection, and 25% local inspection (see Appendix
A). The means used by a plant to meet these

regulations are related in part to the technologies and
business practices employed in the plant.

4.2.6 Markets and competitors

One might expect market location to influence the
technology used by plants. Firms active in foreign
markets, for example, might be expected to use more
sophisticated distribution and communications tech-
nologies. These differences in market location are
related to differences in plant characteristics such as
size, country of control and types of products pro-
duced.

Plants in the food-processing sector serve more than
one geographic market. About 80% serve regional
Canadian markets, 50% serve national Canadian
markets, 47% serve U.S. markets, and 36% serve
other foreign markets (see Appendix A).

The number of competitors that plants face varies
considerably. Slightly more than a quarter of plants
(27%) have a small number of competitors—five or
less (Table 4C). The rest of plants are split quite
evenly; 36% have a medium number of competitors
(6 to 20) and 37% have a large number of competi-
tors (more than 20).

Foreign-controlled enterprises face fewer direct com-
petitors than Canadian-controlled enterprises. Over
40% of domestic establishments compete against
more than 20 firms while only 22% of foreign-
controlled firms do so. In contrast, 40% of foreign-
controlled establishments compete against fewer
than six firms, while only 256% of Canadian-controlled
firms do so. Thus, not only are foreign firms more
specialized, they are also more likely to operate in
relatively concentrated markets.

There is no consistent pattern evident in the number
of competitors across class sizes (Figure 11). The
smallest and largest size groups tended to identify
more competitors than the other size groups. The
percentage of firms facing between 6 to 20 competi-
tors increases across size classes—from 24% in the
10 to 19 group to 41% in the 250 or more employee

group.

While the majority of establishments in all industries
face more than six competitors, there are some dif-
ferences in the competitive environments faced by
each industry. Firms in the bakery, “other,” and fruit
and vegetable industries are the most likely to have
five or fewer competitors (Figure 12). The cereal and
fish industries have the largest percentage of plants
that face more than six competitors.
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Figure 11 — Distribution of Number of Competitors by Size
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Figure 12 — Distribution of Number of Competitors
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4.3 Summary

The food-processing industry is one of Canada’s larg-
est manufacturing industries. Its constituent indus-
tries produce products ranging from frozen dinners
to animal feed. On the whole, the industry consists
of modest-sized plants whose output and productiv-
ity have been growing at a moderate rate since the
early 1980s. The participation of multinational firms
in the industry has also been growing, and its trade
exposure, which is still low compared with most
manufacturing industries, has been increasing.

The following chapters discuss the use of technol-
ogy and innovation, as well as related business prac-
tices, found in the food industry. Because of the
inherent interest in differences in technology use
across plant-size classes, between multinational and
domestic firms, and across industries, we will con-
sistently provide evidence of differences in technol-
ogy use across these classes. This chapter has
provided background information on the differences
in plant characteristics by size class, industry and
country of control.

Overall, small plants are more likely to be owned
domestically, to do less processing of a continuous
nature, to have smaller proportions of shipments that

are high-volume products, and to face a larger num-
ber of competitors. They are also more likely to fo-
cus on primary processing and less likely to combine
both primary and secondary processing. Finally,
larger concentrations of small plants are found in the
cereal, bakery and meat industries.

Foreign-controlled plants are likely to be larger and
to be found in the cereal, fruit and vegetable, and
“other” specialty sectors. They are more likely to
belong to a firm that has multiple plants. They are
just about as likely to be involved in primary pro-
cessing as domestically owned plants. They are less
likely to have a larger percentage of shipments in
high-volume products, which indicates less special-
ization and more product diversification. They are
also less likely to have continuous operations.

We have also noted considerable differences in struc-
ture and performance across the industries studied
here—fish, fruit and vegetables, dairy, cereal, bak-
ery, meat and poultry, and “other.” The fish industry,
which is large in terms of total shipments, faces the
highest import intensity. This industry has one of the
highest percentages of firms engaged in primary pro-
cessing, and has a low level of foreign ownership.
Average employment in a fish-processing plant is
lower than the sectoral average. Fish plants tend to
focus either on primary processing or a combination
of primary and secondary processing. Fish products
have relatively high-volume operations and face a
relatively large number of competitors. Fish product
plants have the lowest output per worker of all the
sectors.

The “other” industry and the fruit and vegetable in-
dustries are also quite large overall; they have larger
than average plant sizes and higher than average
import ratios, as well as one of the higher levels of
foreign control. This would indicate that they are more
likely to operate in oligopolistic markets where there
are five or fewer competitors. Both of these sectors
have a high output per worker. The “other” industry
does the lowest amount of strictly primary process-
ing and focuses more on combined secondary and
primary processing; it also has the least shipments
of high-volume products, and places the greatest
stress on batch rather than continuous operations.

The fruit and vegetable industry does considerably
more primary-only processing than the “other” in-
dustry and has a relatively high volume, but is also
above average in stressing batch operations—prob-
ably because of product variety. Nevertheless, estab-
lishments in the fruit and vegetable industry are split
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about equally between those that do primary pro-
cessing only and those that do combined primary
and secondary processing. They do so in about the
same proportions that characterize the industry as a
whole.

The cereal industry also has one of the highest lev-
els of foreign control, but is relatively small overall
and is characterized by smaller establishments. The
cereal industry does less primary processing than
average and more combined secondary and primary
processing than average. Similar to the “other” in-
dustry, the cereal industry produces final differenti-
ated products that have more value added. Cereal
industry firms tend to be about average when it
comes to high-volume operations but are significantly
above average in terms of adopting batch processes.
They have one of the highest output-per-worker val-
ues of all the industries. Firms in this industry tend to
face a relatively large number of competitors.

The meat and dairy industries are large, with a large
average plant size and low foreign control. The dairy
industry has the highest percentage of plants
engaged in primary processing, but its output per

worker is higher than the sectoral average. Firms in
this industry are more likely to face a greater num-
ber of competitors than those in other industries. The
meat industry, on the other hand, is average with
respect to the percentage of plants that specialize in
primary production but slightly higher than average
with respect to the percentage that engage in both
primary and secondary processing. The meat and
dairy industries are the most likely to have continu-
ous production—although the dairy industry is above
average in stressing high-volume products, and meat
is just average. The meat industry has a relatively
low output per worker.

The bakery industry is one of the smallest industries
with respect to output but it employs large numbers
of people. It has an average plant size that is less
than the food-industry average and an output per
worker that is also lower than average. It has the high-
est proportion of plants that specialize in secondary
processing. It also gives the least importance to high-
volume products and is more likely to function in
oligopolistic markets where there are five or fewer
competitors.

Statistics Canada — Catalogue no. 88-518

33






Advanced Technology in the Canadian Food Processing Industry

Chapter 5 - Competitive Environment

The competitive environment influences the rate and
type of technology that firms adopt. The nature of
competition is determined by characteristics of the
product market, the production process and the struc-
ture of the market.

Food products have several important characteris-
tics that influence the nature of competition in the
industry. First, because they tend to involve continu-
ous, repetitive purchases, they give consumers con-
siderable information. Consumers continually acquire
price information on regular shopping trips and, as a
result, can respond quickly to price differences that
emerge. Second, the quality of food products re-
ceives continual scrutiny, both because of safety con-
siderations and because the consumption of food is
so closely related to the gratification of the senses
(taste, smell). Third, the wide range of choices that
are available to satisfy the needs of consumers means
that most products (from meat to dairy to vegetables
to processed foods) compete directly against one
another for the food budget. These three aspects of
the food market mean that consumers are constantly
evaluating price/quality trade-offs across a wide
range of products, and that there is intense competi-
tion with respect to price and quality in most
submarkets.

These characteristics of the competitive environment
are reinforced or attenuated by other market charac-
teristics such as the significant presence in some
segments of a small number of firms with strong
brands, government regulation and import competi-
tion.® At the same time, many processors face large
food retailers, wholesalers, and food-service firms as
buyers. Some of these have their own processing
operations. As described in the industry overview,
both import competition and export opportunities for
food products are increasing. These trends empha-
size the importance of being internationally competi-
tive. At the same time, regulations in areas such as
advertising, packaging, labelling and food safety must
be met.

Firms must develop competencies to deal with
the problems posed by this environment. We
would, therefore, expect differences in the type and

intensity of competition to influence the strategies
that are adopted and the emphasis that is placed on
using advanced technologies. For example, firms in
industries where products quickly become obsolete
because of technological change or because of shift-
ing consumer preferences must emphasize the de-
velopment of new products. Firms in industries where
technology quickly becomes obsolete have to mas-
ter process innovation if they are to survive. Under-
standing the types of competitive environments faced
by firms in different industries in the food sector is
therefore critical to understanding the strategies
employed.

Two key characteristics of the competitive environ-
ment are the uncertainties of market forces facing
food-processing firms and the forms of product com-
petition that firms adopt. Each of these will be dis-
cussed in turn.

5.1 Uncertainty and Market Forces

Characteristics of the market that create uncertainty
and that influence the competitive behaviour of firms
include the ease of entry from various sources, im-
port competition, difficulties in predicting consumer
demand, and the rapidity with which products and
technology become obsolete. Higher rates of entry
are associated with more intense competition in a
number of ways (Baldwin 1995). Uncertainty of de-
mand makes tacit collusion in oligopolistic markets
more difficult. Rapid technological change places in-
tense pressure on existing firms and often erodes
the advantages of incumbent firms.

In this study, managers were given a scale of 1to 5
(where a score of 1 indicates strong disagreement, 3
indicates neutrality, and 5 indicates strong agreement)
to rate the extent to which eight different sources of
uncertainty affected their industry. Managers indi-
cated whether: 1) imports offered substantial com-
petition; 2) consumer demand was difficult to predict;
3) competitors actions were difficult to predict ; 4)
the arrival of new competitors was a constant threat;
5) product obsolescence was rapid; 6) production
technology changes rapidly; 7) competitors could
easily substitute among suppliers; and 8) customers

8 For a more detailed description, see The Canadian Food and Beverage Processing Sector (Agriculture and Agri-Food

Canada, 1998).
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Table 5A: Uncertainty of Competitive Environment by Industry

Sources of uncertainty Bakery Cereal Dairy Fish Fruit and Meat Other All
vegetables
percentage of establishments reporting a score of 4 or 5

Imports offer substantial competition 20 25 30 45 55 43 52 38
Consumer demand is difficult to

predict 43 40 40 46 38 37 34 40
Competitors actions are difficult to

predict 33 41 50 38 45 34 41 39
The arrival of new competitors is a

constant threat 49 44 56 55 52 49 56 51
Products quickly become obsolete 18 13 12 15 21 1" 24 16
Production technology changes rapidly 35 26 53 31 37 39 30 35
Competitors can easily substitute

among suppliers 52 45 62 53 55 44 48 50
Customers and/or suppliers can

become competitors 51 46 45 55 49 45 40 47

and/or suppliers could easily become competitors.
The percentage of establishments reporting scores
of 4 (agreement) and 5 (strong agreement) for each
of these factors is provided in Table 5A.

Overall, the threat of increased competition from new
competitors—that is, the threat of customers or sup-
pliers becoming competitors, the ease with which
competitors can easily switch among suppliers, and
the threat offered by new entrants—are the areas of
greatest uncertainty. About half of managers consider
these problems to be severe. The predictability of
consumer demand, the predictability of competitors’
actions, the competition from imports and changes
in production technology are next in importance. The
lowest percentage of managers are concerned with
product obsolescence.

Differences exist in the competitive environments
faced by the seven industries studied here. Four dif-
ferent groupings are evident. The bakery and cereal
industries make up the first set. Managers in these
industries stress that the areas of greatest uncertainty
are the threat of new competitors, the concern that
customers or suppliers can become competitors, and
the ease with which competitors can substitute
among suppliers. Other causes of uncertainty are
given less emphasis.

In the second group, the fish and meat industries,
managers also place the greatest emphasis on these
three sources of uncertainty, but they are more con-
cerned about imports than the first group.

In the third group, the fruit and vegetable and “other”
industries, managers place the same high degree
of emphasis on the threat from new competitors,

supplier substitutability by competitors and the abil-
ity of suppliers or customers to become competitors,
while being even more concerned than the second
group with the threat of import competition.

The dairy industry exhibits yet a fourth pattern. Like
all the other industries, managers here rank supplier
substitutability and the threat of new competitors as
the most important sources of uncertainty, but un-
like the others, they rank rapidly changing produc-
tion technology third. Firms in this industry, therefore,
have a special need to develop an effective technol-
ogy strategy in order to compete.

5.2 Nature of Competition

The type of risks that a firm faces affects the product
market strategies it adopts as it struggles with the
uncertainties that arise from its competitive environ-
ment. Firms can compete in a number of ways—
through new products, improvements in quality, and
lower prices. Some firms will try to develop a com-
petitive advantage by producing the same “good” at
a lower cost than its rivals. Others will rely on excep-
tional customer service. Firms may use a combina-
tion of these and other strategies. The outcome of
the choices made here determine the key areas of
market competition and, in particular, how technol-
ogy will be used to support a firm’s objectives.

Plant managers rated the intensity of competition in
their industry in a number of areas: price, product
quality, customization of products, flexibility in re-
sponding to customer needs, customer service, prod-
uct diversification, and the frequent introduction of
new or improved products. This rating was based
on a five-point scale where a score of 1 indicates low
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Table 5B: Areas of Intense Competition by Industry

Areas of competition Bakery Cereal Dairy Fish Fruit and Meat Other All
vegetables
percentage of establishments reporting a score of 4 or 5

Customization of products 50 60 63 35 62 45 60 52
Price 74 83 88 85 90 77 82 82
Flexibility in responding to

customers’ needs 70 75 n 58 12 62 60 66
Quality of products 75 71 81 78 84 68 69 75
Customer service 75 72 79 70 80 n 68 73
Offering a wide range of related

products 58 51 66 40 72 51 58 55
Frequently introducing new or

improved products 47 43 50 21 42 39 46 41

intensity, 3 medium intensity, and 5, high intensity.
Once again, the percentage of establishments that
gave a score of 4 or 5 in each area are reported
(Table 5B).

For most establishments, price competition is the
most intense form of competition. This is followed
by product quality, then customer service. This holds
across all industries. Only for cereal is flexibility in
responding to customer needs as important as prod-
uct quality and customer service.

Customization of products and the frequent introduc-
tion of new products are the areas of least impor-
tance. Even so, they are considered to be areas of
moderate to high competition by between roughly
40% and 60% of establishments across all industries
except fish. Managers in the dairy industry as well as
in the fruit and vegetable industry generally give
above average ratings in all areas of competition.
Managers in the meat and fish industries give below
average ratings.

5.3 Differences by Size of Plant and
Country of Control

Differences between the competitive environment
faced by smaller and larger plants can arise if the
two groups serve different market segments.® A com-
parison of the sources of uncertainty outlined by the
two groups (Appendix Table Ab.1) indicates that
plants of different sizes give about the same ranking
to the different sources of market uncertainty identi-
fied in this study. Likewise, plants of all size groups
give the same ranking to the most important areas
of competition in their industry (Appendix Table Ab5.2).

Despite these broad similarities in the rankings, there
are differences in the absolute value that is attached
both to the degree of competition and the nature of
the strategic response of different firms. Managers
in the largest size group are more likely to give a
higher rating to the threat of imports, new competi-
tors and substitution of suppliers. Larger plants are
also more likely to indicate that their market segment
gives greater emphasis to innovative strategies that
involve new products, customization, and a wide
range of product offerings than small firms. In keep-
ing with scale advantages of larger firms, they are
more likely to stress that price is used as a competi-
tive strategy in their market segment. This indicates
that large and small firms do not operate in the same
market segments.

Managers of Canadian- and foreign-controlled plants
do not differ greatly in their ratings of sources of un-
certainty. Foreign-controlled plants are a little more
likely to be concerned about most specific areas of
competition but the only appreciable difference is a
higher rating for the importance of customization of
products (Tables Ab.1 and Ab.2).

5.4 Summary and Conclusions

Table 5C provides a summary of our findings about
the competitive environment—the uncertainty faced
and the intensity of product market competition. The
uncertainties that firms face are ranked in descend-
ing order of importance in the first column, and the
areas of product market competition are ranked the
same way in the second column.

9 See Caves and Porter (1977) and Newman (1978) for studies that investigate differences across size groups.
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Table 5C: Uncertainty and Nature of Competitive Environment

Rank Uncertainty of Environment Areas of Product Market Competition
1 Threat of new competitors Price

2 Supplier substitution Product quality

3 Threat of suppliers or customers becoming competitors Customer service

4 Consumer demand difficult to predict Customer needs flexibility

5 Competitors” actions difficult to predict Diversity of products

6 Imports offer competition Customization of products

7 Rapidly changing production technology Frequent introduction of new products
8 Product obsolescence

The threat of new competitors, supplier substitution,
and concerns about suppliers or customers becom-
ing competitors are generally regarded as the three
areas of greatest uncertainty. Responding to this
pressure, firms give their greatest attention to price,
quality and service as competitive strategies.

The unpredictability of competitors and consumer
demand is of secondary importance. Corresponding
to this on the product strategy side is the importance
attached to the diversity and customization of prod-
ucts.

Product obsolescence is seen as relatively unimpor-
tant; consistent with this is the lower emphasis given
by food-processing firms to the frequent introduc-
tion of new products.

Finally, it is noteworthy that rapidly changing pro-
duction technology is one of the least important
sources of uncertainty for all but the dairy industry.
Only about one-third of food processors consider
rapid changes in technology to be a major feature of

their competitive environment. Technological obso-
lescence then will not be the driving force behind
the adoption of new technologies. Rather, new tech-
nologies are likely to be used primarily to retain ex-
isting customers through price and quality
competition. The exception is the dairy industry
where half of all managers rate changing technology
as a major source of uncertainty.

Broad differences in the competitive environment
exist across sectors in the degree of competition that
firms perceive to exist in their industry. Most of these
differences are related to the threat posed by imports.
In addition, there are significant intra-industry differ-
ences in the degree of uncertainty and the type of
competitive strategies that are adopted. Managers
of large plants are more likely to be concerned with
the threat of new sources of supply and to give rela-
tively more attention to innovative product strategies.
There are, however, surprisingly few differences be-
tween Canadian- and foreign-controlled plants in their
views of the competitive environment.
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Appendix Chapter 5

Table A5.1: Differences in Sources of Uncertainty by Size Group and Country of Control

Employment Size Group Nationality

Sources of uncertainty
10-19 20-49 50-99 100-249 250+ Canada Foreign

percentage of establishments reporting a score of 4 or 5

Imports offer substantial competition 32 39 37 42 48 38 44
Consumer demand is difficult to predict 34 42 42 41 39 40 41
Competitors” actions are difficult to predict 36 39 44 35 44 38 45
The arrival of new competitors is a constant threat 43 52 53 53 61 52 47
Products quickly become obsolete 14 12 19 22 16 17 13
Production technology changes rapidly 28 36 36 37 43 35 34
Competitors can easily substitute among suppliers 45 46 53 53 61 50 52
Customers and/or suppliers can become competitors 47 42 51 50 47 47 50

Table A5.2: Differences in Areas of Competition by Size Group and Country of Control

Employment Size Group Nationality

Areas of competition
10-19 20-49 50-99  100- 249 250+ Canada Foreign

percentage of establishments reporting a score of 4 or 5

Customization of products 45 50 58 56 60 50 69
Price 76 76 84 88 94 81 88
Flexibility in responding to customers needs 59 67 70 66 72 65 72
Quality of products 68 78 75 75 80 74 79
Customer service 67 76 74 70 78 72 77
Offering a wide range of related products 54 51 57 54 67 54 61
Frequently introducing new or improved products 40 35 46 40 48 40 47
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Chapter 6 - Business Strategies

6.1 General Strategies

Firms in the food-processing sector tend to choose
competitive strategies that focus primarily on price,
quality and service as ways to deal with uncertain-
ties in their environment. Their competitive stance is
supported by competencies developed through both
general and specific business strategies in the key
areas of marketing, production, management, human
resources and technology.

This section examines the type of specific compe-
tencies that firms develop in order to deal with their
competitive environment. Since this study focuses
on the use of technology, we will concentrate here
on the technology strategies that firms emphasize.
However, we expect the adoption of advanced tech-
nologies and technology-related business practices
to be related to the other business strategies pur-
sued by firms.

A “business strategy” is a means or plan used by
firms to achieve their basic goals, such as increasing
profits and growth. Strategies can be defined in terms
of high-level objectives or in terms of more immedi-
ate activities—that is, what firms do and how they
do it. For example, a firm may wish to upgrade the
skills of its labour force, which can be accomplished
by hiring new workers or by implementing training
programs. Alternately, a firm may wish to improve
the quality of its product. This objective can be at-
tained by implementing a total quality management
program (a practice), developing high-quality sup-
pliers, establishing new processing systems that im-
prove quality, or using new quality-related
technologies in the areas of process testing.®

The business strategies examined in this study cover
a range of general and specific strategies in the fol-
lowing five functional areas: marketing, production,
management, human resources, and most impor-
tantly, technology. Using a scale in which 1 repre-
sents low importance, and 5 represents high
importance, plant managers were asked to indicate
the importance they place on 23 factors in the five
areas.

The strategies we examine are identified in Table 6A,
along with the measure of importance that is attached
to them by food-industry managers. This measure is
the percentage of managers that gave a score of 4 or
5 (moderate to high importance) to each of the fac-
tors listed.

6.1.1 Marketing strategies

Marketing strategies are high-level strategies that
drive a firm’s operations and are designed to increase
demand for its output. They are related to the way a
firm views its competitive environment. Such strate-
gies may focus on existing markets or products or
on new markets or products. Focusing on existing
markets or products requires companies to focus on
core strength. Strategies that focus on new markets
tend to be more aggressive and more innovative.

In order to evaluate the extent to which firms in the
food-processing industry emphasize core business
as opposed to new business, managers were asked
to rank (again on a scale of 1 to 5) the importance
they attribute to a strategy that focuses on existing
products in present markets versus strategies involv-
ing new products and the penetration of new mar-
kets.

The strategy considered the most important by food-
processing firms was that of maintaining existing
products in current markets, which is consistent with
their need to confront the intense product competi-
tion that exists in the food-processing sector. The
largest percentage of establishments (89%) empha-
sized the importance of this strategy, compared with
some 58% that stressed the need to introduce new
products in current markets or current products in
new markets. Only 40% gave a high rating to the strat-
egy of introducing new products in new markets.

Despite the overwhelming emphasis given to exist-
ing markets, new-product development is very im-
portant for some 60% of establishments.” Since new
products often require new technologies and new
processes, we would anticipate considerable demand
for new technologies in the food sector.

'® The role and characteristics of business strategies are discussed in books and articles such as Newton (1996); Noori

(1990); Flood (1993); Juran (1988); and Kane (1996).

" For example, fat and sugar substitutes have led to major “diet” or “light” product categories.
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Table 6A: Importance of Business Strategies
Business Strategies Bakery Cereal Dairy Fish Fruit and Meat Other All
vegetables

percentage of establishments reporting a score of 4 or 5
Markets and Products
Current products in present markets 79 91 94 90 89 89 95 89
New products in present markets 60 57 54 51 50 53 73 58
Current products in new markets 51 51 58 66 69 57 60 58
New products in new markets 36 37 34 46 39 38 43 40
Technology
Using other’s technology 29 49 55 37 49 47 42 43
Improving own technologies 57 66 73 63 n 66 73 67
Creating new technologies 43 41 33 48 36 38 42 41
Accessing R&D facilities 23 22 33 26 26 26 36 27
Production
Using new materials 25 47 27 37 38 33 41 36
Using existing materials more efficiently 68 71 12 73 Al 76 71 74
Increasing line speed 62 69 64 73 74 12 Al 69
Cutting labour costs 73 67 74 74 67 74 A 72
Implementing computer controlled processes 32 56 59 32 46 36 51 44
Using high quality suppliers 65 80 81 70 71 Al 78 74
Reducing energy costs 52 69 65 64 64 66 55 62
Reducing waste disposal costs 51 52 65 50 60 61 58 56
Management Practices
Continuously improving quality 80 90 92 88 85 85 92 87
Strategic alliances 30 33 43 25 31 32 38 33
Innovative organizational structure 28 32 32 27 28 32 43 32
Using information technology 40 48 52 46 46 49 47 47
Human Resources
Continuously training staff 56 70 65 58 54 64 64 62
Innovative compensation packages 18 21 28 22 25 29 25 24
Recruiting skilled employees 44 49 62 37 41 49 45 46

At the industry level, the emphasis on new product
development is relatively similar across industries—
with “other” industries leading the way. Establish-
ments in the bakery, cereal, and “other” industries
place more emphasis on developing new products
than on selling in new markets, while establishments
in the fruit and vegetable, and fish product indus-
tries emphasize new markets over new products.
Dairy and meat establishments stress both equally.

6.1.2 Production strategies

Production strategies also affect the need for new
technologies. A technology strategy focuses on the
implementation of new machines and processes.
Accompanying this are broader production issues—
such as how much emphasis to place on improving
the efficiency of existing inputs, whether to stress
new materials, whether to use high-quality suppli-
ers, how to implement reductions in labour costs, or

the extent to which the engineering department
should focus on increasing line speed.

Of the eight strategies identified in the survey, four
(using high-quality suppliers, using existing materi-
als more efficiently, cutting labour costs and increas-
ing line speed) were rated as very important by about
70% or more of the plants. Using high-quality sup-
pliers could be related to either quality or cost con-
siderations, while the other three are more closely
associated with cost considerations. In addition, strat-
egies to reduce the cost of energy and waste dis-
posal were highly rated by most managers. These
results indicate that cost reduction is a high priority
in the food industry. The emphasis that is placed by
food-processing establishments on the various cost-
reduction production strategies is consistent with
their concern about new competition and competi-
tors and their emphasis on price competition. These
firms worry about the efficient use of inputs—both
materials and labour—as well as about having good
supplier contacts.
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There is little or no difference in the emphasis attrib-
uted to the list of production strategies across indus-
tries. Each of the food-processing industries gives
about the same importance to cutting costs, both with
respect to material use and labour, and to decreas-
ing capital costs by increasing line speed.

6.1.3 Management strategies

Management strategies are concerned with all as-
pects of a plant’s operations. Managers oversee pro-
duction techniques, human resource strategies,
technology strategies and financial requirements. All
these help to define the culture of the organization.
As such, management strategies are both numerous
and diffuse.

Our survey focused on specific strategies in four
areas that are perceived to be related to innovation
and technology use: quality as a product strategy;
the use of information technology that complements
and facilitates advanced technologies on the plant
floor; and two aspects of organizational change—the
use of new organizational structures (such as cross-
functional teams), and the use of strategic alliances.

The emphasis given to quality improvement stands
out above the other management practices. Eighty-
seven percent of all plants rate as very important the
broad strategy of continuously improving quality, a
percentage that is equalled only by the importance
given to maintaining current products in present
markets. This is consistent with the high degree of
importance placed on product quality competition
within the food-processing industry.

The other three management strategies are relatively
specific and contribute to both productivity and qual-
ity improvement. The use of information technology
ranks second behind quality improvement; it was
rated highly by 47% of managers. Fewer managers
considered entering into strategic alliances or joint
ventures, or introducing innovative organizational
structures, to be very important.

The patterns across most of the industries are broadly
the same as the average of the entire sector; the ex-
ception is that the dairy and “other” industries are
consistently above the average, while the bakery in-
dustry is consistently below the average.

6.1.4 Human resource strategies

The adoption of new technologies often affects
the type of employee skills required as well as the
number of employees. Baldwin, Sabourin and
Rafiquzzaman (1996) found skill shortages to be one
of the most important impediments to the adoption
of advanced manufacturing technologies. Baldwin,
Gray and Johnson (1995) reported that firms that had
introduced new advanced technologies in the manu-
facturing sector were more likely to have imple-
mented a training program.

The extent to which firms in the food-processing sec-
tor emphasize the development of their workers can
be gauged by the importance managers give to three
strategies: the continuous training of staff, the intro-
duction of innovative compensation packages and
the acquisition of skilled employees. Of the human
resource strategies cited, managers consider train-
ing to be the most important, followed by the recruit-
ment of skilled employees. The strategy of
continuously training staff is rated as very important
by two-thirds of the plants, while 46% rate the re-
cruitment of skilled employees as very important.

Few consider offering innovative compensation pack-
ages, such as equity shares, to be important. Such
packages (stock options, for example) are used as a
way to give current employees added incentives or
to attract new employees.

The emphasis on training over recruitment partially
reflects a general view of technological change as a
progressive, adaptive process—one in which firms
must develop firm-specific skills to go with the
gradual improvement of their technological capabili-
ties.

The general pattern that emphasizes training over
other strategies is found across all industries. Only
the dairy industry considers recruiting skilled person-
nel to be as important as training.

6.1.5 Technology strategies

A technology strategy is an integral part of the over-
all business strategy of establishments in the food-
processing sector. Technology is directly related to
the kinds of products produced and how they are
produced. It also influences human resource require-
ments. As with the other strategic areas, technology
strategies range from the general to the specific.
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At the most general level, a firm's technology strat-
egy might focus on making incremental improve-
ments by modifying its own technologies or on
adopting brand new technologies. The latter can be
accomplished by buying the technology from others
(for example, by purchasing equipment and plans),
or by creating new technology. If the choice is to cre-
ate new technologies, then they may be developed
by a firm’s research and development (R&D) depart-
ment, or elsewhere in the firm.

The decision to emphasize the upgrading of produc-
tion technology rather than make a radical replace-
ment tends to be based on such considerations as
cost, risk and the need to integrate new improve-
ments with current machinery and equipment.

In general, the largest group of firms focuses on
making incremental improvements; two-thirds con-
sider it important to improve their existing technol-
ogy."? Despite this emphasis on incrementalism, a
good proportion of firms focus their attention on
brand new technologies. Some 41% emphasize the
creation of new technology by themselves; some
43% emphasize the purchase of technology from
others (Table 6A). Industries are similar to one an-
other in the emphasis on incremental improvements.
As for the other technology strategies, the dairy, fruit
and vegetable, meat and cereal industries tend to
place relatively more emphasis on buying technolo-
gies from others than on creating new technologies
themselves. The fish and bakery industries are the
reverse, while the "other” industry ranks them equally
important.

The strategy involving R&D is considered the least
important by firms; only about 27% accord impor-
tance to this option. The fact that this proportion is
lower than for other new technologies is not surpris-
ing. There is evidence to indicate that R&D, although
important to the innovation process, is not essential.
Recent studies (Mowery and Rosenberg 1989;
Baldwin, Hanel and Sabourin 1999) have shown that
production and engineering departments are also
important contributors to innovation. Although im-
portant, R&D is neither a necessary nor a sufficient

condition for innovation (Akerblom et al.1996;
Baldwin 1997).

6.1.6 Relationship of business
strategies to size of
establishment and country
of control

As was the case with the economic environment,
there is little difference among plant-size groups in
the order of importance given to the several busi-
ness strategies (see Appendix Table A6.1).

However, larger firms are more likely to place more
absolute stress on the importance of several of the
technology strategies—improving their own technol-
ogy, and using the technology of others. They are
also more likely to use information technology in
management.

In accordance with their greater emphasis on price
as a corporate strategy, larger firms also give greater
stress to lowering production costs by saving on
labour—although here the differences exist prima-
rily between the largest three classes and the small-
est two classes. They also put relatively greater
emphasis on using quality suppliers than do the
smaller plants.

Larger plants are more likely to be using strategic
alliances and emphasizing changes in organizational
structure. They are more likely to focus attention on
human resource strategies such as recruiting skilled
labour and on upgrading the skills of their labour force
with training programs.

The rankings of business strategies by Canadian- and
foreign-controlled plants are also much the same (see
Appendix Table A6.1). In several cases, including the
use of other firms or organizations to develop new
technologies, improving current technologies, using
information technologies and computer processes,
foreign-controlled plants put more emphasis on a
strategy. To some degree these results would be re-
lated to their larger plant size.

2 Even when technology is purchased from others, it often needs to be adapted to the needs of the purchaser.
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Table 6B: Importance of Technological Strategies by Industry

Technological strategies Bakery Cereal Dairy Fish Fruit and Meat Other All
vegetables
percentage of establishments reporting a score of 4 or 5
Skilled personnel 46 66 65 51 55 61 62 58
Use of advanced technologies 27 39 54 28 47 46 41 40
Research and development 22 43 34 25 48 39 45 36
Product innovation 47 53 54 31 56 50 62 51

6.2 Specific Innovation and

Technology Strategies

Focusing on the broad, general strategies employed
by firms in the food-processing industry allows us to
rank the importance placed on technology, market-
ing, production, management and human resource
strategies. For example, we can ascertain whether
core marketing is considered more important than
innovative marketing, whether incremental or more
radical technological change is emphasized, whether
there is a focus on cost-cutting production strategies,
and finally, if and how it is considered important to
develop a skilled labour force.

The advantage of using broad questions in the sur-
vey is that they allow us to place these issues in a
general context. The disadvantage is that the large
number of options offered respondents (plant man-
agers) might have made it difficult for them to di-
rectly compare the relative importance of each.

Nevertheless, using these broad questions, we can
tentatively rank the importance placed on the most
innovative strategies. The greatest emphasis is placed
on human capital and innovation. Some 62% of firms
stressed training, followed by about 58% that
stressed new products. About 41% indicated that
they concentrated on creating new technologies. The
smallest group of managers (27%) said that a focus
on R&D was important.

This ranking is confirmed by the answers to a more
focused question that asked managers to evaluate
the relative importance of only four key aspects of
an innovation strategy: the use of advanced tech-
nologies; product innovation; the use of skilled per-
sonnel; and the development of a research and
development capability. Plant managers rated the
significance of each of these to their firm on a five-
point scale, ranging from 1 for low importance to 5
for high importance. As do other tables, Table 6B re-
ports the percentage of establishments that scored a
4 or 5 for each of these areas.

These answers confirm the relative rankings pre-
sented above. The use of skilled personnel ranks high-
est, with 58% of food-processing plants indicating it
to be important. This is followed by product innova-
tion at 51%. The use of advanced technologies and
research and development are less important.

There is some variation among industries with re-
spect to the importance placed on these broad tech-
nology strategies. According to the first question, for
example, the use of technologies developed by oth-
ers is considered to be very important by 55% of
plants in the dairy industry, but only 29% in the bak-
ery industry (Table 6A). Similarly, results of the sec-
ond question show that about 50% of plants in the
dairy and fruit and vegetable industries rank the use
of advanced technologies highly, while less than 30%
of plants in the bakery and fish industries do so (Table
6B).

At 62%, the “other” industry places the greatest
emphasis on product innovation—double the rate of
the fish industry. As for R&D, the fruit and vegetable,
as well as the “other” industries rate it highest. The
dairy and cereal industries lead the others in the
emphasis placed on skilled personnel as part of a
technology strategy.

For the dairy industry, the use of advanced technol-
ogy and product innovation are equal in importance—
not far behind skilled personnel. It is also the case
that the dairy industry perceives rapidly changing
production technology to be a more severe problem
than do other industries. As we will discuss later on,
this is in keeping with the importance attributed to
the use of advanced technologies—process technolo-
gies in particular (Table 6B).

The fish industry leads the others in the emphasis it
places on creating new technologies. Establishments
in the bakery and fish products industries are unique
in the relative emphasis that they give to creating
new technologies as opposed to acquiring them from
others. This could mean that fewer off-the-shelf
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advanced technologies suitable to these industries
are available from commercial sources and that those
used tend to be proprietary. The “other” industry
gives these methods equal weight while the rest
prefer to purchase new technologies from others
(Table 6A).

6.2.1 Relationship of specific
innovation and technology
strategies to plant size and
country of control

Given their greater emphasis on business strategies
involving technologies, we would expect that larger
plants would also be more likely to stress each of the
more specific technology strategies. This is the case,
although the difference is primarily between the larg-
est, the three middle sized classes, and smallest size
groups (see Appendix Table A6.2). Large plants once
more also give considerably greater emphasis to the
enhancement of labour skills.

Also consistent with differences reported previously
with respect to business strategies, foreign-controlled
plants give more weight to each of the specific tech-
nology strategies than do Canadiancontrolled plants
(Table A6.2).

6.3 Summary and Conclusions

This section has placed the technology strategies of
food-processing firms in the context of the empha-
sis they place on a range of marketing, production,
management and human resource strategies. The
challenge of intense price and quality competition in
the food-processing sector leads firms to focus not
only on satisfying existing customers but also on
developing new products as part of their marketing
and product strategies. Production strategies support
these marketing strategies by placing emphasis on
increasing productivity or reducing costs. This is ac-
complished by using materials more efficiently, cut-
ting labour costs and increasing line speed.
Management strategies tend to stress continuous
quality improvement and human resource strategies
emphasize the continuous training of staff.

Technology and innovation strategies support these
marketing, production, human resource and manage-
ment strategies. The most important general strat-
egy for improving technological competence is the

incremental improvement of current technologies.
When it comes to implementing new technologies,
plants are just about as likely to obtain them from
others as to create them themselves. A significant
number of the latter group believe that it is impor-
tant to have their own R&D, although other depart-
ments are also likely to be involved in creating new
products and processes. About 40% of plants be-
lieve that the use of advanced technology is very
important, and 50% emphasize product innovation
as part of their technology or innovation strategy.

There are significant differences in the environment
and in the technology strategy pursued by large and
small firms. Large firms perceive that imports and
new competitors offer a greater threat. They place a
greater emphasis on price as a competitive strategy.
They place a greater emphasis on improving their
own technology and acquiring new technologies
from others. They worry more about upgrading the
skill of their labour force. All of this substantiates the
view that larger firms operate in different market seg-
ments than do small firms and use quite different
strategies. In keeping with the view that larger firms
are more likely to operate in more mature stages of
the product life cycle or in markets where economies
of scale are more important, they focus more on price
and they are more likely to use an advanced technol-
ogy strategy to support their overall strategic thrust.

There are notable differences among industries in the
emphasis placed on some of these business strate-
gies. For example, the bakery, cereal and “other” in-
dustries put more emphasis on new products in their
marketing strategies. The dairy industry is unique in
the emphasis it places on hiring skilled employees,
perhaps reflecting the rapid changes in technology
in this industry. The dairy, fruit and vegetable and
meat industries lead the others in the importance that
managers attach to the use of advanced technology,
while the “other” industry accords more emphasis
to having a product innovation strategy.

Although plants of differing sizes and nationalities
do not differ in terms of the ranking of the relative
importance of business and technology strategies,
large plants and foreign-controlled plants are more
likely than others to stress both the more general and
more specific technology strategies. These high-level
and more specific business strategies influence the
business practices of firms and hence their rates of
innovation and use of advanced technologies.
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Appendix — Chapter 6

Table A6.1: Differences in Business Strategies by Size Group and Country of Control

Employment Size Group Nationality

Business strategies
10-19 20-49 50-99 100-249 250+ Canada Foreign

percentage of establishments reporting a score of 4 or 5

Markets and Products

Current products in present markets 89 89 88 90 93 89 92
New products in present markets 53 52 59 69 65 57 70
Current products in new markets 49 55 63 65 65 58 57
New products in new markets 35 33 47 45 43 39 44
Technology

Using other’s technology 40 34 35 56 66 41 58
Improving own technologies 52 66 70 n 84 65 78
Creating new technologies 35 37 51 42 44 41 43
Accessing R&D facilities 21 21 30 30 35 27 29
Production

Using new materials 35 21 42 41 37 34 47
Using existing materials more efficiently 70 69 78 80 79 73 85
Increasing line speed 57 69 81 13 68 68 78
Cutting labour costs 61 69 80 75 82 12 74
Implementing computer controlled processes 34 39 44 50 63 42 58
Using high quality suppliers Al Al 12 71 86 73 87
Reducing energy costs 63 57 66 63 60 61 70
Reducing waste disposal costs 49 53 60 60 66 55 61
Management Practices

Continuously improving quality 86 84 89 91 91 87 95
Strategic alliances 23 30 37 38 44 32 36
Innovative organizational structure 22 29 37 39 47 31 45
Using information technology 34 39 48 58 Al 45 59
Human Resources

Continuously training staff 55 61 62 65 76 60 71
Innovative compensation packages 19 25 23 25 34 24 23
Recruiting skilled employees 41 42 43 54 62 45 58

Table A6.2: Differences in Key Strategies by Size Group and Country of Control

Employment Size Group Nationality

Technological strategies
10-19 20-49 50-99 100 - 249 250+ Canada Foreign

percentage of establishments reporting a score of 4 or 5

Skilled personnel 52 55 54 62 78 57 67
Use of advanced technologies 30 36 41 45 57 38 48
Research and development 27 38 36 40 45 35 46
Product innovation 42 52 50 52 64 49 60
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Chapter 7 - Innovation

Innovative activity is a key determinant of the tech-
nology strategy pursued by firms. Firms that intro-
duce new products and new processes will have a
greater need for the new advanced technologies,
which are the focus of this study.

The innovative activity of firms grows out of their
strategies and practices and directly affects technol-
ogy use. In our previous discussion of broad general
strategies, we noted that the emphasis placed on
product innovation is greater than that placed on
advanced technologies, but that neither was the most
important business strategy. This does not mean in-
novation does not occur in the food-processing sec-
tor, just that core markets are given the greatest
emphasis. In order to provide an overview of the
importance of innovation, this chapter investigates
the intensity of activity in both these areas.

Plant managers were asked to report the number of
major new innovations that had been introduced into
their plant in the past three years. A three-way clas-
sification was used: product-only innovations (those
not requiring process innovation); combined prod-
uct—process innovations (product innovations requir-
ing process innovation); and process-only
innovations (those not associated with product in-
novation). Product innovation is the commercial
adoption of a substantially new or improved good or
service. Process innovation is the adoption of sig-
nificantly improved production methods and may
involve changes in new technologies, production
procedures and/or distribution systems. Process in-
novations may produce new or improved products
or increase the efficiency of the production and de-
livery of existing products.

In the three years preceding the survey, 72% of the
plants in the industry had introduced at least one
major product or process innovation. Food-industry
plants were somewhat more likely to have introduced
at least one product innovation (69%) than a pro-
cess innovation (60%)—though the differences are
not large. There was, of course, considerable over-
lap; about half the plants adopted at least one major
product innovation that did not require a process in-
novation, and about half adopted a product innova-
tion that did require a process innovation. A smaller

but substantial number (36%) introduced a major
process technology not associated with a major prod-
uct innovation (Table 7A).

The “other” industry, which gave the greatest em-
phasis to a new-product marketing strategy and im-
proving technology, is the most likely to have
introduced each type of innovation. In most cases, it
is followed by the fruit and vegetable, and dairy in-
dustries. The bakery industry is one of the leaders in
introducing product innovations; while it is one of
the least likely (along with the cereal industry) to have
introduced any process innovation.

As would be expected, many plants introduced more
than one major innovation during this period. For
example, 31% introduced seven or more product in-
novations and 19% introduced seven or more pro-
cess innovations (Table 7B).

Innovative activity is positively associated with size
of plant, particularly process innovations. Plants with
250 or more employees were three times more likely
than those with 10 to 19 employees to have made a
process innovation not associated with a new prod-
uct, and almost twice as likely to have made a pro-
cess innovation that was associated with a product
innovation. The fact that the size differentials are
greater for process than product innovations supports
the hypothesis of Cohen and Klepper (1996) that size
should matter more where information asymmetries
make it difficult to realize the results of innovative
activities by selling the innovation to others. A firm
faces greater difficulty in realizing the return to a pro-
cess innovation in any way except through own-firm
production since information asymmetries make it
more difficult to license a process than a product.

In all of these categories of innovation, foreign-
controlled plants are more likely than Canadian-
controlled ones to have introduced at least one
innovation. The differences are greater for process
innovations than for product innovations, which par-
tially reflects size differences. These relationships
between the incidence of innovation and size and
nationality of control are consistent with the relation-
ships between technology use and plant size and
control observed below.
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Table 7A: Incidence of Product and Process Innovation in the Last Three Years

Type of Innovation

Establishment Product Combined Process Any Any Any

characteristics Only Product- Only Product Process Innovation
Process Innovation Innovation

(a) (b) (c) (aorb) (b orc) (a,borc)

percentage of establishments

Food Industry 51 53 36 69 60 12

Sub-Industry
Bakery 58 51 20 75 52 75
Cereal 44 39 38 59 54 65
Dairy 58 58 40 74 63 78
Fish 32 51 26 61 59 65
Fruit and vegetables 56 54 41 76 60 71
Meat 47 50 39 61 58 66
Other 64 66 50 81 73 83

Size (employees)

10-19 39 39 21 56 43 58
20-49 52 50 30 12 57 74
50-99 53 53 42 " 64 71
100 - 249 56 62 44 74 70 78
250+ 60 74 60 81 81 84
Control
Canada 50 52 34 68 58 1A
Foreign 59 62 55 75 75 80

Table 7B: Number of Product and Process Innovations Introduced in the Last Three Years

Number of Innovations

Type of innovation None 1 2-3 4-6 7-12 13+ Atleast1

percentage of establishments

(a) Product-only innovation 49 i 14 12 i 10 51

(b) Combined product-process innovation 47 12 20 10 7 3 53

(c) Process-only innovation 64 8 14 1 4 2 36

(d) Any product innovation 31 7 17 14 15 16 69
(aorb)

(e) Any process innovations 40 7 20 15 1 8 60
(borc)

(f) Any innovation (product or process) 28 6 17 13 18 19 12
(a,borc)
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In summary, the majority of firms in the food-
processing industry are innovative. Over the 1995 to
1997 period, almost 72% of plants introduced a prod-
uct or process innovation or a combination of the
two. Despite the relatively lower emphasis given by
food-processing firms to new product introduction,
either as a product strategy or as a marketing strat-
egy (compared with maintaining market share in cur-
rent markets), 69% of plants saw the introduction of
a new product. Moreover, while relatively low em-

phasis is given to the strategy of introducing ad-
vanced technologies compared with product inno-
vation, plants in the food-processing industry are
actually introducing process innovations at a rate that
is only slightly behind the rate at which they intro-
duce product innovations—since so many product
innovations simultaneously involve process innova-
tions. This focus on innovation, particularly process
innovation, is inextricably tied to the use of advanced
technologies.
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Chapter 8 - Business Practices

The business strategies that firms adopt are imple-
mented through specific practices. For example, a
firm’'s decision to emphasize quality may be carried
out through a range of relevant activities—from the
certification of suppliers to the implementation of total
quality management systems. A product innovation
strategy may be implemented with rapid prototyping
or concurrent engineering. A production strategy to
reduce the cost of materials or distribution might fo-
cus on activities ranging from materials requirement
planning to just-in-time inventory control. In this chap-
ter, we examine the emphasis given to practices that
enhance quality, facilitate materials and distribution
management, and contribute to product and process
development. The connection between these prac-
tices and the use of technology will be further devel-
oped in subsequent chapters of the report.

The business practices that are investigated here
serve a firm’s broad goals in a direct manner. Getting
them right can make a difference to a firm’s long-run
success. Gordon and Wiseman (1995) found that the
plants that were most successful in meeting their
operational goals were those that followed through
on their strategic priorities by adopting appropriate
business practices. Other research confirms the criti-
cal nature of business practices in the food-process-
ing sector.”® Jayanthi et al. (1996) estimated the effect
of structural variables such as plant size, and of
infrastructural variables such as business practices,
on plant efficiency scores for a sample of food-
processing plants in the United States. They found
that infrastructural variables had an influence on effi-
ciency.

What are the most appropriate practices for a tech-
nologically advanced plant? Can we isolate a small
set of practices that are essential, or are there nu-
merous prerequisites to success? In a related con-
text, Baldwin and Johnson (1995) found that
innovative small and medium-sized establishments

place more emphasis on a broad range of compe-
tencies—from management, human resources, mar-
keting, financing, government programs and services,
to production efficiencies. We might, therefore, ex-
pect technologically innovative food-processing
plants to also emphasize a broad range of practices
in each of the areas examined here.

This chapter examines the extent to which selected
business practices are being pursued by food-
processing firms, and investigates the way in which
general strategies, such as product management, are
reflected in the business practices that are imple-
mented. The information presented here will set the
scene for the description of technology use that fol-
lows. Some business practices are associated with
the use of specific technologies or with the goals that
specific technologies can be expected to meet. Out-
lining the importance firms give to key business prac-
tices allows us to better understand the forces behind
technology use.

This study covered 24 business practices, which were
divided into three groups: product quality; materials
and distribution management; and product and pro-
cess development. Seven to nine practices were iden-
tified in each group.™

All food-industry plants use at least one of these prac-
tices; many use more than one. Some 86% used four
or more. These activities are relatively widespread.
In keeping with the primary emphasis given to qual-
ity, the percentage of firms that have adopted at least
one business practice, or four or more, is highest for
product quality. Materials and distribution manage-
ment is second, and product and process develop-
ment third. Fifty-seven percent used at least one
practice from each of the three categories. The fol-
lowing sections discuss the use of these practices
by category.

'3 Management practices related to the development, acquisition and use of technology are examined in some detail by
Noori (1990). The use of a number of technological and human resource practices in U.S. agribusiness firms was exam-

ined by Chacko et al. (1997).

* The use of these and other practices are discussed in books and articles such as those by Fallon (1983); Flood (1993);
Juran (1988); Kane (1996); Kennedy (1991); Noori (1990); Noori and Radford (1990); and The Financial Times (1995).
Information on the Internet or World Wide Web also is available from the International Standards Organization, Guelph
Technology Centre and the Food Institute of Canada’s foodnet.
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Table 8A: Adoption of Advanced Business Practices by Industry

Fruit and Meat Other All
Vegetables

Business practices Bakery Cereal Dairy Fish

percentage of establishments
Any Business Practice

At least 1 91 97 98 96 97 92 99 100

4 or more 80 87 95 87 94 78 91 86
Product Quality

At least 1 90 96 98 95 97 89 97 94

4 or more 62 75 86 71 82 68 76 14
Materials and Distribution

Management

At least 1 68 80 74 61 82 66 81 12

4 or more 25 37 44 21 39 28 38 32
Product and Process Development

At least 1 62 61 1A 65 78 62 74 67

4 or more 22 23 27 23 41 23 38 28
At least 1 practice from each group 52 56 61 48 12 49 65 57

8.1 Use by Industry
8.1.1 Product quality and safety

We identified eight practices in the category of prod-
uct quality and safety. Although all eight contribute
to both quality and safety, five are primarily quality-
oriented and three are more safety-oriented. Quality
here refers to product characteristics such as taste,
nutrition, appearance and convenience. While food
quality also includes food safety, safety consider-
ations (such as bacterial levels and chemical contami-
nation) are sufficiently distinct and important that it
is useful to consider them separately. For the food
industry as a whole, 94% of plants use at least one
of the eight practices in this category, and 74% use
four or more (Table 8A).

The quality-oriented practices included continuous
quality improvement, acceptance sampling, certifi-
cation of suppliers and plant-quality certification.
Quality improvement, benchmarking and plant-
quality certification are procedures for improving
performance in all areas. Benchmarking includes
comparing a plant’s standards in a wide range of
areas to an ideal standard or to an industry leader.
Plant-quality certification involves third-party stan-
dards (which are industry specific) and verification.
Examples are the programs of the International Stan-
dards Organization (ISO) and the American Baking
Institute. For continuous quality improvement and
benchmarking, the specific approach followed—
goals, criteria applied, and assessment of progress—
are internal management decisions. As their names
imply, acceptance sampling and the certification of

suppliers focus on product quality (and cost) as re-
lated to the quality of inputs.

Continuous quality improvement (CQl) and accep-
tance sampling are used by three-quarters of all
plants, the second highest rate of all the business
practices identified in this study. Benchmarking is
used by only half of food processing plants. Just 23%
of plants were qualified under ISO or another broad,
plant-level quality certification program (Table 8B).

Food safety is fundamental and is subject to govern-
ment regulations that apply to products, plant, equip-
ment and processes. An alternative to the regular
inspection program is provided to plants qualifying
under the Canadian Food Inspection Agency’s Food
Safety Enhancement Program (FSEP).

FSEP includes the adoption of “prerequisite pro-
grams” (which involve meeting a number of plant-
based hygienic conditions) and the adoption of the
more product-specific Hazard Analysis Critical Con-
trol Points (HACCP) program. The use of HACCP is
also arequirement imposed by some buyers on their
suppliers. Half the plants reported using the FSEP
and 64% said they used the HACCP program. This
would indicate that HACCP is used for more than just
qualifying for FSEPR

Good manufacturing practices (GMP) include inter-
national standards for food hygiene that apply to
buildings, equipment and practices. The prerequisite
program requirements of FSEP are consistent with
GMP Again, some buyers require suppliers to meet
these standards. In fact, 81% of plants reported the
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Table 8B: Use of Product Quality Practices by Industry

Practice Bakery Cereal Dairy Fish  Fruit and Meat Other All
Vegetables
percentage of establishments
Continuous quality improvement (CQl) 74 71 71 75 81 71 80 71
Benchmarking 41 55 60 36 57 37 55 47
Acceptance sampling 68 87 80 75 82 68 80 76
Certification of suppliers 44 52 70 59 65 53 65 57
Good manufacturing practices (GMP) 79 80 92 74 87 76 86 81
Hazard analysis critical control points (HACCP) 34 53 85 87 74 65 63 64
Food safety enhancement program (FSEP) 50 22 75 46 55 60 51 50
Plant quality certification 23 19 23 31 33 14 22 23
Other 3 2 1 14 8 8 10 7

use of GMP, making it the most commonly used of
all the business practices.

For the most part, the percentage of plants using at
least one, or at least four, of these quality and safety
practices (and the other types of business practices
as well) did not differ greatly across industries (Table
8A). With respect to the frequency of adoption of in-
dividual practices, the “other,” fruit and vegetable,
and dairy industries tended to be the leaders, while
the bakery and meat industries tended to be below
average. The largest differences in individual adop-
tion rates were in the use of FSEP and HACCP. For
example, 85% of dairy plants use HACCP compared
with 34% of firms in the bakery industry (Table 8B).

8.1.2 Materials and distribution
management

Materials and distribution management practices
facilitate cost reduction and improved timeliness of
delivery. The seven practices included in this category
are materials requirement planning (MRP), manufac-
turing resource planning (MRPII), process change-
over time reduction, just-in-time inventory control,
electronic work order management, electronic data
interchange and distribution resource planning. They
all involve the automation and integration of materi-
als handling and distribution functions. As such, they
use advanced computer-based systems.

Seventy-two percent of plants use at least one of the
seven practices listed in the questionnaire, and 32%
use four or more (Table 8A). These rates are below
those of the quality-related practices.

Adoption rates for individual practices also tended
to be lower in this category than in the product qual-
ity category. The most commonly used practices, at
about 50%, were just-in-time inventory control and
materials requirement planning. Electronic work
order management and distribution resource man-
agement were the least used at about 20% each
(Table 8C).

There are only minor differences in adoption rates
among the individual industries. Exceptions include
the low adoption rates for electronic work-order man-
agement and electronic data interchange in the fish
industry. The “other,” fruit and vegetable, and dairy
industries are again among the leading industries in
intensity and frequency of adoption.

8.1.3 Product and process
development

The nine product and process development practices
measured here are designed to increase the speed,
efficiency and effectiveness of product and process
development. Some of these practices are technol-
ogy-based, such as computer-aided design (CAD),
and process simulation. While the other practices
may also use advanced technologies, they tend to
be more procedure-oriented. For example, rapid
prototyping and concurrent engineering focus on
speeding up the development process and quality
function deployment. Continuous improvement and
process-value analysis focus on quality improvement.
Process benchmarking is a means of identifying op-
portunities for improvement. Cross-functional design
teams represent an organizational change designed
to facilitate the overall development process.™

> Some of these practices (e.g., CAD) are used both for plant layout/design as well as for new products and processes.
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Table 8C: Use of Materials and Distribution Management Practices by Industry

Practice Bakery Cereal Dairy Fish Fruit and Meat Other All
Vegetables
percentage of establishments

Materials requirement planning (MRP) 43 59 52 45 47 44 52 49
Manufacturing resource planning (MRPII) 30 36 37 30 38 30 36 33
Process changeover time reduction 32 41 51 33 47 28 47 39
Just-in-time inventory control 52 53 56 39 64 49 55 52
Electronic work order management 15 34 21 i 24 16 28 20
Electronic data interchange 21 33 41 10 41 29 36 29
Distribution resource planning 17 27 30 13 23 20 22 21
Other 1 1 3 - 3 - 1 1
Table 8D: Use of Product and Process Development Practices by Industry

Practice Bakery Cereal Dairy Fish Fruit and Meat Other All

Vegetables
percentage of establishments

Rapid prototyping 15 6 14 8 21 6 25 13
Quality function deployment 20 21 30 26 32 26 32 26
Cross-functional design teams 18 16 20 9 21 13 27 18
Concurrent engineering 13 10 16 12 23 13 24 16
Computer-aided design (CAD) 16 17 23 18 25 14 18 18
Continuous improvement 55 55 59 61 A 53 65 59
Process benchmarking 31 30 40 27 46 29 40 34
Process simulation " " 25 " 30 12 23 16
Process value-added analysis 18 22 24 28 32 29 26 25
Other 1 2 1 1 1 3 - 1

Two-thirds of all plants use at least one of these nine
product and process practices, and 28% used four
or more (Table 8A). However, they are less likely to
be used alone than the other practices (Table 8D).

Given its high ranking among product quality prac-
tices, it is not surprising that continuous improve-
ment is the practice most often applied to technology
development; it is used by 59% of all plants. Process
benchmarking is the second most popular practice
at 34%, followed by quality function deployment and
process value-added analysis, both of which are used
by about a quarter of all plants. The practices that
are most closely associated with advanced technol-
ogy use are the least commonly employed—rapid
prototyping, computer-aided design, process simu-
lation and concurrent engineering.

Compared with the other two categories of business
practices, there is somewhat more variation in the
adoption rates of product and process development
practices within industries and across industries. The
fruit and vegetable, and “other” industries are again
above average in their adoption rate. Dairy tends to

reflect the industry average, while the cereal, bak-
ery, meat and fish industries tend to be below aver-
age in their use of these practices.

8.2 Relationship to Plant Size
Larger plants are much more likely to use at least
one practice from each of the three categories of
business practices than are the smaller plants. In
particular, 80% of plants with 250 or more employ-
ees use at least one practice from each group, com-
pared with 35% of those with 10 to 19 employees.
The percentages for the 20-to-49, 50-t0-99, and 100-
t0-249 employee-size groups are 51%, 58% and 64 %,
respectively.

The most frequently used practices in each of the
three categories are the same for all size groups. How-
ever, the frequency of use of almost all the practices
is strongly related to plant size. This is especially true
for the largest and smallest size groups, and between
them and their respective adjoining size group. The
rate at which use increases with plant size varies
appreciably by practice. The relationship between
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Table 8E: Use of Business Practices by Size Group

Employment size group

Practice

10 -19 20-49 50-99 100 - 249 250+ All

percentage of establishments

Product Quality Practices
Continuous quality improvement (CQl) 70 76 76 81 89 77
Benchmarking 38 43 43 52 79 47
Acceptance sampling 13 73 71 80 87 76
Certification of suppliers 45 51 61 67 71 57
Good manufacturing practices (GMP) 76 78 80 86 92 81
Hazard analysis critical control points (HACCP) 40 60 69 78 93 64
Food safety enhancement program (FSEP) 38 49 52 54 69 50
Plant quality certification 15 15 29 33 32 23
Other 4 7 1 6 15 1
Materials and Distribution Management Practices
Materials requirement planning (MRP) 32 49 50 55 73 49
Manufacturing resource planning (MRPII) 20 32 37 36 55 33
Process changeover time reduction 23 35 48 45 58 39
Just-in-time inventory control 43 51 57 55 59 52
Electronic work order management 13 16 20 26 39 20
Electronic data interchange 12 18 31 40 70 29
Distribution resource planning 9 18 24 21 50 21
Other 1 - - 3 - 1
Product and Process Development Practices
Rapid prototyping 5 13 17 15 24 13
Quality function deployment 13 24 30 32 46 26
Cross-functional design teams 7 12 21 23 44 18
Concurrent engineering 6 " 15 21 38 16
Computer-aided design (CAD) 6 1 18 22 56 18
Continuous improvement 43 57 58 69 85 59
Process benchmarking 25 25 37 37 66 34
Process simulation 10 14 17 20 28 16
Process value-added analysis 14 23 26 29 50 25
Other 3 1 - 1 2 1

adoption rates and size appears to be somewhat
stronger for materials and distribution management
practices and for product and process development
practices than for product quality practices (Table 8E).

Within groups, differences exist in the degree to
which incidence is related to size. In some cases,
there is a relatively small difference between small
and large (for example, continuous quality improve-
ment and acceptance sampling); in others, the dif-
ference is large (for example, hazard analysis and
benchmarking).

In some cases, large size-class differences are asso-
ciated with a high incidence of use by large plants.
These, then, are practices that large plants have
learned to master, which suggests that the practices

are relatively mature. The fact that small plants have
not yet put them into practice indicates that some
other factor, such as applicability or cost, lies behind
these differences. Examples of practices that fall into
this category are hazard analysis and electronic data
interchange.

In other cases, although differences across size
classes are large, incidence of use by even large
plants is not high. These are situations where even
large firms have not yet learned to apply the prac-
tices, which may mean that the practices are rela-
tively new and not yet mature. This applies to
electronic work order management and distribution
resource planning.
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8.3 Differences by Country of
Control

Foreign-controlled plants are more likely to adopt
these advanced business practices than are Cana-
dian-controlled plants. Eighty percent of foreign-
controlled plants use at least one practice from
each of the three categories, compared with 50% of
Canadian-controlled plants.

The greater use of these practices by foreign-con-
trolled firms applies to all practices except FSEP. For
cross-functional design teams, computer-aided de-
sign, distribution resource planning and electronic
data interchange, use by foreign-controlled plants is
at least twice as high as by Canadian-controlled
plants. In some other cases, the difference is much
smaller; as is the case for good manufacturing prac-
tices, continuous quality improvement, acceptance
sampling, and process value-added analysis (Table
8F). The practices with the largest differentials are
among those whose incidence of use is most closely
related to size, while those with the smallest differ-
entials are less closely related to size.

8.4 Summary and Conclusions

The implementation of broad business objectives
involves the adoption of appropriate business prac-
tices. This study investigates the use of practices in
the areas of product quality, materials and distribu-
tion management, and product and process devel-
opment. Over half of all plants in the food-processing
industry use at least one practice from each of these
three areas.

The incidence of use of these practices is related to
the industry’s strategic priorities. Practices that are
aimed at enhancing product quality (which includes
food safety) are used the most frequently. The sec-
ond highest level of use is in the materials and distri-
bution management area, which contributes to
productivity and improves a firm's ability to respond
to customer needs. Product and process develop-
ment practices rank third in use. Consistent with the
emphasis that is given to the strategy of incremental
improvement of technology, the most common prac-
tice in the product and process development area is
that of continuous improvement.

The incidence of practices varies across industries.
The fruit and vegetable, “other” and dairy industries
tend to be the leading users of all three types of busi-
ness practices. On the other hand, the bakery and
meat industries tend to be below average.

Table 8F: Use of Business Practices by Country of Control

Country of Control

Practice

Canada Foreign All

percentage of establishments
Product quality practices

Continuous quality improvement 76 86 71
Benchmarking 45 65 47
Acceptance sampling 75 89 76
Certification of suppliers 54 80 57
Good manufacturing practices 80 91 81
Hazard analysis critical control

points 62 78 64
Food safety enhancement program 50 48 50
Plant quality certification 21 38 23
Other 7 9 1

Materials and distribution
management practices

Materials requirement planning 47 64 49
Manufacturing resource planning 32 46 33
Process changeover time reduction 35 66 39
Just-in-time inventory control 51 60 52
Electronic work order management 19 33 20
Electronic data interchange 26 55 29
Distribution resource planning 19 39 21
Other 1 2 1
Product and process development
techniques

Rapid prototyping 13 19 13
Quality function deployment 26 32 26
Cross-functional design teams 15 39 18
Concurrent engineering 14 21 16
Computer-aided design 16 32 18
Continuos improvement 57 79 59
Process benchmarking 31 55 34
Process simulation 15 27 16
Process value-added analysis 25 32 25
Other 1 1 1

The incidence of use of most practices is strongly
related to plant size. Although the three leading
practices are the same for all size groups, the level of
use and the strength of the use-to-size relationship
differ appreciably among the practices. In those cases
where the difference is large, the reasons could in-
clude the age, applicability and cost of the practice.
The relationship to size is somewhat weaker for the
product quality practices than the other two sets,
which reflects the importance of quality in the busi-
ness strategies of all firms.

Foreign-controlled plants are much more likely to use
these advanced practices than are Canadian-
controlled plants. The largest differences in use here
are associated with those practices most strongly
related to the size of plant.
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Chapter 9 - Advanced Technologies

The process innovations and the business practices
described in the previous two chapters require new
technologies and techniques in order to meet strate-
gic objectives related to product quality enhancement
and cost reduction. This chapter examines the na-
ture of the technologies that have been incorporated
into food processing. For the purposes of this study,
nine functional areas were investigated: processing,
process control, quality control, inventory and distri-
bution, management and information systems and
communications, materials preparation and handling,
pre-processing activities, packaging, and design and
engineering.

This chapter is divided into two main sections. The
first describes the advanced technologies examined
in this study and their rates of adoption. A brief over-
view of the use of advanced technologies is followed
by a more detailed discussion of the individual tech-
nologies and their use, grouped by functional area,
both overall and at individual industry levels. Suc-
ceeding sections relate technology use to size of
plant, country of control and stage of processing, re-
spectively. The second section employs multivariate
statistical analysis to examine the separate effects of
these and other plant characteristics on technology
use.

The use of advanced technologies is measured in
terms of incidence, intensity and comprehensiveness.

Incidence is used to describe whether an establish-
ment employs a particular technology. It is also ap-
plied to a group of technologies (for example, those
from a specific functional area) where it refers to the
use of at least one of the technologies from the col-
lection of technologies being studied. It does not in-
dicate the number of technologies being used.

Intensity is used here to describe how many ad-
vanced technologies overall are being used within
an establishment. It is also used to indicate the num-
ber of technologies from a functional technology
group that are being used. The greater the number
of technologies used, the greater the intensity of use.

Comprehensiveness is used to describe the extent
to which a plant uses advanced technologies from
more than one functional area.

9.1 Adoption Rates

9.1.1 Overview of adoption rates by

industry

The incidence of advanced technology use is high in
the food industry with 88% of establishments using
at least one of the 61 advanced technologies identi-
fied in the survey questionnaire. The incidence of use
ranges from 82% in the fish products industry to 95%
in the “other” food products industry (Table 9A).

There is considerable variation in the intensity of use.
While 88% use at least one technology, 54% use
more than five technologies, 29% use more than 10,
and only 7% use more than 20. There were substan-
tial differences in intensity of use among the indus-
tries. In particular, about 21% of the plants in the dairy
industry use more than 20 new technologies, com-
pared with the food industry average of 7%. Also, a
third of the plants in the fruit and vegetable and
“other” industries use 11 to 20 technologies, well
above the food-industry average of 22%. On the other
hand, the bakery and fish industries tend to use rela-
tively few of the technologies identified in this study.
Fifty-two percent of the bakery industry’s plants re-
ported using only one to five technologies compared
with the food industry average of 34%.

9.1.2 Use by functional area and

individual technology

The adoption rates of new technologies should de-
pend upon company objectives and the availability
of new technologies that are better able to meet plant
needs than existing technologies. This section dis-
cusses technology use in the context of a plant’s func-
tions and, in broad terms, the contribution of each
technology to plant operations. Differences by indus-
try are included in this section and then summarized
in the multivariate analysis section. Relationships to
plant size, control, stage of processing and business
strategies are discussed in succeeding sections.

An overview of the incidence of advanced technol-
ogy use by each of nine functional areas is provided
in Table 9B. Plants are most likely to use at least one
technology from the processing and communications
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Table 9A: Number of Advanced Technologies Used by Industry

Number of advanced technologies

Industry None -5 6-10 11-20 20+ At Least 1
percentage of establishments

Bakery 17 52 17 12 2 83
Cereal 13 37 26 20 87
Dairy 5 28 24 22 21 95
Fish 18 31 31 17 82
Fruit and Vegetables 7 32 18 33 10 93
Meat 16 23 33 21 6 84
Other 5 34 23 31 7 95
All 12 34 25 22 7 88
Table 9B: Technology Use? by Functional Area by Industry

Functional area Bakery Cereal Dairy Fish Fruit and Meat Other All

Vegetables
percentage of establishments

Processing 50 44 17 70 73 67 61 62
Process control 46 58 71 40 67 54 63 56
Quality control 22 41 69 46 44 44 52 44
Inventory and distribution 31 28 36 32 39 52 49 39
Management systems/communications 54 n 67 50 64 55 75 62
Materials preparation and handling 27 43 33 26 34 26 31 31
Pre-processing 13 42 55 36 39 38 38 36
Packaging 38 32 67 43 59 56 65 51
Design and engineering " 22 23 15 26 22 23 20

2 Percentage of establishments using at least one technology in a functional group.

groups. Sixty-two percent use at least one technol-
ogy from each of these areas followed by process
control (56%) and packaging (51%). The incidence
of use is lower for materials preparation and han-
dling, and design and engineering.

Individual industries differ somewhat in the incidence
of use of advanced technologies by functional area.
For example, the fruit and vegetable, dairy and
“other” industries are average or above for all areas.
On the other hand, the bakery industry is below the
food-industry average for virtually all functional
groups, and the fish industry is below average for
slightly more than half (Table 9B). These findings
confirm the previous result that was based on the
use of any one advanced technology.

With respect to comprehensiveness of use, most
plants use advanced technologies from a number of
different functional areas (Table 9C). Some 88% use
technologies from at least one functional area, while
only 18% use advanced technologies from seven or
more of the nine areas. Sixty percent use at least
one technology from some combination of two

to six functional areas. Like the other measures of
technology use, comprehensiveness of use varies
substantially across industries. For example, 26% of
plants in the “other” and 31% of plants in the dairy
industry use advanced technologies from seven or
more functional areas, while only 11% of fish plants
and 6% of bakery plants do so.

The effectiveness of new technologies is partly re-
lated to the way they are combined with other new
(and existing) technologies. For example, 52% of
plants use at least one advanced technology in four
or more functional areas (Table 9C). Nineteen per-
cent use at least one technology in each of the four
“online” production activities of pre-processing, pro-
cessing, process control and packaging, while 13%
use this combination along with a local area network
(LAN). Also, 15% use at least one technology in both
of the functional areas associated with moving and
storing inputs and products—materials preparation
and handling, and inventory and distribution—10%
with a LAN. Six percent use advanced technologies
in both the production and “logistical” areas as well
as a local area network.
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Table 9C: Adoption of Advanced Technologies by Number of Functional Areas by Industry

Number of functional areas Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments
All 9 areas 1 4 12 - 3 8 2 4
8 or more 5 8 20 5 9 15 13 1
7 or more 6 14 31 11 20 21 26 18
6 or more 14 25 49 21 41 28 34 28
5 or more 20 35 56 33 53 46 46 40
4 or more 31 51 66 45 59 59 59 52
3 or more 49 63 82 63 12 69 79 67
2 or more 69 75 87 70 84 71 89 78
1 or more 83 87 95 82 93 84 95 88

9.1.2.1 Processing

Processing is central to all activities in a plant. It in-
volves transforming ingredients into food products
that are attractive with respect to nutritional content,
flavour, texture, appearance, convenience and shelf
life. Just as importantly, the processing technique
must yield a product that is safe to eat and competi-
tively priced. New processing technologies attempt
to meet and balance these multiple goals.

Twenty advanced processing technologies were iden-
tified in the survey questionnaire. These were
grouped into five functional sub-areas: thermal pres-
ervation; non-thermal preservation; separation, con-
centration, and water removal; additives and
ingredients; and “other” processing technologies.

Sixty-two percent of establishments use at least one
of the 20 advanced technologies in this functional
area. The incidence of use is highest in the dairy, fruit
and vegetable and fish industries, where 77%, 73%
and 70% of establishments use at least one advanced
processing technology, respectively. The meat indus-
try is not far behind at 67%, while the “other” indus-
try is average. The bakery and cereal industries are
relatively light users of the advanced processing tech-
nologies identified in this study, with 50% and 44%
of establishments using at least one of these tech-
nologies, respectively (Table 9D).

These industry differences in incidence of use could
be caused by several factors. One factor is differences
in the applicability of these technologies—process-
ing technologies such as deep-chilling and bio-
ingredients are applicable to a limited number of
product lines. This factor would also explain some
of the differences in the incidence of use by process-
ing sub-area and individual technology.

Among the functional sub-areas, the non-thermal
preservation group has the highest incidence of use.
The characteristics and adoption rates of advanced
technologies by sub-group are as follows.

Thermal preservation. These technologies use heat
to transform, sterilize or pasteurize food products.
New thermal technologies have advantages over tra-
ditional methods such as lower or shorter-time pro-
cessing temperatures that improve product quality
(such as taste, texture, and appearance). They also
allow packaging better tailored to buyer needs.

Five advanced technologies were identified in this
sub-area. Aseptic processing or packaging involves
putting a sterile product into a sterile package that is
hermetically sealed—all of which is done in a sterile
environment. Retortable flexible packages use poly-
meric film laminates in a flat pouch design that al-
lows products to be sterilized in a flexible, convenient
package. The other three thermal technologies are
infra-red, ohmic and microwave (or other high fre-
quency) heating. Infra-red heating uses radiant en-
ergy to heat surfaces, ohmic heating involves passing
an electric current through the product, and micro-
wave heating uses microwave ovens.

Twenty-six percent of food-industry plants use at least
one of these advanced thermal-processing technolo-
gies. Aseptic processing or packaging is used by 14%
of firms and retortable flexible packages are used by
9%. Five percent or less use infra-red, ohmic, micro-
wave or other advanced heating methods.

The dairy and fruit and vegetable industries are the
major users of these thermal technologies. In both
industries, 41% use at least one, and aseptic pro-
cessing is used by roughly one-third. Advanced ther-
mal technologies are used by few plants in the cereal
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Table 9D: Incidence of Use of Advanced Processing Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments

PROCESSING 50 44 71 70 73 67 61 62
1. Thermal Preservation 17 " 41 21 4 31 29 26
a) aseptic processing 7 1 35 " 30 18 12 14
b) retortable flexible packages 6 - 10 8 13 12 13 9
c) infra-red heating 1 3 8 1 3 1 3 3
d) ohmic heating - 1 - 1 3 1 - 1
e) microwave heating 6 1 5 3 4 3 6 4
f) other 4 4 6 4 7 6 5 5
2. Non-thermal Preservation 32 16 34 65 54 52 26 39
a) chemical antimicrobials 8 9 19 13 32 21 17 16
b) ultrasonic techniques 1 - - - - 4 4 2
c) high pressure sterilization 2 8 15 16 13 10 4 9
d) deep chilling 27 1 19 51 24 40 " 25
e) other 1 — 1 8 8 2 2 3
3. Separation, Concentration

and Water Removal 12 19 49 31 38 35 35 30
a) membrane process - 1 21 5 13 3 5 5
b) filter technologies 4 1 23 12 22 17 21 15
c) centrifugation - 2 40 8 12 6 13 10
d) ion exchange 1 6 1 8 1 4 3
e) vacuum microwave drying - - - 5 1 2 - 1
f) water activity control 10 12 14 23 20 21 14 16
g) other - 2 1 2 - 2 1 1
4. Additives and Ingredients 17 28 50 9 " 17 14 19
a) bio-ingredients 15 28 33 6 10 9 8 14
b) microbial cells 4 6 29 2 3 9 6 8
c) other — 1 4 4 - 2 3 2
5. Other - 1 6 2 2 3 2 2
a) electrotechnologies - 1 5 2 2 2 - 1
b) microencapsulation - - 1 - - 1 2 1
c) other - - 1 1 - 1 - 1

and bakery industries, where more traditional meth-
ods are effective in meeting product requirements.

Non-thermal preservation. Where applicable, these
technologies make food safe to eat and extend shelf
life while avoiding undesirable effects on product
quality caused by thermal processing methods. In
some cases, they may be used in combination with
other preservation technologies.

Four technologies or groups of technologies were
identified in this sub-area: chemical antimicrobials,
ultrasonic techniques, high-pressure sterilization and
deep-chilling techniques. Chemical antimicrobials
occur naturally or are added during processing to
prevent or interfere with microbial growth. Ultrasonic
technigues employ an ultrasonic power field to physi-
cally disrupt or transform globular proteins. High-

pressure sterilization uses extremely high hydrostatic
pressure to sterilize or pasteurize certain food prod-
ucts. Deep chilling is the process by which food prod-
ucts such as meat and fish are cooled to just above
their freezing point.

As a group, these are the most commonly used ad-
vanced processing technologies, with 39% of plants
using at least one. By far, the most widely used are
deep chilling (25%) and chemical antimicrobials
(16%). Very few plants use ultrasonic techniques.

About half the plants in the fish industry and 40% of
meat plants use deep chilling. The fruit and vegetable
industry is the largest user of chemical antimicrobi-
als (32%). Not surprisingly, the cereal industry is the
least likely to use these non-thermal preservation
methods.
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Separation, concentration and water removal. A
common requirement in food processing is the sepa-
ration and/or concentration of the constituent com-
ponents of raw products, including the removal or
neutralization of their water content. The six tech-
nologies identified in this functional area are ad-
vanced membrane processes, filter technologies,
centrifugation, ion exchange, vacuum microwave
drying and water activity control.

New membrane processes use advanced mem-
branes and processes that are pressure-activated to
separate or concentrate substances without a phase
change (liquid to solid). Filter technologies such as
tangential filtration and ultrafiltration are used to frac-
tionate, separate or concentrate substances without
a phase change and they also rely on advanced mem-
brane technology. Centrifugation accomplishes these
same results, using high-speed centrifuges (such as
ultracentrifugation). /on exchange replaces chemicals
in fluids (for example, nitrates in wastewater) with
other ions. Vacuum microwave drying removes wa-
ter from products such as potatoes and fruit, while
maintaining quality. Water activity control is a pro-
cess for neutralizing rather than removing the water
content of a product.

Thirty percent of food-industry plants use at least one
of these technologies. The most commonly used are
water activity control (at 16% of plants) and filter tech-
nologies (15%). Centrifugation and membrane pro-
cesses are employed by 10% and 5% of all plants,
respectively. Very few use ion exchange or vacuum
microwave drying.

The industry with the highest incidence of usage of
these technologies is the dairy sector where 49% of
plants use at least one; 40% use centrifugation, and
about 22% use filter technologies and/or membrane
processes. Only the bakery and cereal industries, with
incidence rates of 12% and 19%, respectively, are
below the overall industry average of 30%. Water
activity control is the most uniformly used across
industries, and is the most important one in several
of them. Significant numbers of plants in most in-
dustries also use filter technologies.

Additives or ingredients. A range of additives and
ingredients are used to enhance the flavour, colour
and aroma of processed foods. New technologies
include bio-ingredients that have been modified (for
example, restructured or immobilized enzymes) to
avoid or control undesirable effects, and microbial

cells, a natural form of immobilized enzymes with
desirable properties.

Nineteen percent of all plants use at least one of these
technologies, with 14% using bio-ingredients, 8%
microbial cells, and 2% some other kind.

The dairy industry is the leading user of these tech-
nologies; 50% use at least one, with 33% using bio-
ingredients and 29% microbial cells. The large
difference between the percentage of firms using at
least one and the percentage using each of the two
individual technologies indicates that relatively few
use both. This is a common result for these tech-
nologies across industries. The cereal industry is also
above average, with 28% using at least one technol-
ogy, mainly bio-ingredients. Plants in the fish and fruit
and vegetables industries are the least likely to use
these additives or ingredients.

Other processing technologies. The “other” group
is comprised of electrotechnologies and microencap-
sulation.'® E/ectrotechnologies use electricity to con-
trol acidity and oxidation, and inactivate harmful
bacteria, yeasts and moulds. Microencapsulation im-
mobilizes enzymes, cells or other molecular species
by covering them with an extremely thin coating. Only
2% of food-industry plants use at least one of these
technologies.

9.1.2.2 Process control

Accurate and timely control of all aspects of the pro-
cessing activity (such as temperature and pressure)
is essential to ensure product quality, safety and effi-
cient operation. While advanced devices used in pro-
cess control, such as vision systems, can use a range
of technologies, they often use computers and are
connected to a computerized information or control
system. Such control technologies are a key element
of process automation.

Six process control technologies were included in
the survey. Automated sensor-based equipment in-
corporates technologies capable of measuring a va-
riety of food properties (such as colour, moisture and
weight) of incoming or in-process products. Auto-
mated statistical process control compares real-time
process data against statistical performance stan-
dards. Machine vision uses image-processing meth-
ods to identify a digital image of an object to
determine whether any control action should be
taken. This allows for the online inspection of every

'¢ Irradiation was included in this group on the questionnaire but is not reported here because the responses were found

to be inaccurate during post-production testing.
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Table 9E: Incidence of Use of Advanced Process Control Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments

PROCESS CONTROL 46 58 71 40 67 54 63 56
a) automated sensor-based

equipment for inspection/testing 17 19 31 16 31 19 28 22
b) automated statistical process

control 1 12 21 12 19 12 13 14
¢) machine vision 6 10 10 9 27 5 8 9
d) bar coding " 9 23 17 25 30 18 19
e) programmable logic controllers 29 37 62 12 49 29 49 36
f) computerized process control 22 46 56 19 35 24 31 32
g) other 3 3 1 1 2 3 1 2

item. Bar-coding is used to identify ingredients be-
ing handled on the processing line and can be part
of the automation process. Programmable logic con-
trollers are solid-state industrial control mechanisms
that are used as switching devices. In computerized
process control/, computers are used to continually
monitor and adjust parts of the production process
in order to maintain overall performance standards.

With 56% of plants using at least one of these tech-
nologies, process control ranks third among the nine
functional areas. Programmable logic controllers and
computerized process control are each used by
roughly one-third of the plants in the industry, while
22% use automated sensor-based equipment, and
19% use bar-coding. The least used of this group are
automated statistical process control and machine
vision—at 14% and 9%, respectively (Table 9E).

The leading users of process-control technologies are
the dairy, fruit and vegetables, and “other” industries
with 77%, 67% and 63% of establishments, respec-
tively, using at least one of them. These three indus-
tries are particularly strong users of programmable
logic controllers and automated sensor-based equip-
ment. The dairy and cereal industries are leaders in
the use of computerized process control, with 56%
and 46% of establishments using it, respectively.

Advanced process-control technologies are least
commonly used in the fish and bakery industries, but
even so, 40% of plants in the fish industry and 46%
in the bakery industry use at least one of them.

9.1.2.3 Quality control

Quality control in a food-processing plant ensures
that final products meet expectations with respect
to quality characteristics such as flavour, texture
and appearance. These are characteristics that are

difficult to measure because of their subjective na-
ture. Quality control is also the functional area re-
sponsible for meeting firm and regulatory food safety
standards with respect to microbial and chemical con-
tamination. Quality control involves testing for these
several product characteristics. It also extends to es-
tablishing specifications for and testing raw materi-
als or ingredients, instructing and supervising
employees on quality-related matters, and record
keeping.

Three types of quality control techniques are pro-
cess testing, laboratory testing and simulation.

Process testing. Of the six advanced technologies
identified, four are process or product-testing tech-
nologies—chromatography, monoclonal antibodies,
DNA probes, and rapid-testing techniques. The other
two are automated laboratory testing and mathemati-
cal modelling of quality or safety. Chromatography
involves separating mixtures into their constituent
elements; monoclonal antibodies is a process that
refers to the production of a homogenous popula-
tion of antibodies;, DNA probes are used to identify
specific organisms; while rapid-testing techniques
are relatively quick and simple microbiological and
chemical tests.

Laboratory testing. Automated laboratory testing
refers to the automation of functions performed in
the laboratory.

Simulation. Mathematical modelling of quality or
safety is the use of simulation techniques to identify
the possible quality and safety implications of pro-
posed new processes.

Forty-four percent of all plants use at least one ad-
vanced quality control technology. Twenty-nine per-
cent use at least one process-testing technology, with
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Table 9F: Incidence of Use of Advanced Quality Control Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments

QUALITY CONTROL 22 41 69 46 44 44 52 44
1. Process Testing 14 20 63 18 32 31 37 29
a) chromatography 2 6 9 - 6 4 12 6
b) monoclonal antibodies - 1 9 2 6 4 3 3
c) DNA probes 1 1 2 1 2 1 - 1
d) rapid testing techniques 10 18 56 14 26 26 30 24
e) other 3 - 2 3 3 3 5 3
2. laboratory Testing " 29 34 26 21 25 28 25
a) automated 4 14 25 8 10 14 18 13
b) other 7 18 10 20 14 15 13 14
3. Simulation 6 7 9 12 12 5 5 7
a) mathematical modelling of

quality or safety 5 6 8 " 12 5 5 7
b) other 1 1 1 1 - - - 1

rapid-testing techniques (24% of plants) being by far
the most commonly used. Twenty-five percent use
an advanced laboratory technology. Only 7% of es-
tablishments use mathematical simulation methods
(Table 9F).

The highest incidence of use of advanced quality
control technologies is by the dairy industry (69%),
followed by the “other” food products industry (52%).
Only 22% of bakery plants use at least one. Despite
this difference in the percentage of plants using at
least one, the relative incidence of use of individual
technologies was much the same across industries.
The exceptions are relatively greater use of chroma-
tography by the “other” industry (12%), of mono-
clonal antibodies (9%) and automated laboratory
testing (25%) by the dairy industry, and of other labo-
ratory testing methods by the fish and cereal indus-
tries (20% and 18%, respectively).

9.1.2.4 Inventory and distribution

Advanced inventory and distribution technologies are
associated with the automation of these functions.
Bar-coding, now a familiar sight on retail packages,
provides for electronic identification and is used to
locate and monitor inventories of inputs and outputs.
Automated product handling is an automated stor-
age and retrieval system based on the use of radio
frequencies.

At least one of these technologies is used by 39% of
food-industry plants; 34% use bar-coding and 11%
report an automated product handling system. Bar-
coding is most commonly used by the meat and

“other” industries, but is little used in the cereal in-
dustry. On the other hand, the cereal industry, along
with the fruit and vegetable industry, is a leading user
of automated product handling (Table 9G).

9.1.2.5 Management and
information systems and
communications

New information technologies have revolutionized
management information and communications sys-
tems. They allow instantaneous access to detailed
information. Local area networks (LANs) connect
computers within establishments. They allow the
exchange of data between management, the factory
floor and different departments. Wide area networks
(WANSs) connect computers located in different plants
and offices of the same firm. Inter-company computer
networks connect establishments to subcontractors,
suppliers and customers. The Internet or World Wide
Web can be used for marketing and promotional ac-
tivities, or for facilitating plant operations such as
procurement, point-of-sale data, research, and hir-

ing.

Sixty-two percent of food-industry plants employ at
least one of these five information technologies. The
most common are local area networks (used by 43%
of plants) and inter-company computer networks
(used by 37%), which indicates their importance as
management tools. The least commonly used, at
20%, are wide area networks. Considering that most
firms in the industry have a single establishment, this
latter result is not surprising (Table 9H).
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Table 9G: Incidence of Use of Advanced Inventory and Distribution Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables

percentage of establishments
INVENTORY AND DISTRIBUTION 31 28 36 32 39 52 49 39
a) bar coding 28 16 32 28 35 48 43 34
b) automated product handling 6 15 " 7 17 10 12 "
c) other 0 1 3 3 2 2 3 2
Table 9H: Incidence of Use of Advanced Management Systems and Communications Technology by Industry
Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total

Vegetables

percentage of establishments

MANAGEMENT AND INFORMATION
SYSTEMS AND COMMUNICATIONS 54 " 67 50 64 55 75 62

a) local area network 36 51 45 27 51 38 55 43
b) wide area network 19 20 30 1 23 15 29 20
c) inter-company computer networks 30 44 49 28 38 36 40 37
d) Internet-marketing and promotion 19 29 23 29 26 21 35 21
e) Internet—other 13 31 25 30 23 19 42 27
f) other 1 4 - 1 3 2 1 1

At the industry level, the “other” and cereal indus-
tries are the greatest users, with 75% and 71% of
plants, respectively, using at least one of the ad-
vanced technologies in this area. Compared with the
food industry as a whole, these two industries are
average or above average in the use of all informa-
tion technologies. Along with the fruit and vegetable
industry, they are the leading users of local area net-
works. While only 50% of fish industry plants use at
least one of the information technologies, the indus-
try is essentially average in its use of the Internet or
World Wide Web for both marketing or promotional
purposes, and operations.

9.1.2.6 Materials preparation and
handling

Materials preparation and handling technologies are
used for manipulating and moving raw materials and
products. /Integrated electronically controlled ma-
chinery are electronically guided vehicles used for
transporting materials and products across the “shop
floor”. Individual electronically controlled non-
integrated machinery refers to machinery such as
robots that are reprogrammable, multifunctional ma-
nipulators of materials, parts, tools and specialized
devices. The electronic detection of machinery fail-
ure involves the use of electronic sensors to imme-
diately locate the source of mechanical problems.

Thirty-one percent of plants in the food industry use
at least one of these three technologies. Ten percent
use each type of machine, while 23% use electronic
means to detect machine failure. The cereal industry
is the leading user of these technologies. However,
there is relatively little variation in incidence of use
among industries (Table 91).

9.1.2.7 Pre-processing

The quality of finished products is largely dependent
on the quality of raw and semi-processed products.
In turn, this depends on such factors as the way prod-
ucts were produced, transported and handled at the
plant. Advanced technologies in this area were clas-
sified as those that contribute to the quality enhance-
ment of raw products and those that contribute to
the quality assessment of raw products.

Raw-product quality enhancement. Three technolo-
gies were identified in the quality enhancement
group: animal stress reduction improves meat qual-
ity and is accomplished through using methods such
as gases that render an animal unconscious prior to
slaughter, rather than an electrical charge; bran re-
moval before milling wheat uses methods such as
friction, abrasion and soaking; and micro component
separation involves the separation of elements such
as proteins for use in other products.
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Table 91I: Incidence of Use of Advanced Materials Preparation and Handling Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments
MATERIALS PREPARATION
AND HANDLING 27 43 33 26 34 26 31 31

a) integrated electronically

controlled machinery 13 12 8 8 8 9 1" 10
b) individual electronically controlled

non-integrated machinery 8 10 14 10 " 10 " 10
c) electronic detection of

machinery failure 16 39 26 20 21 18 21 23
d) other - - 1 - 1 1 - -

Raw-product quality assessment. The quality as-
sessment technologies were six in number: elec-
tronic or ultrasonic grading, which is used for the
non-invasive measurement of carcass fat; collagen,
colour or PSE probe, the first of which is used to
measure the tenderness of meat and the second and
third are used for measuring muscle and fat levels;
near infra-red (NIR) analysis is used to measure mois-
ture, fat and protein; colour assessment or sorting is
used where quality characteristics (such as ripeness)
are related to colour, and colour is detected electroni-
cally; electromechanical defect sorting involves the
electrical identification of defects; and rapid-testing
techniques identify pesticide and microbiotic resi-
dues, contamination and spoilage.

Just over one-third of plants (36%) use at least one
of these pre-processing technologies. Only 6% use
at least one of the raw-product enhancement tech-
nologies, while 34% use at least one of the quality
assessment technologies. By far, the two most com-
monly used technologies are rapid testing and colour
assessment or sorting, with 19% and 17% of plants
using them, respectively. Nine percent or less of the
plants use all other technologies (Table 9J).

Most of these pre-processing technologies are spe-
cific to an industry or product, and this is reflected in
their rates of adoption by the food industry as a whole
and by an individual industry. Not surprisingly, the
bakery industry, which uses mostly processed or
semi-processed products has the lowest incidence
of use (13%). The dairy industry is the greatest user,
with 55% using at least one of these advanced tech-
nologies, but this is largely because about half its
plants use rapid-testing techniques. As well, 30% of
dairy plants use near infra-red analysis for raw-prod-
uct quality assessment.

9.1.2.8 Packaging

Packaging is used to protect food products from con-
tamination and spoilage and to permit convenient
handling. It is also used to convey information to the
buyer and to sell the product. Seven packaging tech-
nologies are classified into three sub-groups—equip-
ment, preservation and advanced materials.

Overall, the set of packaging technologies identified
in this study ranked fourth in incidence of use, with
51% of plants using at least one of the seven identi-
fied. At the individual industry level, the leading us-
ers of packaging technology are the dairy, “other”,
fruit and vegetable and meat industries (Table 9K).
Fifty-five percent or more of the plants in each of these
industries use at least one of the advanced technolo-
gies. In contrast, the incidence of use by the cereal,
bakery and fish plants is below the food-industry av-
erage.

Equipment. Automated-packaging equipment is used
to reduce costs and add operating flexibility. /nte-
grated electronically controlled equipment and non-
integrated electronically controlled equipment are
two types of advanced packaging technologies. Both
types are electronically controlled; the integrated
version is linked to a central computer.

Thirty-five percent of plants used at least one of these
two technologies; 29% used non-integrated equip-
ment, and 15% used the integrated type. While a sig-
nificant number of plants in all industries employ each
type, the dairy, fruit and vegetable and “other” in-
dustries are the leading users.

Statistics Canada — Catalogue no. 88-518

67



Advanced Technology in the Canadian Food Processing Industry

Table 9J: Incidence of Use of Advanced Pre-processing Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments
PRE-PROCESSING ACTIVITIES 13 42 55 36 39 38 38 36
1. Raw Product Quality Enhancement 3 13 3 5 - 14 3 6
a) animal stress reduction - - - 2 - 14 1 3
b) bran removal before milling wheat 2 8 - - - - 2 2
c) micro component separation 1 3 3 - - - 1 1
d) other 1 2 - 3 - - - 1
2. Raw Product Quality Assessment 12 37 54 34 39 32 38 34
a) electronic or ultrasonic grading 1 4 5 6 7 6 1 4
b) collagen, colour or PSE probe 1 2 - 6 2 6 4 3
c) near infra-red analysis 1 19 30 1 1 4 10 9
d) colour assessment or sorting 6 19 10 20 30 17 20 17
e) electromechanical defect sorting 1 3 4 4 12 3 5 4
f) rapid testing techniques 5 16 50 9 18 25 21 19
g) other 3 4 4 5 1 1 1 3
Table 9K: Incidence of Use of Advanced Packaging Technology by Industry
Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments

PACKAGING 38 32 67 43 59 56 65 51
1. Equipment 27 23 49 29 50 29 47 35
a) non-integrated electronically

controlled packaging machinery 23 20 43 26 38 26 36 29
b) integrated electronically

controlled packaging machinery " " 21 9 21 10 24 15
2. Preservation 11 2 29 14 18 39 15 18
a) modified atmosphere 1 2 29 14 18 39 15 18
3. Advanced Materials 16 23 44 25 28 35 49 32
a) laminates 7 8 30 12 17 24 28 18
b) active packaging 5 1 4 10 8 3 7 5
c) multi-layer 9 21 36 12 22 26 32 22
4. Other - - - - - - - -

Preservation. Only one “preservation” packaging
technology was identified in the survey questionnaire,
namely modified atmosphere packaging. This type
of packaging achieves longer shelf life without using
chemical or physical treatments by replacing the ini-
tial atmosphere in the package.

This technology was used by 18% of all plants. It is
most widely used by meat plants (39%) and dairy
plants (29%). It has little application to the cereal in-
dustry.

Advanced materials. Three types of advanced pack-
aging materials are laminates, active packaging, and
multi-layer. Active packaging uses materials that con-
tain or produce bacterial inhibitors to retard food
deterioration. Laminates are a single wrapping of
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layers of materials. Each layer has different proper-
ties that are used to regulate the transmission of oxy-
gen, light and moisture. Multi-layer refers to the use
of more than one wrapping layer, each of which has
differing transmission properties. For example, one
layer could be removed to allow changes in the prod-
uct before display at retail.

About a third of all plants use at least one of these
materials, with 22% using multi-layer, 18% laminates
and only 5% active packaging. Although this ranking
of types of materials used applies to almost all the
industries, their relative incidence differs substantially.
In particular, nearly half the “other” and dairy plants
use at least one of these materials. This compares
with only average use by the meat and fruit and veg-
etable industries and below average use by the bak-
ery, cereal and fish industries.

9.1.2.9 Design and engineering

Design and engineering are integral parts of product
and process development including recipe formula-
tion, simulation and quality control planning. Four
types or combinations of advanced technologies
were identified in this functional area. Computer-
aided design (CAD) and/or computer-aided engineer-
ing (CAE): CAD allows the user to easily produce,
alter and store designs, while CAE uses the computer
to analyse and test product designs produced by CAD
systems. CAD output used to control manufacturing
machines (CAD or CAM): CAM (computer-aided
manufacturing) uses the output produced by CAD
systems to control the machines that manufacture
the part or product. Computer-aided simulation and
prototypes is the use of computer-based mathemati-
cal and physical models to test new products or pro-
cesses. Digital representation of CAD output used in

procurement activities is the use of digital CAD out-
put to control a supplier’s machines that are used to
manufacture the part or product.

Twenty percent of food-industry plants use at least
one of these design and engineering technologies.
By far, the most commonly used technologies are
CAD and/or CAE. At least one of this set is used by
18% of plants, while not more than 5% use any one
of the others. This pattern largely holds for all but
the bakery industry, in which only 11% of plants use
at least one technology and only 9% use CAD and/or
CAE (Table 9L).

9.1.2.10 Summary of adoption rates
by industry

For the food industry as a whole, the functional ar-
eas with the highest incidence of use are processing
and management systems and communication tech-
nologies, followed closely by process control and
packaging. Processing, process control and packag-
ing are all key to the efficient production of quality
products. Information technologies, of course, play
a critical role in the supervision and management of
plant and firm operations. Among functional areas,
the incidence of use of quality control and pre-pro-
cessing technologies is in the mid-to-lower range,
as are the rates for the logistical functions of inven-
tory and distribution and materials preparation and
handling. The lowest incidence of new technology
use is in design and engineering.

We might expect industries to differ in their use of
advanced technologies because of the competitive
environment or because of differences in the prod-
ucts they produce or their production processes.
Factors such as firm size and industry structure may

Table 9L: Incidence of Use of Advanced Design and Engineering Technology by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other Total
Vegetables
percentage of establishments

DESIGN AND ENGINEERING 11 22 23 15 26 22 23 20
a) CAD and/or CAE 9 19 22 15 24 19 20 18
b) CAD/CAM 3 8 4 4 7 5 6 5
c) computer aided simulation

and prototypes - 3 2 2 4 1 7 3
d) digital representation of CAD

output used in procurement - 2 7 1 - 1 3 2
e) other 1 - 2 - - 1 - 1
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also be expected to play a role. For example, tech-
nology might be given greater emphasis in indus-
tries where technology becomes obsolete rapidly.
Similarly, some technologies may be more prevalent
in certain industries because the technologies are
more suited to some conditions than others. Differ-
ent processing and packaging technologies are re-
quired for liquids than solids, and for perishable than
non-perishable products. Also, the need for new tech-
nologies can differ because of differences in indus-
try-specific regulatory requirements. This diversity
has produced significantly different industry profiles.

Bakery. The bakery industry is well below the food-
industry average in its use of the advanced technolo-
gies identified in this study. This is indicated by a
below average incidence of use for all functional
groups, sub-groups, and most individual technolo-
gies.

Cereal. The cereal industry is among the leaders in
the areas of information technologies, materials
preparation and handling, pre-processing and de-
sign and engineering. At the same time, it is well
below the food industry average in the use of pro-
cessing, inventory and distribution, and packaging
technologies.

Dairy. The dairy industry is the leading user of many
of these advanced technologies in terms of incidence
and intensity of use. In particular, 20% of plants use
20 or more of them, by far the highest percentage of
any industry. It also leads in such areas as process-
ing (except non-thermal preservation) and process-
control technologies. It is about average in inventory
and distribution as well as materials preparation and
handling.

Fish. The fish industry tends to be below average in
the use of most technologies but is above average in
its use of deep-chilling processing technologies.

Fruit and vegetables. The fruit and vegetable pro-
cessing industry is the second leading user of ad-
vanced technologies. Ten percent of its plants use
20 or more. Its incidence of use is average or above
for all functional areas, particularly processing and
process control.

Meat. The meat industry is quite consistently around
the industry average in its use of these technologies.
It is an especially strong user of non-thermal preser-
vation techniques, bar-coding for both process con-
trol and inventory and distribution, and modified
atmosphere packaging.

Other. The “other” industry is one of the leading
users of these new technologies. Ninety-five percent
of its plants use at least one advanced technology
and 7% use more than 20. Although seldom the top
user, its incidence of use is above the industry aver-
age for all functional areas. It has the highest inci-
dence of use of information technologies (where it is
the leader in the use of the Internet), and advanced
packaging materials (along with dairy).

9.1.3 Adoption rates by plant size
Previous manufacturing technology studies have
found a strong positive relationship between the rate
of adoption of new technologies and the size of es-
tablishment (Baldwin and Sabourin 1995). These au-
thors also cite supporting results from earlier studies
and note some reasons why larger establishments
might be expected to have higher adoption rates for
advanced technologies. The reasons identified in-
clude better information, greater financial and tech-
nical capabilities, and greater ease in identifying
opportunities for mechanization or automation when
large-scale production processes are being used. The
degree to which the size of a plant is a factor in tech-
nology use in the food industry is indicated by the
following results:

(1) Large plants (250 or more employees) are much
more likely to use advanced technologies than small
plants (10 to 19 employees). In particular,

e Ninety-seven percent of all plants employing 250
or more people use at least one advanced tech-
nology, while 82% of those employing 10 to 19
people do so (Table 9M).

e Thirty-one percent of plants with 250 or more
employees use more than 20 advanced technolo-
gies, compared with only 1% of those with 10 to
19 employees. Conversely, only 5% of plants in
the largest size group report the use of one to
five advanced technologies compared with about
half the establishments in the smallest size group
(Table 9M).

e The largest plants use advanced technologies in
more functional areas than the smallest. For ex-
ample, 57% of plants with 250 or more employ-
ees use at least one advanced technology from
seven or more areas, compared with only 4% of
those employing 10 to 19 people (Table 9N).
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e Large plants make greater use of advanced tech-

nologies in all functional areas. In four of the nine
areas, large plants are at least three times more
likely than small plants to use at least one of the
advanced technologies, and at least twice as likely
to use technologies in eight of the nine areas. The
largest difference is in design and engineering
where 66% of the 250-and-over employee size
group use at least one of the technologies identi-
fied in the survey compared with only 7% of the
small plants. The smallest difference in adoption
rates between the largest and smallest size groups
is in processing technologies—88% versus 50%
(Table 90).

The positive relationship between size and use
also applies to the sub-areas, and to almost all
individual technologies (see Appendix Table A9.2).
In particular, in both the process testing sub-area
of quality control and the raw-product quality as-
sessment sub-area of pre-processing, the largest
plants are some four times more likely to use at
least one advanced technology than the smallest

size plants. The percentage of plants reporting the
use of a particular technology is almost invariably
higher for the 250-and-over employee size group
than the 10-to-19 employee size group.

(2) The positive relationship between size and tech-

nology use is also evident across the other size
groups.

The incidence of use by the 20-t0-49 employee
size group is, for the most part, greater than that
of the 10-to-19 employee size group for the func-
tional areas as well as for the functional sub-
areas. In addition, the incidence of use by the 250-
or-more employee size group was substantially
greater than that of the 100-to-249 employee size
group for all functional areas and all sub-areas
except laboratory testing and simulation (for qual-
ity control). In both cases, the incidence of use of
the great majority of individual technologies is
higher for the larger size group than for the smaller
one (Table 90).

Table 9M: Number of Advanced Technologies Used by Size of Establishment

Number of Technologies

Employment
Size Group None 1-5 6-10 11-20 21 + At Least 1
percentage of establishments

10-19 18 54 17 9 1 82
20-49 15 37 32 14 1 85
50-99 9 32 26 27 6 91
100 — 249 9 20 28 35 8 91
250 + 3 5 19 42 31 97
All 12 34 25 22 7 88

Table 9N: Number of Functional Areas in Which at Least One Advanced Technology is

Used by Size of Establishment

Employment Size Group

Number of
Functional Areas 10-19 20-49 50-99 100 - 249 250+
percentage of establishments

All areas 1 - 3 3 25
8 or more 2 1 12 16 44
7 or more 4 9 20 26 57
6 or more 10 17 31 43 Al
5 or more 14 29 46 59 83
4 or more 29 43 57 69 90
3 or more 47 59 76 81 97
2 or more 66 71 85 86 97
1 or more 82 85 91 91 97
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Table 90: Technology Use by Functional Area by Size Group

Employment Size Group

Functional area

10 -19 20-49 50-99 100 - 249 250+ All
percentage of establishments
Processing 50 59 67 61 88 62
Process control 34 45 67 14 86 56
Quality control 27 40 44 57 72 44
Inventory and distribution 30 31 43 43 69 39
Management and information
systems and communications 43 56 64 78 91 62
Materials preparation and handling 20 21 39 35 60 31
Pre-processing activities 20 33 36 47 61 36
Packaging 35 43 51 66 82 51
Design and engineering 7 7 21 30 66 20

e Over the size range 20 to 249 (that is, the three
middle groups), the size or incidence-of-use rela-
tionship at the functional level is strong and in-
creases monotonically for process control, quality
control, management systems and communica-
tions, pre-processing, packaging, and design and
engineering. However, this is not the case for pro-
cessing, inventory and distribution, and materi-
als preparation and handling (Table 90).

e The intensity of use of advanced technology in-
creases across all size groups. The percentages
of plants using 11 to 20 advanced technologies
increase monotonically as the size of plant in-
creases (Table 9M). Use of 21 or more technolo-
gies also increases with size, although not
monotonically.

e The comprehensiveness of use also increases
steadily across all size groups, although consid-
erably less dramatically than between the small-
est and largest plants. The percentages of plants
that use advanced technologies in seven or more
functional areas in the 20-t0-49, 50-t0-99, and 100-
t0-249 employee size groups are 9%, 20% and
26%, respectively (Table 9N).

In summary, there is a strong positive relationship
between plant size and the use of advanced tech-
nologies in the food industry. This is evident with
respect to the incidence, intensity and comprehen-
siveness of use. The higher incidence of use applies
to all functional areas and sub-areas and most indi-
vidual technologies. For six of the nine functional
areas, the relationship of incidence to size is mono-
tonic across the five size groups. There is little differ-
ence among size groups in the ranking of functional

areas by incidence of use. The smallest absolute dif-
ference is in the processing area, and the largest is
in design and engineering.

9.1.4 Adoption rates by country of
control?’

As we mentioned in the chapter on the food-process-
ing industry, multinational firms play an important
role in the global diffusion of advanced technologies,
and they have a significant presence in the Canadian
food industry. The advantages of multinational en-
terprises are typically related to their size, expertise
and financial resources.

The results of this survey indicate that, in the food
industry, foreign-controlled establishments are more
likely to use advanced technologies than are Cana-
dian-controlled plants:

e Ninety-six percent of foreign-controlled plants use
at least one of the technologies identified in this
study, compared with 87% of Canadian-controlled
plants (Table 9P).

e Fifty-six percent of foreign-controlled plants use
11 or more advanced technologies, compared
with 256% of the Canadian-controlled plants (Table
9P).

e Foreign-controlled plants are more likely to use
advanced technologies in more than one func-
tional area. In particular, 40% of the foreign-
controlled plants use them in seven or more ar-
eas compared with 15% of the Canadian-
controlled plants (Table 9Q).

7 For the most part, the sample size for non-U.S. plants was too small to draw statistically significant distinctions between
such plants and U.S.-controlled plants—although the former appeared to be slightly more advanced.
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Table 9P: Number of Advanced Technologies Used by Country of Control

Number of Technologies

Country
None 1-5 6-10 11-20 21 + At Least 1
percentage of establishments
Canada 13 36 26 20 5 87
Foreign 4 18 22 39 17 96
All 12 34 25 22 7 88

Table 9Q: Number of Functional Areas in Which at Least
One Advanced Technology is Used by Country of Control

Number of areas Canada Foreign All

percentage of establishments

All areas 3 " 4
8 or more 8 29 "
7 or more 15 40 18
6 or more 25 56 28
5 or more 36 68 40
4 or more 49 16 52
3 or more 65 88 67
2 or more 76 94 78
1 or more 87 96 88

e With one exception, foreign-controlled plants are
significantly more likely to use advanced technolo-
gies in each of the functional areas (Table 9R).
They are more than twice as likely to use them in
advanced design and engineering, about twice as
likely to use them in the areas of materials prepa-
ration and handling and pre-processing, and 50%
more likely in other areas. The largest percent-
age-point differences are in process control, man-
agement and systems and communications, and
pre-processing. The exception is processing

Table 9R: Technology Use by Functional Area by Country
of Control

Functional area Canada Foreign All

percentage of establishments

Processing 62 62 62
Process control 52 86 56
Quality control 42 61 44
Inventory and distribution 38 45 39
Management and information

systems and communications 59 91 62
Materials preparation and handling 29 50 31
Pre-processing activities 33 63 36
Packaging 49 68 51
Design and engineering 17 43 20

where there is no difference. In the case of pro-
cessing technologies, Canadian-controlled plants
lead the way in non-thermal preservation meth-
ods, but lag in the sub-area of separation, con-
centration and water removal (Appendix Table
A9.3).

e Foreign-controlled plants are more than twice as
likely to use advanced technologies in the pro-
cess testing sub-area (See Appendix Table A9.2).
This is also the case for automated statistical pro-
cess control, programmable logic controllers,
computerized process control, intercompany net-
works, and electronic detection of machinery fail-
ure. On the other hand, in addition to the
processing area, Canadian-controlled plants are
relatively advanced in the use of modified atmo-
sphere packaging.

e For the most part, the sample size for non-U.S.
plants was too small to draw distinctions between
such plants and U.S.-controlled plants in the use
of advanced technologies.

In summary, the overall incidence, intensity and com-
prehensiveness of use of advanced technologies is
appreciably higher for foreign-controlled establish-
ments than for Canadian-controlled establishments.
The absolute difference is greatest for the functional
areas of process control, management systems and
communications and pre-processing and relatively
greatest for design and engineering, and materials
preparation and handling. The latter two, particularly
design and engineering, have relatively low, overall
usage rates. The greater use of management sys-
tems and communications technologies would be at
least partly related to the greater challenge of effec-
tively and efficiently monitoring and controlling the
multi-plant operations of a multinational firm. There
is no difference in the key area of processing
technologies.
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9.1.5 Adoption rates by stage of

processing

As indicated above, while many technologies apply
to a variety of food-processing plants, some tech-
nologies apply more to either primary or secondary
processing. Also, as noted in the industry overview,
39% of food-industry plants specialize in primary
processing, 22% specialize in secondary processing,
and 39% do both (Table 4C).

There is not a large difference in the incidence of use
by functional area among plants that differ by stage
of processing. In all cases, the lowest rate is for pri-
mary processors; compared with secondary proces-
sors, the largest differences are in the areas of
process control, packaging, communications, and
design and engineering. In most cases, plants that
do both primary and secondary processing have the
highest adoption rates, but in all cases the margin is
small. This general picture is not much different at
the sub-functional level (see Appendix Table A9.4).

9.2 Factors Influencing
Advanced Technology
Adoption

9.2.1 Introduction

In preceding sections, we have used bivariate tables
to show that the adoption of advanced technology
varies by type of industry, size and country of con-
trol and the degree to which this is the case. In par-
ticular, large plants and foreign-controlled plants tend
to be more technologically advanced. But these two
characteristics are related, since foreign plants tend
to be larger. However, bivariate analysis does not al-
low us to determine whether, for example, the influ-
ence of foreign direct investment on technology use
is simply an artefact of the size of the plant or the
industry in which it operates.

There are several questions that need to be answered.
Does one industry use more advanced technologies
because of differences in products produced or be-
cause it has more large plants? How large is the ef-
fect of plant size on technology use after other
characteristics like batch processing are considered?
Is technology intensity higher in the foreign sector
because this sector operates larger plants, because
of the industries in which they are active, or because
of other production-related characteristics that dis-
tinguish foreign from domestic plants?

In this section, we use multivariate analysis to exam-
ine these issues by estimating the joint influence of
size and nationality of ownership, as well as other
plant and industry characteristics that have been hy-
pothesized to affect technology adoption (see Chap-
ter 4). This technique will determine whether
nationality still matters after we have taken into ac-
count the other salient characteristics that are related
to technology use. These plant characteristics include
the type of production activity (stage of processing),
production of volume products and continuous as
opposed to batch operations. We have also hypoth-
esized that the use of certain key business practices
will be related to technology use, in part because they
require certain advanced technologies to be effec-
tive.
9.2.2 The multivariate analysis
Firms adopt advanced technologies with the expec-
tation of receiving an increase in profits. The expected
post-adoption return from advanced technologies r*
for firm i is taken to be a function of a set of firm-
specific and industry-specific exogenous variables x.
This may be formally expressed as:

r* =bx +u,  where uisarandom variable

Even though r* is not directly observable, we can
observe whether firm i adopted a new technology or
not. We assume that when the expected return from
technology adoption is positive, firms will adopt the
new technology. The observable binary variable |,
takes a value of one when the firm is an advanced
technology user and zero otherwise. Thus we can
write:

1

1

1 ifr*>0
0 otherwise

The expected return from technology adoption, given
the characteristics of the firm and of the industry to
which it belongs, is

E(r*|x)

When this is greater than zero, Prob(l.=1), which in
turn occurs when Prob(u, > -bx )= 7-F(-bx.) where F
is the cumulative density function for the residuals
u. The choice of the statistical model to be used for
multivariate analysis depends on assumptions about
the form of the residuals u.. If the cumulative distri-
bution of residuals is normal, the probit model is the
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appropriate choice; if it conforms to a logistic func-
tion, the logit model is appropriate. For practical pur-
poses, the difference between the results of the two
models is usually small. In this study, the logistic
model will be used.

Technology adoption logistic regressions are esti-
mated for each of the nine functional areas using the
following model specification:

T = f(C,A)

where T refers to the incidence of technology use, C.
to a set of plant characteristics, and A, to plant activi-
ties.

The plant characteristics, plant activities, and indus-
try characteristics are hypothesized to be related to
the benefits of using advanced technologies and are,
therefore, included as proxies for the expected re-
turn r*. These characteristics include plant size, own-
ership and the production capability of the firm. The
latter is represented by the type of operation (batch
versus continuous), the type of production activity
(primary, secondary, or combined primary-
secondary processing), and the extent to which the
operation is a high-volume production unit. Like plant
size and nationality, each of these are used to cap-
ture characteristics that are believed to affect the ben-
efits that a plant can derive from the use of advanced
technology. Plant size is included because larger
plants are seen to derive greater benefits from ad-
vanced technology use—as the greater emphasis on
technology strategies outlined in Chapter 5 confirms.

Nationality is included because of the advantage that
foreign-owned plants are perceived to possess in
transferring technologies across national boundaries
(Cohen and Levin 1989). Plant activities are captured
by business practices that are seen by some (Gor-
don and Wiseman 1995) to be closely related to the
benefit that plants obtain from advanced technolo-
gies. Process innovation is also included because of
its likely connection to the adoption of technologies.
Binary industry variables are included to capture any
industry-specific effects that are related to differences
in technological opportunity.

9.2.3 Dependent variable

The dependent variable is a dichotomous variable
capturing technology incidence measured at the func-
tional technology level. Itis a binary variable that takes
avalue of 1 if the plantis using at least one advanced
technology from that functional group, and a value

of 0 otherwise. For example, for processing technolo-
gies, the dependent variable takes a value of one if
the establishment uses at least one of the process-
ing technologies listed in the survey, and a value of
zero otherwise.

9.2.4 Explanatory variables
Establishment size. Establishment size is measured
by the number of production and non-production
workers employed by the establishment. Five binary
variables are constructed to capture size effects. They
are based on the following five categories: 10 to 19
employees, 20 to 49 employees, 50 to 99 employ-
ees, 100 to 249 employees, and 250 or more em-
ployees.

Production type. Three binary variables control for
differences in production activity. Plants are catego-
rized in the survey as having only primary process-
ing facilities, only secondary processing facilities, or
facilities that engage in both primary and secondary
processing activities. Accordingly, three binary vari-
ables are constructed. The first variable takes a value
of one if the establishment is a pure primary pro-
cessing plant, otherwise it is coded as zero if it is
engaged in some secondary processing activity—ei-
ther purely secondary or combined primary-
secondary processing. Two other binary variables
were defined in a similar fashion to represent plants
that do only secondary processing, and those
combining primary and secondary process activities,
respectively.

Volume of products. This variable measures the per-
centage of shipments that managers categorize as
high-volume products. It is a continuous variable
ranging from 0% to 100%.

Batch versus continuous. To distinguish continuous
from batch operations, we use a binary variable that
takes a value of 1 if the plant is primarily a batch op-
eration, and a value of 0 if it is primarily a continuous
operation.

Ownership. Nationality is captured with a binary vari-
able that takes a value of 1 if the establishment is
foreign owned, and a value of 0 if the establishment
is domestically owned.

Business practices. Establishments employ a vari-
ety of business practices and techniques aimed at
improving their plant’s operations. Three types of
practices were investigated in the survey—practices
aimed at enhancing the quality of products; practices
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aimed at improving the handling and distribution of
materials within and outside of the plant; and prac-
tices or techniques aimed at rapid product or pro-
cess development.

Three variables are constructed capturing the num-
ber of practices an establishment uses from each of
the three types of business practices.

Process innovation. Plants that introduce new pro-
cess innovations are more likely to be using advanced
technologies. Process innovation may, but does not
necessarily, involve the list of technologies included
here. To capture the relationship between innovation
and technology use, a binary variable is included that
takes on a variable of 1 when process innovation
occurs and 0 otherwise.

Industry. Industry effects are also included. Seven
binary variables are constructed for the seven sub-
industries that are considered here—bakery, cereal,
dairy, fish, fruit and vegetables, meat and other food
products.

A summary of the dependent and explanatory vari-
ables for the sample used in the regression analysis
is provided in Table 9S. For the binary variables, the
proportion of establishments (a value that ranges
from 0 to 1) exhibiting a certain characteristic is given,
while for the continuous variables, the mean value
of each is provided. For example, for the binary de-
pendent variable QUALITY, 36% of the food-process-
ing establishments use at least one advanced quality
control technology. For the continuous variable VOL-
UME, we find that, on average, 63% of the shipments
produced by plants are high-volume products.

9.2.5 Methodology

The actual form of the regression is:

FUNCTECH = o + OLI*SIZE + o, *FOREIGN + o, *PRODTYPE
+ o, *VoLume + a, *BatcH + o *PRACTICES
+ o, ¥INNovPROC + o ¥INDUSTRY

where FuncTeEcH measures the incidence of technol-
ogy use at the functional technology level, and Size
is the employment size of a firm. ForeigN captures
whether or not an establishment is foreign owned.
PropTYPE is a variable that indicates where on the
value-added chain a plant falls—whether the produc-
tion activity of the establishment involves primary

processing, secondary processing, or both. VoLume
captures the extent to which the plant is engaged in
high-volume production. BatcH is a variable that mea-
sures the extent to which the production takes place
in a batch rather than a continuous operation. Prac-
Tices refers to the business practices used by estab-
lishments. INNOvPROC is a variable that indicates
whether process innovation is occurring. INDUSTRY was
included to capture industry effects.

Results of the logistic regressions for technology in-
cidence in each of the functional areas are provided
in Table 9T. All regressions are weighted and are es-
timated against an excluded plant that is small, en-
gaged in primary processing, that does continuous
processing, is Canadian owned, that is in the bakery
industry, and has not introduced a process innova-
tion in the last three years. Whereas the parameter
estimates in Table 9T provide the qualitative effects
of the explanatory variables, the probability estimates
found in Table 9U provide the quantitative effects.
The probabilities are calculated by estimating the logit
function at the sample means."®

9.2.6 Empirical results

Employment size (esTsize) is an important determi-
nant of technology use across all functional groups.
The coefficient on the largest size class is statistically
significant across all functional groups, that is, large
plants are more likely to adopt at least one technol-
ogy from a functional group than are smaller plants.
For most of the functional areas, the probability of
adopting an advanced technology from a functional
group increases monotonically with size of plant. This
size advantage is greatest for communications, pro-
cess control, packaging and design technologies
(Table 9U). There is a 46 percentage-point difference
in the probability of adopting advanced communica-
tion technologies between the largest and the small-
est plants. Large differences are also found for
process control technologies (39 percentage points)
and design and engineering technologies (33 percent-
age points).

The coefficient for nationality of ownership (FOREIGN)
is positive, for all but processing and inventory and
distribution technologies, and is highly significant for
about half of the functional groups. This means that
foreign-owned establishments are significantly more
likely to adopt technology than are domestically

'8 Probabilities (p) are estimated using the logit equation: P = exp(fx)/[1 + exp(px)]
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Table 9S: Summary Statistics for Dependent and Independent Variables for Technology Adoption Logistic Regression

Variable Description Mean Standard deviation
1. Dependent variable
Incidence of use Incidence of Functional Technology Use
PROCESS — processing 0.61 0.48
PROCCNTL — process control 0.57 0.50
QUALITY — quality control 0.36 0.49
DISTRIB — inventory and distribution 0.39 0.49
COMMUNIC — management systems and communications 0.64 0.48
MATERIAL — materials preparation and handling 0.31 0.46
PREPROC — pre-processing 0.36 0.48
PACKAGE — packaging 0.52 0.50
DESIGN — design and engineering 0.20 0.40
2. Plant characteristics
Establishment Size Employment Size
ESTSIZE1 — 10 to 19 employees 0.23 0.42
ESTSIZE2 — 20 to 49 employees 0.28 0.45
ESTSIZE3 — 50 to 99 employees 0.20 0.40
ESTSIZE4 — 100 to 249 employees 0.18 0.39
ESTSIZES — 250 or more employees 0.10 0.30
Ownership Country of Control
FOREIGN — Foreign owned 0.1 0.32
Production Type Stage of Production
PRODTYP1 — primary processing 0.39 0.49
PRODTYP2 — secondary processing 0.22 0.42
PRODTYP3 — both primary and secondary 0.38 0.49
Volume of Products High Volume Production
VOLUME — percentage of products that are high volume 62.5 30.1
Type of Operation Type of Operation
BATCH — batch (as opposed to continuous) operations 0.48 0.50
3. Plant activities
Business Practices Incidence of Business Practices Use
PRACT_A — product quality practices 4.82 2117
PRACT B — management practices 2.44 2.22
PRACT C — product/process development practices 2.21 2.36
Innovation Incidence of Process Innovation
PROCINNOV — percentage of establishments with process innovation 0.37 0.48
4, Industry characteristics
IND_BAKE Bakery industry 0.15 0.36
IND _CERE Cereal industry 0.15 0.35
IND_DAIR Dairy industry 0.10 0.30
IND_FISH Fish products industry 0.15 0.36
IND_VEGG Fruit and vegetables industry 0.07 0.26
IND_MEAT Meat industry 0.19 0.39
IND_OTHR Other food products industry 0.19 0.40

Note: All means are weighted population estimates.

owned ones, even after size and other plant charac-
teristics are taken into account. The largest signifi-
cant nationality effects occur for process control,
communications and pre-processing. Being foreign-
owned adds 24 percentage points to the probability
of adopting advanced process control and advanced
communication technologies. For pre-processing, the
advantage is 18 percentage points. Overall, these
results confirm our hypothesis that foreign-owned
establishments are the most likely to be technology
users and demonstrates where this occurs—in the
areas outside the central processing area.

Production type (ProDpTYPE) is generally positive. The
coefficient is significant for design and engineering
and automated materials handling technologies. Even
though the coefficient is significant for design and
engineering, the effect on the probability of success-
ful adoption is small. Establishments engaged in
some type of secondary processing activity have an
eight percentage point advantage when it comes to
adopting automated materials handling technologies.
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The use of business practices is found to be posi-
tively and significantly associated with the adoption
of advanced technology. Business practices (PRACT A)
aimed at enhancing product quality are positively and
significantly related to technology use. Establish-
ments using practices such as continuous quality
improvement and hazard analysis critical control
points (Haccp) are more likely to adopt all types of
advanced technology. For all but packaging technol-
ogy, this relationship is highly significant. The impact
is greatest for processing, process control and qual-
ity control technologies. Therefore, quality practices
influence the adoption of more than just the tech-
nologies that we have grouped under the rubric “qual-
ity-control technologies”. They also influence the
adoption of technologies in processing, pre-process-
ing, and communications.

Business practices aimed at materials and distribu-
tion management (PrRACT B), such as just-in-time in-
ventory control and materials requirement planning
are also positively related to technology use across
all functional groups. They are highly statistically sig-
nificant for communications technologies. The third
set of practices dealing with product and process de-
velopment (PrRACT_c) have positive coefficients that are
statistically significant for all but communications.

Innovation activities are also important determinants
of advanced technology use. Plants that indicated that
they had recently introduced a process innovation
were more likely to use advanced technologies from
each of the functional groups. Only for inventory and
distribution and design and engineering are these
results not statistically significant. Nevertheless, it is
significant that process innovation is not a sufficient
condition for the use of advanced technologies. Plants
that do not report process innovations have a rela-
tively high probability of reporting advanced tech-
nology use and those reporting process innovations
do not all use advanced technologies (Table 9U).
While process innovation involves more than just ad-
vanced technologies, the advanced technologies in-
vestigated here are an important part of many process
innovations.

Establishments that are high-volume producers are
the most likely to adopt advanced technology. This
result is statistically significant for process control,
automated material handling, design, pre-process-
ing and quality control technologies.

On the other hand, if an establishment is primarily a
batch operation, there is less likelihood that it will
use advanced technologies in the areas of design,
distribution, materials handling, processing, quality
control and pre-processing technologies. The latter
two are highly significant. The biggest effect is found
for pre-processing for which there is an 11 percent-
age point difference in the probability of adoption.
Most of these are also areas where volume has a
significantly positive effect on the adoption of ad-
vanced technologies. However, plants that concen-
trate on batch operations are significantly more likely
to adopt communications technologies; this is not
an area where volume has much of an impact.’®

The industry to which an establishment belongs in-
fluences the likelihood that it will adopt advanced
technology. Establishments in the dairy industry are
the most likely to adopt at least one technology from
each of six functional groups: processing, process
control, quality control, communications, pre-pro-
cessing and packaging. Establishments in the fish
products and bakery industries are generally among
the least likely to adopt a technology from most func-
tional groups—processing, quality control, pre-pro-
cessing, packaging, and design for bakery; and
process control, quality control, inventory, commu-
nications, packaging and design for fish products.
Cereal establishments have a higher probability of
adoption than most for materials, process control,
pre-processing, and design. Establishments in the
fruit and vegetable industries and “other” food prod-
ucts industry tend to reflect the industry average, with
the exception of quality control and packaging where
it is among the leaders. Plants in the meat industry
are more likely than plants in most other industries
to adopt processing, quality control, inventory and
packaging technologies.

We also estimated regressions for the intensity of
adoption but do not report them here. Most of the
earlier results hold. Similar to the results found for
the technology incidence regression, size matters.
While the coefficient attached to foreign ownership
is positive, it is statistically significant only for pro-
cess control, quality control and pre-processing tech-
nologies. It is negative and statistically significant for
process and distribution technologies. Production
type is slightly more important here than for the
incidence regression. Unlike the incidence regression,
production type was found not to matter for design

% The exclusion of either the volume or the batch variable from the equation does not affect the significance of the other

variable.
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technologies but was found to matter for packaging
and process control technologies. Establishments
that are engaged in secondary processing, either
solely or in combination with primary processing
activities, tend to adopt greater numbers of packag-
ing and process control technologies. Business prac-
tices were found to have the same effect for both
regressions. Product volume has much less of an
effect than for the incidence regression. Only for pro-
cess control and automated material handling is the
estimated coefficient positive and significant.
Whether a plant is primarily a batch operation is rarely

significant. Only for quality control and pre-process-
ing is it important, with continuous operations being
more likely to use greater numbers of these types of
technologies. Results similar to the technology inci-
dence regression are found for the industry variables.
Plants in the dairy, cereal and meat industries are
generally ahead (although cereal plants lag signifi-
cantly when it comes to process and packaging tech-
nology); plants in the fish and bakery industries are
generally behind; and plants in the fruit and vegetable
and “other” products industries tend to reflect the
industry average.

Table 9T: Logistic Regression Results for Incidence of Technology Adoption by Functional Technology Group

Variable Processing Process Quality Inventory Management Materials Pre- Packaging Design and
control control and systems and prepara- processing engineering
distribution communi- tion and
cations handling
INTERCEPT -1.623%** -3.390%** -4.264%** -1.784%** -1.987%** -2.978%** -4.440% %% -2.186%** -5.734%**
Plant Characteristics
Establishment Size
ESTSIZE2 0.007 0.228 -0.009 0.038 0.517** -0.222 0.356 0.201 0.022
ESTSIZE3 0.070 1.159%** 0.403 0.565** 0.764%** 0.629** 0.394 0.328 1.194%**
ESTSIZE4 -0.338 1.555%** 0.694** 0.481* 1.734%** 0.236 0.672** 0.894%*** 1.695%**
ESTSIZES 0.715* 1.694%** 0.896** 1.251%%* 2.482%%* 0.976%** 0.696* 1.236%** 2.636%**
Ownership
FOREIGN -0.497* 1.054%** 0.346 -0.252 1.3171%%* 0.310 0.829%** 0.140 0.610**
Production Type
PRODTYP2 0.119 0.261 0.063 0.156 0.343 0.195 0.091 0.257 0.670**
PRODTYP3 0.208 0.025 0.149 0.106 0.226 0.356* 0.086 0.280 0.505*
Volume of Products
VOLUME 0.003 0.013*** 0.007** -0.001 0.001 0.009%*** 0.006* 0.004 0.008*
Type of Operation
BATCH -0.033 0.069 -0.337* -0.176 0.381** -0.255 -0.570*** 0.065 -0.153
Plant Activities
Business Practices
PRACT_A 0.244%** 0.227%** 0.269%** 0.098** 0.189%*** 0.175%** 0.211%** 0.070 0.146**
PRACT B 0.010 0.107* 0.048 0.089* 0.2071%** 0.029 0.001 0.061 0.062
PRACT_C 0.097* 0.120* 0.135%** 0.081* -0.020 0.078* 0.147%** 0.223*** 0.148***
Process Innovator
INNOVPROC 0.519%** 0.625%** 0.327* 0.001 0.554** 0.738%** 0.570*** 0.313* 0.353
Industry Characteristics
IND_CERE -0.327 0.674%* 0.993%** -0.145 0.460 0.679** 2.027%** -0.317 1.742%**
IND_DAIR 0.970%** 1.169%*** 2.214%** -0.212 -0.138 -0.519 2.191%%* 0.981%** 0.501
IND_FISH 0.591* -0.993*** 0.534 -0.369 -1.127%%* -0.477 1.302%** -0.142 0.316
IND_VEGG 0.719** 0.443 0.872** 0.103 -0.248 -0.286 1.460%** 0.502 0.813*
IND_MEAT 0.638** 0.333 1.223%** 0.794*** -0.329 -0.621* 1.755%** 0.712** 0.766*
IND_OTHR 0.043 0.207 1.279%** 0.495 0.350 -0.386 1.528%** 0.703** 0.888**
Summary Statistics
N 794 794 794 794 794 794 794 794 794
1 109.7 158.8 165.9 94.2 153.8 134.6 180.6 138.6 162.8
Log Likelihood -458 -390 -403 -472 -395 -413 -4 -451 -282
Note: *** significant at the 1% level;  ** significant at the 5% level;  * significant at the 10% level
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Table 9U: Estimated Probability of Adopting Specific Functional Technologies

Variable Processing Process Quality Inventory Management Materials Pre- Packaging  Design and
control control and systems and prepara-  processing engineering
distribution communi- tion and
cations handling
Plant Characteristics
Establishment Size
ESTSIZE1 57 37 20 32 45 27 22 23 4
ESTSIZE2 57 37 20 32 58 21 22 23 4
ESTSIZE3 57 65 20 45 63 41 22 23 12
ESTSIZE4 57 74 34 43 82 27 36 43 19
ESTSIZE5 73 76 39 62 91 50 37 51 37
Ownership
FOREIGN 47 75 24 39 86 32 42 29 14
NON-FOREIGN 60 51 24 39 62 32 24 29 8
Production Type
PRODTYP1 58 54 24 39 66 29 26 29 6
PRODTYP2 58 54 24 39 66 29 26 29 12
PRODTYP3 58 54 24 39 66 37 26 29 10
Volume of Products
VOLUME 58 54 24 39 66 32 26 29
MEAN+SD 58 63 28 39 66 38 30 29 1
MEAN-SD 58 44 21 39 66 26 23 29
Type of Operation
BATCH 58 54 21 39 70 32 21 29 9
NO BATCH 58 54 21 39 62 32 32 29 9
Plant Activities
Business Practices
PRACT_A 58 54 24 39 66 32 26 29 9
MEAN+SD 70 66 36 44 74 40 36 29 12
MEAN-SD 45 42 15 34 56 24 18 29 7
PRACT_B 58 54 24 39 66 32 26 29 9
MEAN+SD 58 60 24 44 75 32 26 29 9
MEAN-SD 58 48 24 35 55 32 26 29 9
PRACT_C 58 54 24 39 66 32 26 29 9
MEAN+SD 64 61 31 44 66 36 33 41 12
MEAN-SD 53 47 19 35 66 28 20 19 6
Process Innovator
INNOVPROC 66 64 28 39 73 43 33 33 9
NON-INNOVPROC 54 48 22 39 61 26 22 27 9
Industry Characteristics
IND_BAKE 49 52 " 36 69 32 8 22 5
IND_CERE 49 68 26 36 69 48 39 22 23
IND_DAIR 72 78 54 36 69 32 43 43 5
IND_FISH 64 29 1 36 42 32 23 22 5
IND_VEGG 67 52 24 36 69 32 26 22 10
IND_MEAT 65 52 30 55 69 20 32 36 10
IND_OTHR 49 52 32 36 69 32 28 36 1
9.3 Summary and Conclusions in some type of secondary processing, either alone

While a large proportion of food-processing estab-
lishments use at least one advanced technology, the
incidence and intensity of use differs appreciably by
industry, plant size and country of control.

These results are evident from the simple bivariate
tables produced in section 9.1. The results of multi-
variate analysis show that a number of other charac-
teristics are related to technology use. Plants engaged

or in conjunction with primary processing, are a little
more likely to use advanced technologies. Plants with
high-volume and continuous operations are more
likely to use advanced technologies. The use of busi-
ness practices is also positively associated with tech-
nology use, particularly quality practices.

The statistical analysis also shows that after the
effects of production characteristics are accounted
for, larger plants are more likely to use advanced
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technologies. This result also applies to foreign-
controlled plants compared with Canadian-controlled
plants.

At the industry level, the leading users of advanced
technologies are clearly the dairy, “other” and fruit
and vegetable industries when plant characteristics
are not taken into account. When differences in size,

control and the other variables analysed are consid-
ered, some changes occur in the relative ranking of
different industries. Dairy plants are still the most
likely to adopt advanced technology, while the fruit
and vegetable and “other” industries no longer dif-
fer much from the average. The cereal industry, how-
ever, becomes one of the more important users. The
fish and bakery industries are still among the least
likely to use many advanced technologies.
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Appendix - Chapter 9

Table A9.1: Incidence of Individual Advanced Technology Use by Industry

Technology Bakery Cereal Dairy Fish Fruit and Meat Other All
Vegetables
percentage of establishments
1. PROCESSING 50 44 71 70 73 67 61 62
1.1 Thermal preservation 17 1" 41 21 41 31 29 26
a) aseptic processing 7 1 35 1" 30 18 12 14
b) retortable flexible packages 6 - 10 8 13 12 13 9
c) infra-red heating 1 3 8 1 3 1 3 3
d) ohmic heating - 1 - 1 3 1 - 1
e) microwave heating 6 1 5 3 4 3 6 4
f) other 4 4 6 4 1 6 5 5
1.2 Non-thermal preservation 32 16 34 65 54 52 26 39
a) chemical antimicrobials 8 9 19 13 32 21 17 16
b) ultrasonic techniques 1 - - - - 4 4 2
c) high pressure sterilization 2 8 15 16 13 10 4 9
d) deep chilling 21 1 19 51 24 40 " 25
e) other 1 - 1 8 8 2 2 3
1.3 Separation, concentration and
water removal 12 19 49 31 38 35 35 30
a) membrane process - 1 21 5 13 3 5 5
b) filter technologies 4 1 23 12 22 17 21 15
c) centrifugation - 2 40 8 12 6 13 10
d) ion exchange - 1 6 1 8 1 4 3
e) vacuum microwave drying - - - 5 1 2 - 1
f) water activity control 10 12 14 23 20 21 14 16
g) other - 2 1 2 - 2 1 1
1.4 Additives or ingredients 17 28 50 9 1" 17 14 19
a) bio-ingredients 15 28 33 6 10 9 8 14
b) microbial cells 4 6 29 2 3 9 6 8
c) other - 1 4 4 - 2 3 2
1.5 Other - 1 6 2 2 3 2 2
a) electrotechnologies - 1 5 2 2 2 - 1
b) microencapsulation - - 1 - - 1 2 1
c) other - - 1 1 - 1 - 1
2. PROCESS CONTROL 46 58 71 40 67 54 63 56
a) automated sensor-based
equipment for inspection/testing 17 19 31 16 31 19 28 22
b) automated statistical process
control 1 12 21 12 19 12 13 14
¢) machine vision 6 10 10 9 27 5 8 9
d) bar coding " 9 23 17 25 30 18 19
e) programmable logic controllers 29 37 62 12 49 29 49 36
f) computerized process control 22 46 56 19 35 24 31 32
g) other 3 3 1 1 2 3 1 2
3. QUALITY CONTROL 22 41 69 46 44 44 52 44
3.1 Process testing 14 20 63 18 32 31 37 29
a) chromatography 2 6 9 - 6 4 12 6
b) monoclonal antibodies - 1 9 2 6 4 3 3
c) DNA probes 1 1 2 1 2 1 - 1
d) rapid testing techniques 10 18 56 14 26 26 30 24
e) other 3 - 2 3 3 3 5 3
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Table A9.1: Incidence of Individual Advanced Technology Use by Industry — (Continued)

Technology Bakery Cereal Dairy Fish Fruit and Meat Other All
Vegetables
percentage of establishments
3.2 laboratory testing " 29 34 26 21 25 28 25
a) automated 4 14 25 8 10 14 18 13
b) other 7 18 10 20 14 15 13 14
3.3 Simulation 6 7 9 12 12 5 5 7
a) mathematical modelling
of quality or safety 5 6 8 " 12 5 5 7
b) other 1 1 1 1 - - - 1
4. INVENTORY AND DISTRIBUTION 31 28 36 32 39 52 49 39
a) bar coding 28 16 32 28 35 48 43 34
b) automated product handling 6 15 " 7 17 10 12 1"
c) other - 1 3 3 2 2 3 2
5. MANAGEMENT AND INFORMATION
SYSTEMS AND
COMMUNICATIONS 54 n 67 50 64 55 75 62
a) local area network 36 51 45 27 51 38 55 43
b) wide area network 19 20 30 1 23 15 29 20
c) inter-company computer networks 30 44 49 28 38 36 40 37
d) Internet— marketing and promotion 19 29 23 29 26 27 35 27
e) Internet—other 13 31 25 30 23 19 42 27
f) other 1 4 - 1 3 2 1 1
6. MATERIALS PREPARATION AND
HANDLING 27 43 33 26 34 26 31 31
a) integrated electronically
controlled machinery 13 12 8 8 8 9 " 10
b) individual electronically controlled
non-integrated machinery 8 10 14 10 11 10 11 10
c) electronic detection of machinery
failure 16 39 26 20 27 18 21 23
d) other - - 1 - 1 1 - -
7. PRE-PROCESSING ACTIVITIES 13 42 55 36 39 38 38 36
7.1 Raw product quality enhancement 3 13 3 5 - 14 3 6
a) animal stress reduction - - - 2 - 14 1 3
b) bran removal before milling 2 8 - - - - 2 2
c) micro component separation 1 3 3 - - - 1 1
d) other 1 2 - 3 - - - 1
7.2 Raw product quality assessment 12 37 54 34 39 32 38 34
a) electronic or ultrasonic grading 1 4 5 6 7 6 1 4
b) collagen, colour or PSE probe 1 2 - 6 2 6 4 3
c) near infra-red analysis 1 19 30 1 1 4 10 9
d) colour assessment or sorting 6 19 10 20 30 17 20 17
e) electromechanical defect sorting 1 3 4 4 12 3 5 4
f) rapid testing techniques 5 16 50 9 18 25 21 19
g) other 3 4 4 5 1 1 1 3
8. PACKAGING 38 32 67 43 59 56 65 51
8.1 Equipment 27 23 49 29 50 29 47 35
a) non-integrated electronically
controlled packaging machinery 23 20 43 26 38 26 36 29
b) integrated electronically controlled
packaging machinery " " 21 9 21 10 24 15
8.2 Preservation " 2 29 14 18 39 15 18
a) modified atmosphere " 2 29 14 18 39 15 18
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Table A9.1: Incidence of Individual Advanced Technology Use by Industry — (Concluded)

Technology Bakery Cereal Dairy Fish Fruit and Meat Other All
Vegetables
percentage of establishments
8.3 Advanced materials 16 23 44 25 28 35 49 32
a) laminates 7 8 30 12 17 24 28 18
b) active packaging 5 1 4 10 8 3 7 5
c) multi-layer 9 21 36 12 22 26 32 22
8.4 Other - - - - - - - -
9. DESIGN AND ENGINEERING 11 22 23 15 26 22 23 20
a) CAD and/or CAE 9 19 22 15 24 19 20 18
b) CAD/CAM 3 8 4 4 7 5 6 5
c) computer aided simulation and
prototypes - 3 2 2 4 1 7 3
d) digital representation of CAD
output used in procurement - 2 1 1 - 1 3 2
e) other 1 - 2 - - 1 - 1
Table A9.2: Incidence of Individual Advanced Technology Use by Size Group
Employment Size Group
Technology
10-19 20-49 50-99 100 - 249 250+ All
percentage of establishments
1. PROCESSING 50 59 67 61 88 62
1.1 Thermal preservation 20 21 27 25 48 26
a) aseptic processing 7 9 16 15 37 14
b) retortable flexible packages 8 6 8 12 1" 9
c) infra-red heating 1 2 2 4 6 3
d) ohmic heating 1 1 1 1 - 1
e) microwave heating 4 2 4 3 9 4
f) other 5 5 5 1 12 5
1.2 Non-thermal preservation 26 38 39 43 65 39
a) chemical antimicrobials 1 15 15 17 31 16
b) ultrasonic techniques - 1 2 3 5 2
c) high pressure sterilization 6 10 " 9 " 9
d) deep chilling 17 22 26 28 46 25
e) other 1 3 2 7 4 3
1.3 Separation, concentration and water removal 21 21 35 30 50 30
a) membrane process 2 4 8 5 14 5
b) filter technologies 12 9 15 16 32 15
c) centrifugation 5 1 13 10 24 10
d) ion exchange 2 1 3 3 7 3
e) vacuum microwave drying 1 1 - 3 4 1
f) water activity control 12 14 18 15 28 16
g) other - 2 1 2 - 1
1.4 Additives or ingredients 18 16 22 15 32 19
a) bio-ingredients 12 14 14 12 24 14
b) microbial cells 6 6 10 1 12 8
c) other 2 1 3 1 2 2
1.5 Other 2 2 1 1 6 2
a) electrotechnologies 1 1 1 1 5 1
b) microencapsulation 1 1 - - 1 1
c) other 1 - - - 2 1
2. PROCESS CONTROL 34 45 67 74 86 56
a) automated sensor-based
equipment for inspection/testing 10 12 27 38 37 22
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Table A9.2 : Incidence of Individual Advanced Technology Use by Size Group — (Continued)

Functional area

Employment Size Group

10-19 20-49 50-99 100 - 249 250+ All
percentage of establishments
b) automated statistical process
control 4 6 16 21 38 14
¢) machine vision 6 1 10 12 16 9
d) bar coding 7 14 16 26 49 19
e) programmable logic controllers 16 24 49 48 70 36
f) computerized process control 13 24 37 47 60 32
g) other 1 3 2 2 4 2
3. QUALITY CONTROL 21 40 44 57 12 44
3.1 Process testing 13 22 34 39 55 29
a) chromatography 3 3 5 8 13 6
b) monoclonal antibodies 1 2 3 1 14 3
c) DNA probes 1 - 1 2 3 1
d) rapid testing techniques 10 18 31 33 45 24
e) other 1 6 3 3 1 3
3.2 Laboratory testing 19 23 22 34 30 25
a) automated 10 8 14 18 19 13
b) other 1" 17 10 19 12 14
3.3 Simulation 4 6 7 12 " 7
a) math modelling of quality or safety 4 5 6 " " i
b) other - 1 1 1 - 1
4. INVENTORY AND DISTRIBUTION 30 31 43 43 69 39
a) bar coding 25 27 35 37 66 34
b) automated product handling 6 7 13 13 24 "
c) other 2 2 2 1 1 2
5. MANAGEMENT AND INFORMATION SYSTEMS
AND COMMUNICATIONS 43 56 64 78 91 62
a) local area network 24 38 46 53 75 43
b) wide area network 7 12 18 30 61 20
c) inter-company computer networks 18 21 42 52 74 37
d) Internet—marketing and promotion 15 23 25 40 48 21
e) Internet—other 18 25 26 35 39 27
f) other 2 - 3 2 3 1
6. MATERIALS PREPARATION AND HANDLING 20 21 39 35 60 31
a) integrated electronically
controlled machinery 3 8 16 15 15 10
b) individual electronically controlled
non-integrated machinery 8 6 9 13 21 10
c) electronic detection of machinery
failure 13 15 28 29 46 23
d) other - 1 - - 1 -
7. PRE-PROCESSING ACTIVITIES 20 33 36 47 61 36
7.1 Raw product quality enhancement 5 6 6 i 12 6
a) animal stress reduction 3 2 3 2 9 3
b) bran removal before milling 1 1 1 3 3 2
c) micro component separation - 1 1 2 3 1
d) other 1 2 - 1 - 1
7.2 Raw product quality assessment 18 29 35 44 59 34
a) electronic or ultrasonic grading 2 2 3 6 " 4
b) collagen, colour or PSE probe - 2 5 4 9 3
c) near infra-red analysis 5 4 10 10 24 9
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Table A9.2 : Incidence of Individual Advanced Technology Use by Size Group — (Concluded)

Functional area

Employment Size Group

10-19 20-49 50-99 100 - 249 250+ All
percentage of establishments
d) colour assessment or sorting 9 13 18 22 33 17
e) electromechanical defect sorting - 2 2 7 15 4
f) rapid testing techniques 8 15 22 24 44 19
g) other 1 3 2 4 3 3
8. PACKAGING 35 43 51 66 82 51
8.1 Equipment 21 25 37 48 65 35
a) non-integrated electronically
controlled packaging machinery 15 21 32 40 58 29
b) integrated electronically controlled
packaging machinery 9 6 16 22 39 15
8.2 Preservation " 17 18 22 34 18
a) modified atmosphere 1 17 18 22 34 18
8.3 Advanced materials 23 22 33 41 57 32
a) laminates 12 12 16 24 43 18
b) active packaging 5 3 6 9 5 5
c) multi-layer 12 16 24 30 48 22
8.4 Other - - - - - -
9. DESIGN AND ENGINEERING i 1 21 30 66 20
a) CAD and/or CAE 6 6 18 217 60 18
b) CAD or CAM 2 3 2 1" 14 5
c¢) computer aided simulation and
prototypes 2 1 2 6 9 3
d) digital representation of CAD output 1 - 1 2 9 2
e) other 1 - 1 - 3 1
Table A9.3: Incidence of Individual Advanced Technology Use by Country of Control
Technology Canada Foreign All
percentage of establishments
1. PROCESSING 62 62 62
1.1 Thermal preservation 25 27 26
a) aseptic processing 14 14 14
b) retortable flexible packages 9 4 9
c) infra-red heating 3 3 3
d) ohmic heating 1 2 1
e) microwave heating 4 5 4
f) other 5 6 5
1.2 Non-thermal preservation 40 29 39
a) chemical antimicrobials 16 17 16
b) ultrasonic techniques 1 4 2
c) high pressure sterilization 10 3 9
d) deep chilling 21 1" 25
e) other 3 4 3
1.3 Separation, concentration and water removal 29 37 30
a) membrane process 5 6 5
b) filter technologies 14 22 15
c) centrifugation 10 12 10
d) ion exchange 2 7 3
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Table A9.3: Incidence of Individual Advanced Technology Use by Country of Control —
(Continued)

Technology Canada Foreign All
percentage of establishments
e) vacuum microwave drying 1 - 1
f) water activity control 16 20 16
g) other 1 2 1
1.4 Additives or ingredients 19 19 19
a) bio-ingredients 14 15 14
b) microbial cells 8 4 8
c) other 2 2 2
1.5 Other 2 1 2
a) electrotechnologies 2 - 1
b) microencapsulation - 1 1
c) other 1 1
2. PROCESS CONTROL 52 86 56
a) automated sensor-based equipment for
inspection/testing 21 33 22
b) automated statistical process control 1 33 14
¢) machine vision 9 13 9
d) bar coding 18 22 19
e) programmable logic controllers 31 71 36
f) computerized process control 28 60 32
g) other 2 - 2
3. QUALITY CONTROL 42 61 44
3.1 Process testing 26 55 29
a) chromatography 4 18 6
b) monoclonal antibodies 3 5 3
c) DNA probes 1 2 1
d) rapid testing techniques 22 44 24
e) other 3 6 3
3.2 laboratory testing 24 29 25
a) automated 12 20 13
b) other 14 12 14
3.3 Simulation 7 8 7
a) mathematical modelling of quality or safety 7 7 7
b) other - 1 1
4. INVENTORY AND DISTRIBUTION 38 45 39
a) bar coding 34 34 34
b) automated product handling 10 16 "
c) other 2 3 2
5. MANAGEMENT AND INFORMATION SYSTEMS
AND COMMUNICATIONS 59 91 62
a) local area network 39 Al 43
b) wide area network 17 44 20
c) inter-company computer networks 33 70 37
d) Internet—marketing and promotion 27 29 27
e) Internet—other 26 34 27
f) other 1 7 1
6. MATERIALS PREPARATION
AND HANDLING 29 50 31
a) integrated electronically controlled packaging
machinery 10 12 10
b) individual electronically controlled
non-integrated machinery 9 19 10
c¢) electronic detection of failure 20 43 23
d) other - 1 -
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Table A9.3: Incidence of Individual Advanced Technology Use by Country of Control —

(Continued)
Technology Canada Foreign All
percentage of establishments
7. PRE-PROCESSING ACTIVITIES 33 63 36
7.1 Raw product quality enhancement 6 9 6
a) animal stress reduction 3 3 3
b) bran removal before milling 1 5 2
¢) micro component separation 1 2 1
d) other 1 - 1
7.2 Raw product quality assessment 30 61 34
a) electronic or ultrasonic grading 4 3 4
b) collagen, colour or PSE probe 3 2 3
c¢) near infra-red analysis 5 34 9
d) colour assessment or sorting 15 29 17
e) electromechanical defect sorting 3 11 4
f) rapid-testing techniques 17 34 19
g) other 2 3 3
8. PACKAGING 49 68 51
8.1 Equipment 32 57 35
a) non-integrated electronically controlled
packaging machiney 21 46 29
b) integrated electronically controlled packaging
machinery 13 30 15
8.2 Preservation 19 14 18
a) modified atmosphere 19 14 18
8.3 Advanced materials 30 49 32
a) laminates 17 25 18
b) active packaging 5 5 5
¢) multi-layer 20 42 22
8.4 Other - - -
9. DESIGN AND ENGINEERING 17 43 20
a) CAD and/or CAE 15 39 18
b) CAD or CAM 5 5 5
¢) computer-aided simulation and
prototypes 3 6 3
d) digital representation of CAD output 1 4 2

e) other
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Table A9.4: Incidence of Advanced Technology Use by Stage of Processing

Type of processing

Technology Primary Primary Secondary All
and secondary only only

percentage of establishments

PROCESSING 65 55 59 62
Thermal preservation 28 16 21 26
Non-thermal preservation 42 34 37 39
Separation, concentration and

water removal 34 29 22 30
Additives or ingredients 19 16 20 19
Other 3 2 1 2

PROCESS CONTROL 59 49 60 56

QUALITY CONTROL a4 31 33 44
Process testing 31 24 27 29
Laboratory testing 16 12 9 25
Simulation 7 6 8 7

INVENTORY AND DISTRIBUTION 43 32 40 39

MANAGEMENT AND INFORMATION
SYSTEMS AND COMMUNICATIONS 67 54 69 62

MATERIALS PREPARATION AND HANDLING 37 24 31 31

PRE-PROCESSING ACTIVITIES 40 30 33 36
Enhancement 9 5 1 6
Assessment 37 28 33 34

PACKAGING 58 42 54 51
Equipment 42 26 38 35
Preservation 20 18 16 18
Advanced materials 40 20 37 32

DESIGN AND ENGINEERING 26 12 22 20
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Chapter 10 - Effects of Advanced Technology Adoption

The previous chapter has outlined the areas in which
advanced technologies have found their greatest use.
This chapter focuses on where they have their great-
est economic impact. In addition, it compares the
relative rankings derived from the economic impact
of different technologies to the relative rankings de-
rived from their intensity of use. Finding that patterns
of use broadly conform to economic impact would
confirm that usage responds to existing economic
incentives. If it has not done so, we have evidence of
a possible disequilibrium, where use does not corre-
spond to perceived benefits. The chapter also exam-
ines the extent to which economic impact varies
across firm types (by size and by nationality of con-
trol). Since technology use is often less in smaller
plants, it is important to know whether smaller plants
find the new technologies to be less effective.

The economic benefits of technology use range from
quality enhancement to cost reduction. The ultimate
decision to adopt new technologies probably does
not rest on one specific effect but on the combined
effect of a number of influences. Therefore, we fo-
cus here on both the general impact as well as the
specific effects of technology use. The chapter also
links effects to plant characteristics and technology
use through multivariate analysis. By doing so, we
identify which technologies are having the greatest
economic impact.

10.1 Technology, Productivity and

Economic Growth

Technology use is seen to be associated with greater
productivity growth and greater competitiveness.
Traditional economic growth models consider the
roles of research and development, innovation and
growth in a more or less linear, cause—effect relation-
ship. Newer models focus more on the interactions
among them (McFetridge 1995; Gibbons 1995; Fortin
and Helpman 1995).2° The relationship between tech-
nology use and productivity growth has been dem-
onstrated for the manufacturing sector by Baldwin,
Diverty and Sabourin (1995).

New products and services such as computers, mi-
crowave ovens and fresher tasting processed foods

are obvious examples of the contribution made by
new technologies to economic welfare. Productivity
gains are apparent in reduced costs and changed
employment patterns. As indicated, output per
worker has increased in the food-processing sector
by about 1% per year since 1980. Changes in output
per worker are caused by increases in capital per
worker, better management practices, and improve-
ments in technology. The latter are subsumed in
multifactor productivity measures.

The contribution of technological change to produc-
tivity growth is difficult to assess using aggregate
data. Labour productivity is a function of the capital
stock and other variables, as well as technology.
While crude measures of capital stock are available
and can be incorporated into multifactor productiv-
ity measures, they do not allow for nuances in the
type of technology that is embedded in the capital
stock.

Technological change can be measured at the indus-
try level when data are available on the amount in-
vested in a specific new technology. For example, an
econometric analysis of capital investment and pro-
ductivity in the U.S. food and kindred products in-
dustry (U.S. SIC 20) used investment in office and
information technology equipment to represent ad-
vanced technology use and found that the increased
use of high technology capital (as measured by this
variable) reduced costs, stimulated investment in
other equipment and structures, and reinforced the
positive effect of disembodied technical change on
productivity (Morrison 1997).

This study found that an increase in high technology
relative to other capital components led to larger
capital and energy shares, less labour and no change
in material inputs—effects that appeared to
strengthen over time. The effect of high-technology
capital on productivity growth in terms of the value
of shipments was fairly small, while its effect on pro-
ductivity in terms of value added was relatively large.
This follows from the fact that raw material (farm)
inputs are the major cost component and their use
has been increasing because of a combination of
scale effects and relative price changes.

20 See Gibbons (1995) for a comprehensive bibliography on the role of technology in the economy.
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Another way to assess the contribution of new tech-
nology to productivity and to other performance cri-
teria is to obtain information on the use of such
technologies and their effects directly from the in-
dustry. Statistics Canada used this approach in its
1993 Survey of Innovation and Advanced Technol-
ogy in Canadian Manufacturing (Baldwin, Sabourin
and Rafiquzzaman 1996). Reported benefits of adopt-
ing computer-based technologies, which also applied
broadly to the food industry, included increased pro-
ductivity because of lower labour costs, reduced
material consumption and increased equipment uti-
lization rates. The main intangible effect was im-
proved product quality.

The same approach is used in this study. The next
section discusses the way plant managers evaluate
the general economic impact of new technologies
on their operations. Following this, we turn to spe-
cific effects on selected aspects of those operations
that arise from advanced technology use.

10.2 Economic Impact

An overview of economic impact is provided by the
rating that managers of food-processing plants gave
to the effects of introducing advanced technologies
in each of nine separate functional areas in the five
years prior to the survey. These responses provide a
broad indicator of how new technologies have influ-
enced the economic performance of plants and hence
industries in each of the nine functional areas. Al-
though the rating scale used was 1 (minor impact) to

5 (major impact), we combine these in Table 10A
using a three-point scale of low (1 or 2), medium (3)
and high (4 or 5) to show the percentage of plants
using at least one of the advanced technologies in
each functional area that reported a minor, medium
or major impact.

The results show that advanced technologies are
perceived to have had a substantial economic effect
across all functional areas. In eight of the nine areas,
substantially more managers see a large economic
impact than a small one (Table 10A), however the
impact varies by functional area. The area of great-
est impact is quality control, which is rated a 4 or 5
by 58% of plants. This is in keeping with the strong
emphasis given by firms to a strategy that empha-
sizes quality. It is followed by processing, process
control, and management systems and communica-
tions, with 46% to 47% of plants rating them as hav-
ing a major impact. Materials preparation and
handling and pre-processing have the lowest eco-
nomic impact ratings; pre-processing is the only area
in which more managers report a low rather than high
impact.

Since a prime motivation for adopting a new tech-
nology is its economic impact on plant operations,
the anticipated economic impact would be one fac-
tor influencing technology adoption rates. Thus, func-
tional areas where the economic impact has been
the greatest would be expected, other things being
equal, to be the same as the ones with relatively high
rates of new technology adoption.

Table 10A: Economic Impact of Advanced Technologies Introduced in Last Five Years

Functional area Significance

Low Medium High N.A.

percentage of establishments’

Processing " 21 46 22
Process control 14 25 47 14
Quality control 1" 22 58 10
Inventory and distribution 16 24 43 17
Management systems and communications 9 24 46 20
Materials preparation and handling 17 30 31 21
Pre-processing activities 29 26 19 26
Packaging 12 28 44 15
Design and engineering 21 31 40 8

@ Establishments making the rating as a percentage of those using at least one advanced technology in the

respective area.
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For the most part, the more highly rated technolo-
gies tend to be the ones that are most widely used.
For example, processing, process control, and man-
agement systems and communications are near the
top in both economic impact and adoption rate (that
is, the percentage of plants using at least one of these
advanced technologies, Table 10B). The main excep-
tion is quality control technology, which is first in
economic impact and fifth in adoption rate. One might
expect that the technology with the greatest impact
would be the one most utilized. As this is not the
case here, it could be that the decision to adopt is
not based solely on the expected impact of these
technologies or, it could be that quality control can
be achieved through the use of technologies other
than those included in the quality control group. For
example, through the use of advanced processing
and processing control technologies. The results of
the regression analysis of the determinants of tech-
nology use strongly support this latter view. Here we
found that quality practices have a strong impact on
the rate of technology adoption in a number of dif-
ferent areas.

Evaluations of the importance of the economic ef-
fects of advanced technologies differ by industry.
Table 10B provides the percentage of establishments
rating a functional technology as having a major im-
pact by industry breakdown. Given the dairy
industry’s high use of advanced technologies, it is
perhaps not surprising that a greater percentage of
managers in this industry rated the economic impact
as major in most areas. In addition, managers in the
“other” and meat industries were more likely to per-
ceive that advanced technologies had a major im-
pact, while this was less likely to have been the case

for managers in the bakery industry. Despite these
differences, it should be noted that the variation in
economic impact ratings across industries is less than
the variation in advanced technology usage rates.
Industries that have not yet extensively implemented
advanced technologies nevertheless have experi-
enced relatively substantial effects from the few that
they have introduced to the production process.

Given the relatively high adoption rates of new tech-
nologies by larger establishments, it might be ex-
pected that they would also be more inclined to rate
the economic impact of their advanced technologies
as higher. This is indeed the case for processing tech-
nologies, management systems and communica-
tions, packaging, and for inventory and distribution
(Table 10C).

On the other hand, finding differences in incidence
of use by size class, but no differences in the impor-
tance attributed to the technology suggests that dif-
ferences in usage must then be attributed to another
factor, such as the applicability of the technology or
to differential costs.

In many cases, ratings of the economic importance
of advanced technologies are not related to size (for
example, quality control, materials preparation and
handling, pre-processing, design and engineering)
(Table 10C).

There are only small differences in the ratings of eco-
nomic impact given by managers of Canadian- and
foreign-controlled plants. The largest differences are
the higher ratings given to the areas of management
systems and communications and inventory and

Table 10B: Major Economic Impact of Advanced Technologies Introduced in the Last Five Years by Functional Area

Functional area Bakery Cereal Dairy Fish Fruit and Meat Other All
Vegetables
percentage of establishments rating impact as high

Processing 29 39 56 48 49 43 55 46
Process control 37 51 56 34 48 47 48 47
Quality control 37 50 46 66 52 68 66 58
Inventory and distribution 28 44 52 38 38 46 48 43
Management systems and

communications 46 47 50 33 32 52 53 46
Materials preparation and handling 24 33 57 18 29 36 25 31
Pre-processing activities 7 14 26 18 24 17 20 19
Packaging 33 19 38 22 37 49 46 37
Design and engineering 48 34 52 35 49 28 42 39
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Table 10C: Major Economic Impact of Advanced Technologies by Size of Establishment

Employment Size Group

Functional area

10-19 20-49 50-99 100 - 249 250+ All
percentage of establishments rating impact as high

Processing 28 37 42 63 70 46
Process control 36 45 51 51 47 47
Quality control 55 63 47 63 60 58
Inventory and distribution 29 39 33 52 62 43
Management systems and communications 38 45 36 53 62 46
Materials preparation and handling 35 30 26 31 34 31
Pre-processing activities 14 24 15 14 25 19
Packaging 22 21 37 47 53 37
Design and engineering 50 48 21 42 43 39

distribution by foreign-controlled plants, and the rela-
tively higher ratings given to pre-processing activi-
ties by Canadian-controlled plants (Table 10D). These
are differences that are also strongly related to size.

Table 10D: Major Economic Impact of Advanced
Technologies Introduced by Country of Control

Al

percentage of establishments
rating impact as high

Functional area Canada Foreign

Processing 46 46 46
Process control 46 52 47
Quality control 58 55 58
Inventory and distribution 41 56 43
Management systems

and communications 44 57 46
Materials preparation and handling 31 31 31
Pre-processing activities 20 12 19
Packaging 36 40 37
Design and engineering 39 42 39

10.3 The Relationship of
Economic Impact to Plant
Characteristics

10.3.1 Introduction

In the previous section, we have shown that the eco-
nomic impact of the use of advanced technologies is
related to the use of technologies and other plant
characteristics such as size and nationality of
ownership. But the particular effects of variables such
as plant size need to be separated from others such
as foreign ownership. In this section, we explore this
issue in a more rigorous fashion through the use of
multivariate analysis.

Using multivariate regression, we examine differ-
ences in the characteristics associated with the eco-
nomic impact attributed to the use of advanced
technology. We want to determine whether the im-
pact was greater in establishments that used more
technologies, and whether certain other characteris-
tics were also related to the economic impact regis-
tered. We examine the characteristics, such as plant
size, nationality and industry, which were each
investigated separately in the previous section;
however, we extend these to include other charac-
teristics like volume and batch operations which have
been shown to influence technology use and which
may have a separate effect on economic impact. In
addition, we ask if certain complementary activities
enhance the impact of technology use. Technologies
do not existin a vacuum. Introducing new equipment
into a plant may require the reorganization of the
plant. The impact may be enhanced by the imple-
mentation of certain business practices. In addition,
it may be that an R&D unit is critical to a plant’s abil-
ity to ingest new technologies. Therefore, we exam-
ine the effect of certain plant characteristics,
technology use, and business practices on the eco-
nomic impact that managers report that they re-
ceived. This is done for each of the functional areas.

10.3.2 The multivariate equation

We use the following multivariate equation to inves-
tigate these issues:

IMPACT =« +OL1*SIZE + a,*NuTecH + o, *PropTYPE
+ o, *PracTices + o, *R&D + o *OwNERSHIP
+ o, *Vowme + o *BATcH + o, *INDUSTRY
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10.3.3 Dependent variable

ImpACT, the dependent variable, is a binary dependent
variable that distinguishes establishments reporting
a large economic impact from those not reporting a
large economic impact. The dependent variable used
for this regression is based on plant managers’ evalu-
ations of economic impact. Respondents were asked
to rate, on a scale of one to five, by functional area,
the economic impact of the introduction of an ad-
vanced technology into their plant. The dependent
variable takes a value of 1 if the respondent scored a
4 or 5 (major impact), and it takes a value of 0 other-
wise. Only those establishments using a functional
technology are included in the regressions for that
functional technology.

10.3.4 Explanatory variables

Size is the employment size of an establishment, while
ProbTYPE measures the production activity of the es-
tablishment—primary processing, secondary pro-
cessing or both. NutecH measures the intensity of
advanced technology use. PracTices refers to the busi-
ness practices used by the firm. R&D measures
whether a firm engages in R&D activity. OWNERSHIP
indicates the nationality of ownership of the estab-
lishment. Vorume is included to measure whether an
establishment is a high-volume producer. BATcH mea-
sures whether a plant’s operations are primarily batch
or continuous. INbusTRY was included to capture in-
dustry effects.

The set of variables used in the regressions, along
with their means and standard deviations, is found
in Table 10E. Except for the technology intensity vari-
able, the explanatory variables have been defined
previously in our multivariate analysis of the deter-
minants of technology use. Included in the means
calculation are those establishments using at least
one advanced technology, of any type. The new vari-
able is:

NuTeECH —is a continuous variable measuring the num-
ber of advanced technologies being used within a
functional group. It varies from functional group to
functional group. For example, for quality control
technologies, it refers to the number of quality con-
trol technologies being used by a plant.

10.3.5 Methodology

Logistic regression is used because the dependent
variable is dichotomous. The results of the weighted
logistic regression are given in Table 10F. Separate

results are provided for each functional area—pro-
cessing, quality control, communications, etc. The
omitted category against which the coefficients are
calculated is a small, domestic, non-R&D performer
that is a primary establishment that does continuous
processing and is in the bakery industry. The prob-
ability estimates are presented in Table 10G.

10.3.6 Empirical results

Technology use is strongly related to the economic
impact. Establishments that use more technologies
within a functional area are more likely to have listed
the economic impact as being large. This effect is
statistically significant for all but processing, distri-
bution and materials handling (Table 10F). Where it
is significant, variations of the numbers of technolo-
gies used over the range of one standard deviation
above and below the means increase the probability
of a significant economic effect by at least 20 per-
centage points, for all but pre-processing technol-
ogy (Table 10G).

Business practices matter as well. In particular, firms
that report having adopted a number of quality-based
practices are more likely to indicate that the economic
impact of the technologies was large in all areas.
These coefficients are significant in seven of the nine
technologies: processing, process control, quality
control, distribution, materials handling, packaging,
and pre-processing. The impact of using these qual-
ity-related practices broadly falls between 10 and 20
percentage points, where the effect is statistically sig-
nificant. Materials and distribution management prac-
tices are found to significantly affect the impact of
communications technologies. Product and process
development practices have less influence on eco-
nomic impact. Thus, practices have a complemen-
tary effect on the advantages of using these
technologies. Technologies require certain organiza-
tional changes to be used effectively.

On the other hand, having an R&D operation does
not enhance the economic impact of the use of ad-
vanced technologies, except in the area of commu-
nications. While considerable stress has been placed
on the importance of R&D facilities, they do not ap-
pear to affect the benefits firms receive from the adop-
tion of advanced technologies. This suggests
technology development is done outside of R&D
units.

Most of the other characteristics are not significantly
related to economic impact. Foreign ownership has
more negative than positive coefficients. Being a
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Table 10E: Summary Statistics for Dependent and Independent Variables for Economic Impact Logistic Regression

Variable Description Means Standard Deviation
1. Dependent variable Functional Technology
IMP_PROC - Processing 0.42 0.49
IMP_PCNT - Process control 0.38 0.49
IMP_QCNT - Quality control 0.44 0.50
IMP_INV - Inventory and distribution 0.30 0.46
IMP_COM - Management and information systems and
communication 0.37 0.48
IMP_HAND - Materials preparation handling 0.25 0.43
IMP_PRE - Pre-processing 0.17 0.38
IMP_PACK - Packaging 0.33 0.47
IMP_DESN - Design and engineering 0.16 0.37
2. Plant characteristics
Establishment Size Employment size
ESTSIZE1 - 10-19 employees 0.22 0.4
ESTSIZE2 - 20-49 employees 0.27 0.45
ESTSIZE3 - 50-99 employees 0.20 0.40
ESTSIZE4 - 100-249 employees 0.19 0.39
ESTSIZE5 — 250 or more employees 0.1 0.32
Production Type Processing activity
PRODTYP1 - primary processing 0.37 0.48
PRODTYP2 - secondary processing 0.23 0.42
PRODTYP3 - both primary and secondary 0.40 0.49
Technology Use Technological intensity
NU_PROC - number of processing technologies used 1.83 2.24
NU_PCNT - number of process control technologies used 1.53 1.58
NU_QCNT - number of quality control technologies used 0.63 0.89
NU_INV - number of inventory technologies used 0.51 0.63
NU_COM - number of management and information systems and
communication technologies used 1.80 1.55
NU_HAND - number of materials handling technologies used 0.51 0.77
NU_PRE - number of pre-processing technologies used 0.73 1.01
NU_PACK - number of packaging technologies used 1.27 1.42
NU_DESN - number of design and engineering technologies used 0.32 0.67
Ownership Country of control
FOREIGN - foreign owned 0.12 0.33
3. Plant activities
Business Practices Business practices
PRACT A - product quality practices 5.1 1.97
PRACT B - management practices 2.67 2.19
PRACT C - product and process development practices 2.48 2.39
R&D R&D activity
RADDOER - R&D performer 0.64 0.48
Volume of Products High-volume products
VOLUME - percentage of shipments that are high-volume
products 63.9 28.5
Type of Operation Type of operation
BATCH - batch versus continuous 0.49 0.50
4. Industry characteristics
IND_BAKE Bakery 0.14 0.35
IND_CERE Cereals 0.15 0.36
IND_DAIR Dairy products 0.1 0.31
IND_FISH Fish products 0.14 0.35
IND_VEGG Fruit and vegetables 0.08 0.27
IND_MEAT Meat 0.17 0.38
IND_OTHR Other food products 0.20 0.40

Note: Means and standard deviations refer to the population estimates of technology users.
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high-volume producer is not significantly related to
the impact derived from the use of advanced tech-
nologies. Combining primary and secondary activity
is not significantly related to the impact. These char-
acteristics affect technology use, as we have seen in
the last chapter; but once technology use is included
in the regression, they have no additional effect on
overall economic impact.

It is, however, the case that batch operators are sig-
nificantly less likely to report a major economic im-
pact from the use of advanced technologies. As we
have shown previously, this form of production en-
vironment leads to the adoption of fewer advanced
technologies; moreover, even when the number of
advanced technologies that are adopted by batch op-
erators are taken into account, these technologies
have less of an economic impact in batch plants.

The same story on size emerges from the simpler
bivariate tabulations reported in the previous section.
There are few technologies where the effect of size
is significantly related to the impact that plant man-
agers associate with the adoption of that technology.
The one exception is processing.

The major industry story is associated with process-
ing, quality control and communications technolo-
gies. The cereal, dairy and “other” industries report
a significantly higher impact from processing tech-
nologies. The meat and fish industries report a sig-
nificantly higher impact from quality control
technologies, while the fruit and vegetable and fish
industries report a lower than average impact in com-
munications technologies.

10.4 Specific Effects of

Technology Use

In addition to evaluating the overall economic effect
of new technologies used in their plant, managers
were asked to assess the impact of these technolo-
gies on specific dimensions of productivity gains,
product improvement, plant organization, and the
ability to meet regulatory requirements. They were
also asked about the effects on raw material and
labour requirements. Their evaluations indicate the
degree to which the use of these technologies has
contributed to the success of their business strate-
gies.

10.4.1 Productivity improvement

As discussed earlier, new technologies might be ex-
pected to result in the use of less labour, capital or

materials per unit of output. Each of these three
dimensions of productivity affect unit costs, and all
three are considered important by the food industry.
In particular, 58% of plants give increased labour pro-
ductivity a rating of 4 or 5 on the five-point scale,
that s, they rate it as being of major importance, while
about 42% do so for the productivity of capital and
materials (Table 10H).

In addition, reduced set-up time contributes to im-
proved labour and capital productivity. It also allows
a faster response to new orders. Forty-five percent
of plants consider reduced set-up time to be a very
important benefit of new technologies.

One benefit of new technologies in areas such as
process control is a lower product rejection rate. This
was identified as very important—a score of 4 or 5—
by 53% of plants; lower product rejection rates lead
to more consistent quality and less waste, and hence
contribute to both quality and productivity goals.

10.4.2 Changes in plant
organization

Other specific outcomes associated with the adop-
tion of advanced technologies involve changes in
plant organization. Such changes might include the
rationalization of product lines among a firm's plants,
increases or decreases in plant size, and more, or
fewer, product lines. Some of these changes also af-
fect a plant’s ability to switch among product lines.

Plant managers are about equally divided in their rat-
ings of the effect of new technologies on product-
line rationalization among plants. With respect to the
effect of advanced technologies on plant size, some
42% do not see smaller plants as a particularly im-
portant result, while 11% do. Although somewhat
divided, they lean to the view that larger size plants
will be the result; 25% believe that this effect is of
low importance and nearly 29% believe that larger
plants are a very important result. Advanced tech-
nology use has a strong positive relationship to plant
size and, on balance, the industry sees new technolo-
gies as a factor leading to larger plant size.

There is stronger agreement among managers that
new technologies contribute to more product lines
in the plant. Forty-two percent believe that this is a
very important effect. This may be one reason why a
large number (60%) believe that increased produc-
tion flexibility is a very important result of adopting
new technology.
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Table 10F: Logistic Regression Results for Economic Impact Variable

Variable Processing Process Quality Inventory Management Materials Pre- Packaging Design and
control control and systems and prepara-  processing engineering
distribution communi- tion and
cations handling
INTERCEPT -2.876%** -2.567*** -1.967%** -2.348%** -1.459%** -2.164%** -4.624%** -2.190%** -1.501***
Plant Characteristics
Establishment Size
ESTSIZE2 0.296 0.140 0.345 0.539 -0.034 -0.498 1.026 -0.133 0.203
ESTSIZE3 0.540 0.266 -0.443 0.159 -0.554 -0.722 -0.090 -0.115 -0.952
ESTSIZE4 1.252%** -0.021 0.004 0.793 0.198 -0.712 -0.371 0.250 -0.392
ESTSIZES 1.119%* -0.760 -0.229 0.822 0.073 -0.668 0.257 0.452 -0.377
Technological Intensity
NU_PROC 0.104 - - - - - - - -
NU_PCNT - 0.370*** - - - - - - -
NU_QCNT - - 0.534*** - - - - - -
NU_INV - - - 0.065 - - - - -
NU_COM - - - - 0.304*** - - - -
NU_HAND - - - - - 0.021 - - -
NU_PRE - - - - - - 0.472%** - -
NU_PACK - - - - - - - 0.442%** -
NU_DESN - - - - - - - - 1.146%%*
Ownership
FOREIGN -0.598** 0.195 -0.126 -0.049 0.592** -0.289 -1.240%* -0.384 0.817**
Production Type
PRODTYP2 0.142 -0.195 -0.452 -0.023 -0.002 0.407 0.309 0.108 0.182
PRODTYP3 0.230 0.244 0.007 -0.051 0.399 0.349 -0.168 0.448* 0.031
Volume of Products
VOLUME 0.003 0.007 0.002 -0.006 -0.002 0.001 0.003 0.000 0.001
Type of Operation
BATCH -0.504** -0.922*** 0.146 -0.637** -0.430** -0.894** -0.673 -0.436* -0.866**
Plant Activities
Business Practices
PRACT_A 0.132* 0.145*% 0.156* 0.159* 0.054 0.290** 0.266** 0.147* 0.086
PRACT B -0.030 0.050 0.019 0.134 0.115* 0.154 -0.119 -0.102 0.052
PRACT C 0.201%*** 0.064 -0.038 0.161** 0.043 -0.086 0.115 0.066 -0.101
R & D Performer
RADDOER 0.042 0.000 -0.075 -0.267 0.437* -0.436 -0.925** -0.396 0.140
Industry
IND_CERE 0.937** 0.477 0.381 0.855 -0.295 0.467 1.077 0.550 -0.948
IND_DAIR 0.958** 0.417 0.165 0.822 -0.342** 1.202 1.588 0.190 -0.517
IND_FISH 0.615 -0.071 1.359** 0.355 -0.912** -0.047 1.361 0.335 -0.507
IND_VEGG 0.551 0.032 0.607 -0.101 -1.222%** 0.081 1.482 0.636 0.401
IND_MEAT 0.501 0.461 1.329** 0.792 0.036 0.529 0.939 1.286%** -0.860
IND_OTHR 1.002%** 0.412 0.994* 0.965* -0.190 0.071 1.469 0.534 -0.713
Summary Statistics
N 497 495 328 315 531 280 319 440 200
x 81.5 71.0 21.3 51.4 70.6 37.3 26.7 60.2 31.8
Log Likelihood -281 -296 -204 -180 -321 -153 -133 -264 -115

Note: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level
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Table 10G: Estimated Probability of Economic Impact of Adopting Specific Functional Technologies

Variable Processing Process Quality Inventory Management Materials Pre- Packaging  Design and
control control and systems and prepara- processing engineering
distribution communi- tion and
cations handling
Plant characteristics
Establishment Size
ESTSIZE1 20 31 60 35 45 31 5 45 49
ESTSIZE2 20 31 60 35 45 31 5 45 49
ESTSIZE3 20 31 60 35 45 31 5 45 49
ESTSIZE4 46 31 60 35 45 31 5 45 49
ESTSIZE5 43 31 60 35 45 31 5 45 49
Technological Intensity
NUTECH 27 31 60 35 45 31 5 45 49
MEAN+SD 27 42 69 35 54 31 8 59 67
MEAN-SD 21 21 50 35 36 31 3 32 31
Ownership
FOREIGN 18 31 60 35 57 31 2 45 64
NON-FGN 28 31 60 35 42 31 7 45 44
Production Type
PRODTYP1 27 31 60 35 41 31 5 40 49
PRODTYP2 27 31 60 35 41 31 5 40 49
PRODTYP3 27 31 60 35 51 31 5 51 49
Volume of Products
VOLUME 27 31 60 35 45 31 5 45 49
MEAN+SD 21 35 60 35 45 31 5 45 49
MEAN-SD 27 27 60 35 45 31 5 45 49
Type of Operation
BATCH 22 21 60 27 40 22 5 39 36
NO BATCH 32 40 60 41 50 40 5 50 58
Plant Activities
Business Practices
PRACT_A 27 31 60 35 45 31 5 45 49
MEAN+SD 32 36 66 42 45 43 8 52 49
MEAN-SD 22 25 54 28 45 22 3 38 49
PRACT_B 27 31 60 35 45 31 5 45 49
MEAN+SD 27 31 60 42 51 31 5 45 49
MEAN-SD 27 31 60 28 39 31 5 45 49
PRACT_C 27 31 60 35 45 31 5 45 49
MEAN+SD 38 31 60 45 45 31 5 45 49
MEAN-SD 18 31 60 26 45 31 5 45 49
R & D Performer
RADDOER 27 31 60 35 48 31 4 45 49
NON RADDOER 217 31 60 35 38 31 10 45 49
Industry
IND_BAKE 18 31 44 30 50 29 4 39 49
IND_CERE 36 31 44 30 50 29 4 39 49
IND_DAIR 36 31 44 30 50 57 18 39 49
IND_FISH 18 31 75 30 29 29 4 39 49
IND_VEGG 18 31 44 30 23 29 4 39 49
IND_MEAT 27 31 75 30 50 29 4 70 49
IND_OTHR 37 31 68 52 50 29 4 39 49
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Table 10H: Effects of Advanced Technology: Importance by Type of Effect

Effect Importance
Low Medium High N.A.
percentage of establishments
Productivity improvement
Reduced labour requirements 9 20 58 13
per unit of output
Reduced material consumption 20 24 42 14
per unit of output
Reduced capital (plant and equipment) 16 28 43 13
requirements per unit of output
Reduced set-up time 16 25 45 14
Reduced rejection rate 15 18 53 14
Product improvement
Nutrition 20 23 45 12
Taste or texture or appearance 10 17 62 12
Shelf-life 13 17 59 12
Consumer flexibility or convenience 10 19 60 12
Changes in plant organization
Firm rationalization of product lines 25 29 26 21
among plants
Decreased plant size 42 29 " 18
Increased plant size 25 31 29 15
More product lines 17 27 42 14
Increased production flexibility 9 19 60 12
Higher skill set required 14 31 40 14
Regulatory improvement
Worker health and safety 6 21 64 9
Food safety 6 12 72 10
Environmental protection 8 22 61 9
Food composition 10 23 56 12

10.4.3 Employee skill requirements

New technologies are often perceived to involve
changes in employee skills. Such changes have im-
plications for human resource strategies and plant
organization. While automation can reduce the need
for some skills (such as in process control and qual-
ity testing), the more general result is an increase in
skill requirements (Baldwin, Gray and Johnson 1995).
In the food industry, 40% of managers believe that
the need for a higher skill set is a very important re-
sult of new technology, and 14% believe it is of rela-
tively low importance. However, this is not happening
everywhere. Somewhat more than half of respon-
dents believe that new technologies have had no
effect on these dimensions of employee skill require-
ments (Table 10H).

In terms of changes in the workforce, more manag-
ers (24%) believe that new technologies tend to re-
duce their ability to substitute less skilled for more
skilled personnel than believe the reverse (16%). At

the same time, 37% see new technologies resulting
in a greater need to substitute more skilled for less
skilled personnel; only 9% believe the need has de-
creased (Table 10I). Taken together, this would indi-
cate that the implementation of advanced
technologies in the food-processing sector is increas-
ing skill requirements.

10.4.4 Product improvement

Product quality has at least four dimensions: nutri-
tion; taste, texture or appearance; shelf life; and con-
sumer convenience. The effects of advanced
technologies on the last three are deemed to be of
major importance by some 60% of enterprises. This
is one of the highest percentages of all the effects
examined. The effect on nutrition is deemed to be of
major importance by 45% of plant managers (Table
10H). These ratings are consistent with the empha-
sis on the goal of improved product quality discussed
in the chapters on strategies, practices and technol-
ogy adoption rates.
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10.4.5 Regulatory improvement

As noted in the sections on industry characteristics
and business practices, food safety is basic to all food-
processing operations and is subject to government
regulation. Also, labelling regulations require that
product characteristics such as ingredient and nutri-
ent composition, volume and weight be accurately
reported. In addition, plants must meet regulations
concerning worker health and safety, and environ-
mental protection.

More plants consider an improved ability to meet or
exceed government regulatory requirements to be
of major importance than any other effect of ad-
vanced technology. In particular, 72% do so for im-
proved food safety. The goal of many new
technologies is to improve both safety and quality
(taste, texture and appearance). In addition, 56%
rated an improved ability to meet food compositional
standards to be of major importance.

Sixty-four percent of managers report that an im-
proved ability to meet worker health and safety regu-
lations and environmental protection requirements
are important results of adopting new technologies.
10.4.6 Input requirements

Just as new technologies and practices may allow
plants to better tailor products to consumer demand,
they may also impose additional demands on sup-
pliers of raw products. Possible effects on input or
raw-product demand are a greater need for uniform
and consistent quality, timeliness of delivery and spe-
cific attributes such as composition and size. Related
to these characteristics might be changes in a plant’s
ability to substitute less expensive for more expen-
sive raw materials and in its need to import supplies.

More than 40% of establishments report that using
advanced technologies has resulted in a need for
more uniform and consistent raw-product quality, and
timeliness of delivery (Table 10I). However, almost
all the rest see no effect. Thirty-nine percent indicate
an increased need for specific raw product attributes
such as composition and size, while 59% say there
is no effect on such characteristics. These differences
in ratings would be related to the kinds of raw prod-
ucts and final products produced, as well as the kinds
of new product and process innovations adopted.

While 24% of plant managers believe that new tech-
nologies have increased their ability to substitute less
expensive for more expensive raw products, 70% see

no effect. Eighty-three percent see no change in the
need to import raw products.

10.5 Summary and Conclusions
Advanced technologies are adopted to improve the
economic performance of plants or firms by increas-
ing productivity and producing higher quality prod-
ucts. In the aggregate, they contribute to industry
performance and overall economic welfare.

Plant managers rate the economic impact of new
technologies as highest in quality control, process-
ing, process control and communications. In keep-
ing with the central role given to the strategy involving
quality enhancement, advanced technologies are
assessed as having the greatest importance in the
area of quality control.

For the most part, the technologies that are rated as
having the greatest impact are also the ones that are
the most widely used. It is, therefore, significant that
in some functional areas (such as processing, in-
ventory and distribution), larger plants are more likely
to give high ratings to economic impact than smaller
plants, while in about half the areas (for example,
quality control), there is little or no relationship be-
tween ratings and plant size. In cases such as design
and engineering, materials preparation and handling,
and process control, larger and smaller plants agree
on the effects of new technologies, but a smaller pro-
portion of the small plants use them. This could re-
flect differences in the applicability of the
technologies, or some other factor affecting their use.

Differences in the rankings of economic impact by
country of control are relatively small. This suggests
that foreign/domestic differences in technology use
are not strictly related to differences in applicability
or impact. Rather they must relate to another factor
such as differences in the costs of adopting technolo-
gies.

It is also important to note that there are comple-
mentary business practices that enhance the eco-
nomic impact of technologies. The use of
quality-related business practices is strongly related
to economic impact across a wide range of technolo-
gies. This confirms the contribution that many
different technologies can make to quality improve-
ment—especially when complemented by a set of
business practices aimed at quality enhancement.
Technological and organizational change, at least as
measured by these practices, work hand in hand.
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Table 101: Effect of Advanced Technologies on Selected Input Requirements

Input Use has:

Increased Decreased No effect

% of establishments
Raw materials

Need for uniform and consistent quality 49 3 48
Need for timeliness of delivery 44 3 54
Need for specific attributes (size, composition, etc.) 39 3 59
Ability to substitute less expensive for 24 7 70
more expensive raw materials
Need to substitute imported for domestic " 7 83
raw materials
Labour
Ability to substitute less skilled for more 16 24 59
skilled personnel
Need to substitute more skilled for less 37 9 54
skilled personnel
More specific effects of advanced technology adop- safety is the most important of all. The most signifi-
tion include improvements in productivity, products cant effects on productivity are reduced labour re-
and regulatory compliance. Overall, effects in the quirements per unit of output, and a reduced rejection

areas of product quality improvement and regulatory rate.
compliance have the largest impact. Improved food
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Chapter 11 - Technological Competitiveness

The data presented in the previous chapters provide
an overview of the incidence, intensity and effect of
advanced technology use in the food-processing in-
dustry. They reveal the extent to which Canadian
plants are making use of what is perceived to be an
important input into the manufacturing process.

Information on technology use becomes even more
valuable if there is a metric or standard that can be
applied to determine desirable levels of technology
use. Since technology is seen as critical to Canada’s
competitiveness, we use a measure of technological
competitiveness in this chapter as a reference point
to evaluate levels of technology use.

The competitiveness of nations and firms has gar-
nered much attention lately. Being competitive, at the
domestic and, increasingly more importantly, at the
global level, is important for the development and
growth of firms and nations. A technology strategy
is one of the key elements of a firm's competitive-
ness (Nelson 1986).

The technological competitiveness of a country can
be evaluated in two ways. One is to compare the in-
cidence of technology use across countries, as was
done by McFetridge (1992) in his study of the Cana-
dian and U.S. manufacturing sectors in the late 1980s.
The other is to have plant managers evaluate their
production technology against that of their competi-
tors, both domestic and foreign. Both methods were
followed by Baldwin and Sabourin (1997) in their
study of the Canadian and U.S. manufacturing sec-
tors in the early 1990s. In this study, we focus solely
on the second method, since data on U.S. technol-
ogy use that are comparable to those derived from
our Canadian survey are not available.

The advantage of this approach is twofold. First, it
makes use of the evaluation of managers, who are
experts in the field. Their responses should produce
reliable estimates because, in order to remain in busi-
ness, firms must constantly assess their capabilities
and strategies against those of their immediate com-
petitors, as well as against industry leaders. Baldwin
and Sabourin (1997) successfully used this approach
in a study that compared technology use in Canada
and the United States. Their study, which used both
self-evaluation and technology use data, found that

the technology use data confirmed the self-evalua-
tion data.

Second, a self-evaluation by managers provides a
more comprehensive evaluation of technological
competency than does data on incidence of technol-
ogy use, since it is based on a wide range of techno-
logical characteristics and processes. Comparisons
based solely on technology use, such as whether
Canadian plants are more likely to use advanced ther-
mal preservation technologies, provide only a par-
tial measure of technological competitiveness.
Technological competitiveness involves many dimen-
sions, of which incidence of technology use is but
one. It also involves intensity of use, plant practices
and organization. By asking plant managers to pro-
vide such a comparison, we are relying on their own
understanding of what it takes to be technologically
advanced.

The rest of this section concentrates on the differ-
ences between more and less advanced plants based
on measures of competitiveness. Plant managers
evaluated their production technologies against those
of their most significant competitors both inside and
outside Canada. They did so using a five-point scale:
T—much less competitive; 2—Iless competitive; 3—
about the same; 4—more competitive; and 5—much
more competitive. For the purposes of this study,
results for this question have been aggregated into
three categories. Scores of 1 and 2 are treated as
less competitive, scores of 4 and 5 as more competi-
tive, and a score of 3 as about the same. Differences
in the technological incidence and intensity of the
two extreme groups—the more- and the less-com-
petitive groups—are investigated here. This not only
provides a metric that can be used to provide a pic-
ture of what is competitive; it also allows us to evalu-
ate which technologies plants consider to be
important when they assess their overall competi-
tiveness.

We proceed first by looking at the functional areas
that are perceived to be more or less competitive,
then at how the variations in technology use, the
economic impact and the perceived shortcomings
relate to the competitive position of plants. This al-
lows us to assess which technologies most affect
competitiveness. Finally, we turn to examine the
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Table 11A: Competitive Ranking Against Other Producers

Location of competitors More Same Less Not
competitive competitive applicable

percentage of establishments
Other producers in Canada 29 42 20 10
Producers in the U.S. 23 30 26 22
Producers in Europe 14 26 28 33
Other foreign producers 20 24 16 40

determinants of competitiveness using multivariate
analysis.
11.1 Technology Rankings
Compared with other domestic producers, most
managers (42%) consider their production technolo-
gies to be as competitive, that is, the same as those
of their competitors (Table 11A). Slightly more re-
port being more competitive (29%) than less com-
petitive (20%). This slight asymmetry is consistent
with the fact that the smallest plants—those with
fewer than 10 employees—are outside the scope of
the survey and are less likely to use advanced tech-
nology than are larger plants.

The same symmetric distribution of the self-assessed
competitive advantage does not exist against foreign
competition. Compared with U.S. producers, a
slightly larger proportion of establishments report
being less competitive (26%) than more competitive
(23%). The disadvantage is even greater with respect
to European producers. Some 28% of Canadian man-
agers feel they are behind these competitors, com-
pared with only 14% who feel they are ahead. About
25% to 30% of plants consider their technologies to
be equal to those of their foreign competitors, roughly
15 percentage points lower than that reported for
domestic competitors.

It is important to examine how the more and less
competitive establishments are distributed across
industry, size and ownership groups in order to find
out whether the differences associated with being
more or less competitive merely capture size or in-
dustry effects. If, for example, it is only the large plants
that consider themselves to be more competitive and
the small plants that consider themselves less com-
petitive, then the technological competitiveness mea-
sure primarily captures size effects. It is still a useful
measure of differences—but differences would be
primarily related to size differences. Similarly, if all
or most of the more competitive establishments were

found to be in one or two industries, with the less
competitive concentrated in other industries, differ-
ences in technological competitiveness would be
mainly associated with industry effects.

In order to determine whether the competitiveness
measure captures something other than pure indus-
try, size and ownership effects, we present frequency
distributions of the more- and less-competitive es-
tablishments by size, industry and ownership (Table
11B). More detailed examination of these issues is
reserved for the multivariate analysis in a later sec-
tion of this chapter.

More of the largest establishments (84%) than the
smallest (37%) feel they are at least as competitive
as their U.S. competitors. However, collectively these
two groups account for only about one-third of our
target population.?! The majority of the population
are small and medium-sized plants with between 20
and 249 employees. In this group, more establish-
ments feel less than more competitive, but the dif-
ference is not large. We can conclude from this that
our technological competitiveness measure, although
related to size, is more than just a proxy for size. In
addition, while advanced technology use at the food
industry level increases monotonically with size, tech-
nological competitiveness appears to do so only
weakly over the mid-size range.

An examination of differences across industries re-
veals roughly equal distributions of more and less
competitive plants in the bakery, cereal and “other”
industries. In each case, the percentage of plants in
the more competitive group is about the same as in
the less competitive group. A greater percentage feel
they are less competitive than those that feel they
are more competitive in the dairy, meat and fruit and
vegetables industries, while the reverse is found in
the fish products industry. Our measure of techno-
logical competitiveness does not just reflect indus-
try differences.

21 Establishments with fewer than 10 employees are excluded from the target population.
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Table 11B: Distribution of Technological Competitiveness Assessment Evaluated

Against U.S. Producers

Competitiveness

Establishment More Same Less N. A.
characteristics competitive competitive

percentage of establishments
Size
10-19 employees 12 25 29 35
20-49 22 25 29 24
50-99 24 30 28 19
100-249 24 38 23 15
250+ 44 40 " 4
Industry
Bakery 19 24 21 35
Cereal 23 39 23 15
Dairy 27 22 37 15
Fish 27 37 11 25
Fruit and vegetables 19 37 29 15
Meat 19 20 37 25
Other 24 34 25 17
Country
Canada 21 28 27 24
Foreign 36 44 14 7
All establishments 23 30 26 22

As for ownership effects, a greater percentage of
Canadian-owned plants feel that they are less com-
petitive than those that feel they are more competi-
tive, while the reverse is true for foreign-owned
plants. Most foreign-owned plants, however, feel they
are the same as their U.S. competitors. Our measure,
therefore, captures more than just ownership effects,
though it is partially related to it.

11.2 Technological

Competitiveness Measure

This section examines differences in technology use
between the more and less competitive plants. Ex-
amining the differences in the technological charac-
teristics of these two extreme groups serves to
provide insights into the relationship between com-
petitiveness and technological capability.

We are interested in establishing which technologies
plant managers consider to be crucial to evaluating
themselves as being more competitive. There are two
ways in which this can be done.

First, we examine which functional areas are used
more intensely by the more competitive and the less
competitive groups. In doing so, we use incidence
of technology use. However, we recognize that tech-
nological competence is not based solely on the use

of a single technology or even on the use of several
technologies. Rather it depends on how the technolo-
gies are being applied.

To overcome this potential deficiency, we employ a
second measure—the extent to which major deficien-
cies are perceived to exist in particular functional ar-
eas. This measure is used to identify the areas in
which more competitive plants feel that they have
few problems and the areas in which they still have
problems. This provides us with another way to de-
termine which technologies are crucial for a firm's
competitiveness. Areas in which more competitive
plants feel especially disadvantaged obviously con-
tribute little to a plant’s overall competitiveness as-
sessment.

What then marks more competitive from less com-
petitive plants in terms of usage? To determine this,
we first determine the ‘core’ technologies for the
more competitive plants by examining which tech-
nologies have the highest adoption rates by these
plants. Second, we investigate the areas where there
are the greatest differences in adoption between the
more and less competitive groups.

Process control, management systems and commu-
nications, and processing have the highest adoption
rates by more competitive plants, all greater than 70%
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Table 11C: Differences in Technological Charcteristics between More- and Less-Competitive Establishments

Technology Use NOT Disadvantaged
More Less Difference More Less Difference
competitive  competitive competitive  competitive

percentage of percentage percentage of percentage

establishments points establishments points

Process control 71 52 25 11 48 29
Management systems and communications 75 61 14 62 51 "
Processing 73 61 12 81 46 35
Packaging 61 52 9 83 57 26
Pre-processing 56 25 31 88 73 5
Inventory and distribution 49 38 " 64 64 0
Quality control 48 31 17 89 1A 18
Materials preparation and handling 46 23 23 81 65 16
Design and engineering 33 " 22 70 52 18

(Table 11C). This is followed by packaging and pre-
processing at 61% and 56%, respectively. The least-
used technologies are design and engineering
technologies with adoption rates of only 33%.

Turning to differentials, the more competitive plants
are more likely to use at least one technology from
each of the nine functional groups. The greatest dif-
ferences are found for pre-processing, process con-
trol, automated materials handling, and design and
engineering technologies with differences of 31, 25,
23, and 22 percentage points, respectively.

Next we investigate the areas in which managers feel
further progress must be made because they still
suffer significant technological disadvantages in re-
lation to their competitors.

The percentage of managers who feel they suffer a
technological disadvantage provides an alternate
measure that can be used to gauge the areas that
matter most in evaluating technological competitive-
ness. This measure has the advantage that it is more
inclusive than the incidence variable. It captures more
than just the existence of an advanced technology.

If managers consider a plant to be generally com-
petitive, but recognize that it is behind in a particular
area of technology, they implicitly do not perceive
this area to be very important to their overall com-
petitiveness. They downplay the importance of this
particular area in their overall competitive assess-
ment. Areas in which more competitive firms feel
especially disadvantaged obviously contribute less

to their overall competitiveness assessment. This
means that we can draw inferences about which ar-
eas managers feel are most important for their com-
petitiveness assessment by examining where
disadvantages are least for those who assess them-
selves as more competitive.

When a manager assesses the existence of a major
deficiency, he takes into account the incidence of
technology use as well as many other factors—the
intensity, the appropriateness of the technologies,
how they are integrated into the plant, and the capa-
bilities of his staff. It is therefore possible that the
relationship between this alternate measure and the
competitiveness of a plant varies from the previous
relationship between incidence and competitive-
ness.??

More competitive establishments feel least disadvan-
taged in the areas of quality control, pre-processing,
packaging, processing and materials handling. In
other words, very few competitive establishments
(between 10% to 20%) feel they are at a disadvan-
tage against their competitors in these areas (Table
11C). Rather, it is in the areas of management sys-
tems and communications, and inventory and distri-
bution in which they feel especially disadvantaged.

Using this logic, we conclude that the more-competi-
tive managers heavily weight the state of their plants’
processing, pre-processing, quality control, packag-
ing, and materials handling technologies, when
evaluating their overall competitiveness ranking. In-
ventory and distribution, management systems and

22 While this alternate variable has potential advantages, it suffers the disadvantage of not being as precise a measure as
technology use and, therefore, containing more subjective judgement.
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communications, and design and engineering, on the
other hand, are given less weight in their overall cal-
culations.

As might be expected, less competitive establish-
ments generally feel more disadvantaged than their
more competitive counterparts. The less-competitive
establishments feel most disadvantaged when it
comes to processing, process control, management
systems and communications, and design and engi-
neering technologies.

To this point, we have used a number of criteria to
try to ascertain which technologies are key compo-
nents for a technologically “competitive” plant. We
have chosen four—the incidence of functional tech-
nology use by the more competitive plants; the dif-
ference in this use between the more and less
competitive plants at the functional level; the tech-
nological disadvantage for the more competitive
plants; and the difference in technological disadvan-
tage between the more and less competitive groups.
Each criteria, by itself, only provides a partial picture.
In order to provide a more comprehensive assess-
ment we employed a ranking scheme. Each of the
functional technology groups was assigned a rank
for each of the four criteria. For example, technology
use for the more competitive plants was ranked ac-
cording to the percentage of establishments that had
adopted it. According to this scheme, process con-
trol was ranked first, followed by management sys-
tems and communications, and then processing
(Table 11D) reflecting adoption rates of 77%, 75%,
and 73% respectively (Table 11C).

The ranks for each functional group were then
summed to obtain an overall rank score. The lower
the total rank score, the more critical the technology.
(Table 11D). Processing, process control, pre-process-
ing and quality control are ranked highest. At the
other end of the scale is design and engineering, and
inventory and distribution. This suggests that pro-
cessing technologies—processing, process control,
and pre-processing—and quality control technologies
are key ingredients to having a ‘competitive’ plant.

11.3 Multivariate Analysis of
Competitive Position
11.3.1 Introduction

The evidence presented in the previous sections in-
dicates that the technological profiles of more- and
less-competitive establishments differ in many re-
spects. More-competitive establishments are more
likely to use an advanced technology, to adopt greater
numbers of them, and to generally feel that they have
fewer technological deficiencies. In this section, we
explore this issue in a more rigorous fashion through
the use of multivariate analysis. Using logistic regres-
sion, we examine differences in the characteristics
associated with these two groups. We ask which tech-
nologies are related to a more-competitive ranking
and whether certain other plant characteristics, like
nationality, are also related to the competitive label.

11.3.2 The multivariate equation

In order to investigate the relationship between com-
petitiveness and plant characteristics, we use:

TecHcomp = o + o, *Size + a,*TECHNOLOGY
+ o, *PRODTYPE + o, *PRACTICES + a, ¥*R&D
+ a,*OwWNERSHIP + o, *VOLUME
+ 0, *ADVANTAGE + o, *BATCH
+ a,,*INDUSTRY

11.3.3 Dependent variable

TecHcowmp is a binary dependent variable differentiat-
ing more- and less-competitive establishments. It is
based on the competitiveness self-evaluation score
provided by plant managers in relation to their U.S.
competitors. It takes a value of 1 if the plant’s pro-
duction technology is more competitive than that of
their U.S. competitors, and a value of 0 if it is less
technologically competitive than their U.S. competi-
tors.
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Table 11D: Ranking of Technology Use and Technological Disadvantage by Functional Group

Technology Use NOT Disadvantaged Total Rank Overall
Score Rank
Functional group
More Difference More Difference
competitive (more vs. less) competitive  (more vs. less)
Process control 1 2 6 2 11 1
Management systems and
communications 2 6 9 7 24 7
Processing 3 7 4 1 15 2
Packaging 4 9 3 3 19 5
Pre-processing 5 1 2 8 16 3
Inventory and distribution 6 8 8 9 31 9
Quality control 7 5 1 4 17 4
Materials preparation and handling 8 3 4 6 21 6
Design and engineering 9 4 7 4 24 i

11.3.4 Explanatory variables

The dependent variables are mainly those used pre-
viously. Size is the employment size of a plant.
ProbTYPE measures the production activity of the es-
tablishment—primary processing, secondary pro-
cessing or both. TEcHNoLoGY measures the incidence
and/or intensity of advanced technology use. Prac-
TIces refers to the business practices used by the firm.
R&D measures whether a firm engages in R&D activ-
ity. OWNERsHIP indicates whether the establishment is
foreign-owned. VoLume is included to measure
whether an establishment is a high-volume producer.
ADVANTAGE measures the extent to which establish-
ments feel they do not have a technological disad-
vantage. BATcH measures whether a plant’s operations
are primarily batch or continuous. INDUSTRY was in-
cluded to capture industry effects.

With the exception of the two variables—technology
use and technological advantage—the explanatory
variables have been described in detail above. The
set of variables used in the regressions, along with
their means and standard deviations for the data set
used in the regression, is found in Table 11F The new
variables are:

Technology use. Advanced technology use is repre-
sented by a set of binary variables that captures inci-
dence of use for each of the nine functional
technologies. Each variable is assigned a value of 1
if the establishment uses at least one technology from
that functional group, and a value of 0 otherwise. For
example, if an establishment is using either electroni-
cally controlled machinery (integrated or non-inte-
grated) or some form of electronic detection of
machinery failure, then the variable capturing mate-
rials preparation and handling technologies will be
assigned a value of 1.

Technological advantage. To capture the technologi-
cal status of different functional areas, the techno-
logical advantage variable is defined as the
percentage of establishments that did not feel they
suffered from a technological disadvantage, in other
words, that were satisfied that they were at least as
good as other firms in this area. This variable will be
positively related to the competitiveness score in ar-
eas that managers feel are essential to their com-
petitive position.

11.3.5 Estimation Methods

The results of the weighted logistic regression that
estimates the probability of a firm being more com-
petitive rather than less competitive are given in Table
11G. The omitted category against which all but the
industry coefficients are calculated is a small, domes-
tic, non-R&D performer that is a primary establish-
ment in the bakery industry, and that does continuous
processing. As before, both the coefficients (column
1) and the probabilities (column 2) are provided.

11.3.6 Empirical results

As described previously, the competitiveness score
is related to several key areas—process control and
packaging—where firms feel they are not technologi-
cally disadvantaged. The overall competitiveness
scores provided by managers are positively and sig-
nificantly related to whether they do not feel disad-
vantaged in these two areas. Establishments that
believe their process control and packaging technol-
ogy to be at least as good as their competitors add
30 and 20 percentage points, respectively, to the like-
lihood that they consider themselves to be more com-
petitive than their foreign competitors.
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Table 11F: Summary Statistics for Dependent and Independent Variables for More- and Less-competitive Logistic

Regression
Variable Description Means Standard deviation
1. Dependent Variable Technological competitiveness
TECHCOMP — more or less technologically competitive 0.47 0.50
2. Plant Characteristics
Establishment Size Employment size
ESTSIZE1 — 10-19 employees 0.20 0.40
ESTSIZE2 — 20-49 employees 0.30 0.46
ESTSIZE3 — 50-99 employees 0.21 0.41
ESTSIZE4 — 100-249 employees 0.17 0.38
ESTSIZES — 250 or more employees 0.12 0.32
Production Type Processing activity
PRODTYP1 — primary processing 0.35 0.48
PRODTYP2 — secondary processing 0.22 0.41
PRODTYP3 — both primary and secondary 0.43 0.50
Ownership Country of Control
FOREIGN — foreign owned 0.1 0.32
Functional Technology Incidence Technological intensity
QUALITY — quality control 0.40 0.49
COMMUNIC — management and information systems and communications 0.70 0.46
DESIGN — design and engineering 0.21 0.41
DISTRIB — inventory and distribution 0.43 0.50
MATERIAL — materials preparation and handling 0.34 0.48
PACKAGE — packaging 0.58 0.50
PROCCNTL — process control 0.64 0.48
PREPROC — pre-processing 0.40 0.50
PROCESS — processing 0.67 0.47
Functional Technology Advantage Technological Advantage
ADV_PROC — processing 0.55 0.50
ADV_PCNT — process control 0.54 0.50
ADV_QCNT — quality control 0.74 0.44
ADV_INV — inventory and distribution 0.58 0.49
ADV_COM — management and information systems and communications  0.48 0.50
ADV_HAND — materials preparation and handling 0.60 0.49
ADV_PRE — pre-processing 0.62 0.49
ADV_PACK — packaging 0.59 0.49
ADV_DESN — design and engineering 0.45 0.50
3. Plant Activities
Business Practices Business practices
PRACT_A — product quality practices 5.00 2.00
PRACT B — management practices 2.64 2.18
PRACT_C — product and process development practices 2.49 2.36
Research and Development R&D activity
RADDOER — R&D performer 0.67 0.47
Volume of Products High Volume Products
VOLUME — percentage of shipments that are high-volume products 62.9 28.5
Type of Operation Type of Operation
BATCH — batch versus continuous 0.52 0.50
4. Industry Characteristics
IND_BAKE Bakery 0.12 0.33
IND_CERE Cereals 0.14 0.35
IND_DAIR Dairy products 0.13 0.34
IND_FISH Fish products 0.12 0.32
IND_VEGG Fruit and vegetables 0.07 0.26
IND_MEAT Meat 0.22 0.41
IND_OTHR Other food products 0.20 0.40
Note: Means refer to population estimates.
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Table 11G: Logit Regression Results for More and Less Competitive Dependent Variable

Variable Coefficient Probability
(1) (2)
INTERCEPT 1.1 -
Plant Characteristics
Establishment Size
ESTSIZE1 - 49
ESTSIZE2 -0.10 49
ESTSIZE3 -0.13 49
ESTSIZE4 -0.42 49
ESTSIZES 0.96 49
Functional Technology Incidence
PROCESS 0.04 49
NO PROCESS - 49
PROCCNTL 0.95 ** 58
NO PROCCNTL - 34
QUALITY 0.19 49
NO QUALITY - 49
DISTRIB 0.02 49
NO DISTRIB - 49
COMMUNIC -0.10 49
NO COMMUNIC - 49
MATERIAL -0.12 49
NO MATERIAL - 49
PREPROC 0.99 *** 64
NO PREPROC - 39
PACKAGE -0.66 * 42
NO PACKAGE - 59
DESIGN 0.45 49
NO DESIGN - 49
Functional Technology Advantage
ADV_PROC 0.48 49
NO ADV_PROC - 49
ADV_PCNT 1.28 *** 63
NO ADV_PCNT - 33
ADV_QCNT -0.19 49
NO ADV_QCNT - 49
ADV_INV -0.80 ** 41
NO ADV_INV - 61
ADV_COM 0.52 49
NO ADV_COM - 49
ADV_HAND -0.10 49
NO ADV_HAND - 49
ADV_PRE 0.17 49
NO ADV_PRE - 49
ADV_PACK 0.76 ** 57
NO ADV_PACK - 38
ADV_DESN -0.29 49
NO ADV_DESN - 49
Ownership
FOREIGN 0.66 49
DOMESTIC - 49
Business Practices
PRACT A 0.14 49
MEAN-+SD - 49
MEAN-SD - 49
PRACT B -0.12 49
MEAN+SD - 49
MEAN-SD - 49
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Table 11G: Logit Regression Results for More and Less Competitive Dependent Variable

— (Concluded)
Variable Coefficient Probability
(1) (2)
PRACT C 0.06 49
MEAN+SD - 49
MEAN-SD - 49
R&D
RADDOER -0.04 49
NON RADDOER - 49
Production Type
PRODTYP1 - 49
PRODTYP2 -0.05 49
PRODTYP3 0.52 49
Volume of Products
VOLUME 0.02 49
MEAN+SD - 49
MEAN-SD - 49
Type of Operation
BATCH -1.27 *** 35
NO BATCH - 65
Industry Characteristics
IND_BAKE - 67
IND_CERE -0.31 67
IND_DAIR -1.83 *** 25
IND_FISH 0.15 67
IND_VEGG -1.43 ** 33
IND_MEAT -1.82 *** 25
IND_OTHR -0.10 67
Summary Statistics
N 392 392
x 119.1 _
Log Likelihood -183 -

Note: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level

But the competitiveness score is also related to inci-
dence of use, even when the overall competency is
considered. Establishments using process control
and pre-processing technologies are significantly
more likely to consider themselves to be more com-
petitive. Both add about 25 percentage points to the
probability of being more competitive. On the other
hand, the variable that captures the incidence of pack-
aging technology is negatively related to the com-
petitiveness assessment. Therefore, the overall
competency in packaging has a positive coefficient
but the incidence of packaging has a negative coeffi-
cient. This suggests that effectiveness in this area is
unrelated to the particular set of technologies that
were used in the survey.

Although the coefficient attached to the largest size
class is positive, it is not statistically significant. The
significance of this size group disappears after con-
trolling for continuous type operations. Thus, large
continuous-type operations are more likely to be
competitive. Having continuous rather than batch

operations increases the probability of being com-
petitive by 30 percentage points.

Business practices aimed at enhancing product qual-
ity are positively related to being more competitive,
however, the result is not statistically significant.
Materials and distribution management practices, on
the other hand, are negatively related to the com-
petitiveness ranking, but they too are not statistically
significant.

Earlier in this chapter, we found that simple tabula-
tions of competitiveness scores against ownership
indicated that foreign-owned plants are more likely
to evaluate themselves as more advanced than less
advanced, while the reverse is found for domestic-
owned plants. Based on this, one might conclude
that foreign-owned plants are more competitive.
However, controlling for plant and industry charac-
teristics, we find the coefficient on foreign owner-
ship is positive but not statistically significant.
Differences in competitiveness scores between
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domestic and foreign plants reflect differences in their
types of operations, technology use, and products
produced.

Establishments in the dairy, meat, and fruit and veg-
etable industries are significantly less likely to con-
sider themselves more competitive. Establishments
in these three industries are between 30 and 40 per-
centage points less likely to consider themselves
competitive compared with establishments in the
other industries. Thus, industries that were shown
previously to be more intensive technology users are
not necessarily the most competitive.

11.4 Conclusion

In conclusion, there is a distinct group of plants that
are more technologically competitive than their for-
eign counterparts. This group consists of continu-
ous operation plants using process control and
pre-processing technologies. They are also plants

that consider their process control and packaging
technology to be the equal of their competitors. Of
interest, plants in industries with the most intense
technology use (dairy, meat and fruit and vegetable)
do not generally rank themselves at the top in rela-
tion to their foreign competitors. Indeed, the dairy
and meat industries consider themselves generally
to be behind their competitors.

It is noteworthy that there is no close relationship
between these technology competitiveness rankings
and the relative rates of advanced technology use at
the industry level. High technology use does not nec-
essarily guarantee competitiveness at the industry
level. This partly reflects the fact that there are sub-
stantial differences in the degree of sophistication of
the various U.S food-processing industries that are
reflected in Canada. The industries with a higher in-
tensity of technology use in the United States also
have a higher intensity of use in Canada.
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Chapter 12 - Technology Upgrade Plans

The use of technology does not stand still. We should
expect that firms will react to their perceptions of
existing deficiencies and future needs by upgrading
their technologies. This chapter examines firms’ plans
to improve the technology they use and the factors
that influence these plans.

In order to gauge the future changes that firms ex-
pect to implement, managers were asked to describe
their plans to upgrade their plant’s technology over
the next three years. The options provided were:
1) no plans for change; 2) plans under consideration;
3) plans for a minor replacement (less than 25%);
4) plans for a major replacement (25% to 74%); and
5) plans for a complete replacement (75% to 100%).
Roughly 30% of establishments report either no
plans, plans under consideration or plans for a mi-
nor upgrade, while 12% plan a major upgrade. A neg-
ligible number are planning a total replacement of
existing technologies (Table 12A). This indicates that
technological change tends to be incremental at the
individual plant level.

The larger the plant, the more likely it is to have plans
for a minor or major upgrade. In particular, 47% of
plants with 250 or more employees plan a minor
change, and 24% plan a major change. Foreign-con-
trolled plants are appreciably more likely than Cana-
dian-controlled plants to have plans for a minor
upgrade, and a little more likely to be planning a major
upgrade.

12.1 Analysis of Technology

Upgrading Plans

To more fully investigate the extent to which these
relationships hold, we use multivariate regression
analysis to investigate the relationship between in-
tentions to upgrade technology and various plant
characteristics. In particular, we investigate whether
upgrading is likely to be more intensive in those plants
that already are more technologically advanced and
whether it is affected by the degree to which plants
feel they are disadvantaged, as well as other charac-
teristics of a technical nature, such as volume or batch
characteristics. We estimate the following equation:

UPGRADE =0, + o, *SizE + a,*OWNERSHIP
+ o, *TecHNoOL + o, *PropTYPE + 0, *VOLUME
+ o *BatcH + o, *Disabv + o *PRACTICES
+ o, *INDUSTRY

12.1.1 Dependent variable

UPGRADE is a binary dependent variable that represents
the amount of upgrading taking place. It is measured
by three different dependent variables to capture dif-
ferent states of upgrading.

The first (Rep_LoTs) is a binary variable that is 1 if there
is a major upgrade or total replacement planned, and
0 if there are no plans, or if plans are only under con-
sideration. It will be used to investigate the variables
that distinguish between no plans and very aggres-
sive replacement intentions.

The second (rep_BIT) is a binary variable that is 1 if
there is a minor upgrade planned, and O if there are
no plans, or if plans are only under consideration. It
will be used to investigate the variables that distin-
guish between no plans and incremental replacement
intentions.

The third (Lots_siT) is a binary variable that is 1 if there
is a major upgrade or total replacement planned, and
0 if there a minor upgrade planned. It will be used to
investigate the variables that distinguish between an
aggressive replacement policy and incremental re-
placement intentions.

12.1.2 Explanatory variables

The explanatory variables are much the same as be-
fore. Size is the employment size of a firm, while
OwnERsHIP indicates the nationality of ownership of
the establishment. TEcHnoL measures the intensity of
advanced technology use. PrRobTYPE measures the
production activity of the establishment—primary
processing, secondary processing or both. VoLuwmeE is
included to measure whether an establishment is a
high-volume producer. BatcH measures whether a
plant’s operations are primarily batch or continuous.
Disabv captures the extent to which the plant believes
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Table 12A: Plans to Upgrade Technology

Plans
None Being Minor Major Complete
considered <25% (25 -74%) (75%+)
percentage of establishments

Food industry 29 30 29 12 -
Size (employees)

10-19 42 30 18 " -

20-49 34 28 27 " -

50- 99 25 38 27 10 -

100 - 249 20 31 38 " -

250+ 8 17 47 24 3

Control
Canada 30 31 27 12 -
Foreign 20 23 42 15 -

* — Indicates negligible.

it suffers a technological disadvantage. PRACTICES re-
fers to the business practices used by the firm. In-
DUSTRY was included to capture industry effects. A
summary of these variables along with the means
and standard deviations for the sample used for the
regression is provided in Table 12B. With the excep-
tion of the technology and disadvantage variables,
the explanatory variables have previously been de-
fined. The new variables are:

Technology use. Advanced technology use is repre-
sented by a variable that captures the number of
advanced technologies used across all functional
groups.

Disadvantage. The disadvantage that a firm faces is
derived from the variable that was used to capture
the extent to which a firm felt it faced a significant
technological disadvantage. If a firm scored itself as
disadvantaged (on a scale of 1to 5 as eithera4 or 5
in a particular technology), then it was defined to be
disadvantaged in that technology. Our explanatory
variable is the number of technologies where this
occurs and is a continuous variable that runs from 0
to 9—the number of technology classes.

12.1.3 Estimation methods

The results of the weighted logistic regression esti-
mating the probability of varying degrees of upgrades
are given in Table 12C.22 The first column examines
the major upgrade versus no replacement decision;
the second column examines the minor upgrade ver-
sus no replacement decision; the third column

examines the major as opposed to minor replace-
ment decision. The omitted category is a small, do-
mestic, primary processing establishment in the
bakery industry that does continuous processing.

12.1.4 Empirical results

The multivariate regression confirms that plants that
are already more advanced are more likely to be plan-
ning upgrades. Technology use is positively related
to both incremental and major upgrading. For ex-
ample, contrasting major and minor upgrades (re-
gression 3), we find the probability of undertaking
major upgrades to be 43% when there are 16 tech-
nologies being used but only 25% when six tech-
nologies are being used. Thus plants using more
technologies are more likely to be upgrading, thereby
further distancing themselves from their counterparts
who are using fewer technologies.

In an associated regression (not reported here), tech-
nology use was divided into its constituents: quality
control, communications and information systems,
inventory and distribution, design and engineering,
materials handling and preparation, packaging, pro-
cess control, pre-processing and processing. The
largest and most significant coefficients are found
for quality control, communications and packaging
for the regression contrasting major upgrades against
no upgrades; and process control and packaging for
the regression contrasting minor upgrades against
no upgrades. In other words, plants that use quality
control and communication technologies are more
likely to be planning a major upgrading as opposed

3 In light of the lack of significance of most of the variables, ordered logit models were not employed.
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Table 12B: Means and Standard Deviations for Dependent and Independent Variables for Technology Upgrades Logistic

Regression
Variable Description Major vs. None Minor vs. None Major vs. Minor
1. Dependent variable Mean S.D. Mean S.D. Mean S.D.
Technological Upgrades ~ Amount of technology upgrading planned
REP_LOTS — major upgrades versus no replacement 0.19 0.39 - - - -
REP_BIT — minor upgrades versus no replacement - - 0.34 0.47 - -
LOTS_BIT — major versus minor upgrades - - - - 0.31 0.46
2. Plant characteristics
Establishment Size Employment size
ESTSIZE1 — 10- 19 employees 0.27 0.44 0.24 0.43 0.17 0.38
ESTSIZE2 — 20 - 49 employees 0.29 0.45 0.29 0.45 0.26 0.44
ESTSIZE3 — 50 - 99 employees 0.21 0.41 0.20 0.40 0.17 0.38
ESTSIZE4 — 100 - 249 employees 0.16 0.37 0.19 0.39 0.22 0.42
ESTSIZES — 250 or more employees 0.07 0.26 0.09 0.28 0.18 0.38
Ownership Country of Control
FOREIGN — foreign owned 0.09 0.29 0.1 0.31 0.15 0.36
Production Type Processing activity
PRODTYP1 — primary processing 0.44 0.50 0.40 0.49 0.31 0.46
PRODTYP2 — secondary processing 0.23 0.42 0.22 0.42 0.22 0.41
PRODTYP3 — both primary and secondary 0.33 0.47 0.38 0.49 0.47 0.50
Volume of Products High volume products
VOLUME — percentage of shipments that are high-volume 61.6 31.0 61.9 30.5 65.3 213
Type of Operation Type of operation
BATCH — batch versus continuous 0.48 0.50 0.50 0.50 0.46 0.50
Comprehensive Technology Use
TECHNOL Technological intensity 6.96 6.65 1.34 6.56 11.10 7.43
Competitive Disadvantage
DISADV Technological disadvantage 2.40 2.48 2.37 2.42 2.66 2.37
3. Plant activities
Business Practices Business practices
PRACT_A — product quality practices 4.66 2.21 4,70 2.19 5.32 1.99
PRACT B — management practices 2.24 2.22 2.29 2.18 3.09 2.16
PRACT C — product and process development practices 2.01 2.31 21 2.28 3.01 2.43
4. Industry characteristics
IND_BAKE Bakery 0.17 0.38 0.16 0.36 0.10 0.30
IND_CERE Cereals 0.15 0.36 0.14 0.35 0.16 0.37
IND_DAIR Dairy products 0.10 0.30 0.09 0.29 0.12 0.33
IND_FISH Fish products 0.15 0.36 0.16 0.37 0.13 0.34
IND_VEGG Fruit and vegetables 0.07 0.26 0.07 0.26 0.08 0.27
IND_MEAT Meat 0.18 0.38 0.19 0.39 0.19 0.39
IND_OTHR Other food products 0.18 0.39 0.19 0.39 0.22 0.42

to no upgrading, while those using process control
and packaging are more likely to be planning a mi-
nor upgrade than no upgrade at all.

Plants facing more of a disadvantage are also more
likely to upgrade. The greatest impact of the disad-
vantage variable is on the decision to plan a major
replacement as opposed to either a minor replace-
ment or no replacement at all. Plants react to being
behind. And their reaction is to leapfrog by making
major replacements rather than just incremental
ones.

We also investigated whether disadvantages in par-
ticular areas had greater effects than others (not re-
ported here). Here we found that a significant
disadvantage in the key area of processing had a sig-
nificant effect on making a decision to plan for a major
upgrading as opposed to no replacement at all. Suf-
fering a significant disadvantage in the area of pack-
aging also has a significant effect on the decision to
engage in major versus minor upgrading.
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Even after correcting for technological intensity, size
matters. Larger plants are more likely to be making
incremental improvements than no improvements at
all. The probability of a small establishment choos-
ing incremental over no improvements is 16%
compared with about 30% for large establishments.
If large plants have any plans for upgrading, they are
less likely to make plans for major upgrading but they
are more likely to be making incremental improve-
ments. Size gives the advantage of being able to ex-
periment.

There are several reasons why large plants are more
likely to expand incrementally. They may have supe-
rior information-processing capability, which would
give them the capacity to experiment with new tech-
nologies in order to evaluate their worth before they

make a major commitment.?* In addition, since they
are more likely to be multi-product firms, they may
experiment with only some of their production lines,
because new technologies will not be applicable
across the entire product line.

Few of the other plant characteristics are significantly
related to planned upgrading. The one exception is
the production-type variable. Plants that combine
both primary and secondary processing are more
likely to plan for incremental upgrading than no up-
grading. They are less inclined to be considering
wholesale replacement.

There are no significance differences across indus-
tries in the proclivity to upgrade technologies.

24 See McCardle (1985) for a model that considers the incremental adoption of technology.
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Table 12C: Logistic Regression Results for Replacement of Existing with New

Technology
Variable Regression 1 Regression 2 Regression 3
Dependent Variable REP_LOTS REP_BIT LOTS_BIT
INTERCEPT -3.45 *** -2.59 *** -0.75
1. Plant characteristics
Establishment Size
ESTSIZE2 0.09 0.43 -0.38
ESTSIZE3 -0.58 0.04 -0.70
ESTSIZE4 -0.33 0.66 * -1.09 **
ESTSIZES 0.51 0.90 ** -0.56
Ownership
FOREIGN -0.21 0.44 -0.44
Production Type
PRODTYP2 0.06 0.25 -0.16
PRODTYP3 0.01 0.67 *** -0.71 **
Volume of Products
VOLUME 0.01 0.001 0.001
Type of Operation
BATCH -0.30 0.1 -0.47 *
Technology Intensity
TECHNOL 0.12 *** 0.09 *** 0.05 *
Technological Disadvantage
DISADV 0.13 ** 0.05 0.09 *

2. Plant activities
Business Practices

PRACT_A 0.01 -0.03 0.05
PRACT B 0.07 0.04 0.08
PRACT C 0.01 0.02 -0.05
3. Industry Characteristics
IND_CERE 0.78 0.52 0.13
IND_DAIR -0.08 0.42 -0.24
IND_FISH -0.20 0.20 -0.25
IND_VEGG 0.06 0.19 -0.13
IND_MEAT -0.18 0.43 -0.67
IND_OTHR 0.40 0.31 -0.03
4. Summary Statistics
N 541 681 362
¥ 86.4 93.5 24.0
Log Likelihood -212 -378 -209

Note: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level
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Table 12D: Estimated Probability of Replacement of Existing with New Technology

Variable

Regression 1

Regression 2

Regression 3

Dependent Variable

1. Plant characteristics
Establishment Size
ESTSIZE1
ESTSIZE2
ESTSIZE3
ESTSIZE4
ESTSIZES
Ownership
FOREIGN
NON FOREIGN
Production Type
PRODTYP1
PRODTYP2
PRODTYP3
Volume of Products
VOLUME
MEAN +SD
MEAN - SD
Type of Operation
BATCH
NO BATCH
Technology Intensity
TECHNOL
MEAN + 5 technologies
MEAN - 5 technologies
Technological Disadvantage
DISADV
MEAN+SD
MEAN - SD

2. Plant activities

Business Practices

PRACT_A
MEAN+SD
MEAN - SD

PRACT B
MEAN+SD
MEAN - SD

PRACT C
MEAN+SD
MEAN - SD

3. Industry Characteristics

IND_BAKE
IND_CERE
IND_DAIR

IND_FISH

IND_VEGG
IND_MEAT
IND_OTHR

REP_LOTS

REP_BIT

LOTS_BIT
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Chapter 13 - Conclusion

This study has highlighted the use being made of
advanced technologies in the food-processing sec-
tor. Its primary focus has been to detail the incidence
of use of a large number of highly specific technolo-
gies—ranging from machine vision to chromatogra-
phy. The study provides an assessment of the extent
to which the Canadian food-processing industry is
on the frontier of technology use.

The results can be organized into broad overviews
that elaborate on the pattern of technology use, the
type of users (small or large, domestic or foreign),
and differences in industry patterns.

13.1 Importance of Advanced
Technologies

Advanced technology use has penetrated many ar-
eas of the production process in food plants. But the
importance is not the same across technologies.
Importance of technology has been measured here
in three ways: by incidence of technology adoption,
by its economic impact, and by its contribution to a
plant’s international competitiveness.

Our first measure of importance is the degree to
which any of the advanced technologies have been
adopted in a particular area: processing, process
control, quality control, inventory and distribution,
management systems and communications, materi-
als preparation, pre-processing, packaging, and de-
sign and engineering. As measured by incidence of
use, the areas of greatest importance for advanced
technology use are the key production areas: pro-
cessing, process control, and management systems
and communications. The group next in importance
includes packaging, inventory and distribution, qual-
ity control—the first two of which involve later stages
in the production chain. Then comes pre-process-
ing, and materials preparation—two early stages in
the production chain. The area of least importance is
design and engineering—a support function in the
food-processing industry.

This portrait is somewhat different than the one
drawn for the manufacturing sector as a whole
(Baldwin and Sabourin 1995), where design and en-
gineering was relatively more important and the cen-
tral area of fabrication was less important. This can

be ascribed to differences in the applicability of dif-
ferent functions. Design and engineering is a key part
of mechanical engineering and of many industries
outside of food processing, but less important here.
Processing and process control play such a central
role here because of the importance of quality as an
overall strategy to firms in this sector. New advanced
processing technologies are part of the thrust to
maintain and improve quality. Finally, management
systems are found to be central here as elsewhere,
thereby confirming earlier work (Baldwin, Diverty and
Sabourin 1995) that information collection and as-
similation, as well as distribution systems, are at the
heart of the soft manufacturing systems that ad-
vanced computer-based technologies have spawned.

Since simple rates of incidence may be influenced
by the arbitrary choice of technologies included in
each category, this study presents an alternate mea-
sure of importance—the evaluations of the economic
impact of advanced technologies provided by food-
processing plant managers. Here too, we find that
processing, process control and management sys-
tems and communications are among the most im-
portant. But quality control now moves to the head
of the list, thereby reinforcing the importance of im-
provements in product quality as the primary objec-
tive of technology adoption in the food-processing
sector. In the remaining functional areas, the down-
stream functions—inventory and distribution, and
packaging—once more precede the upstream func-
tions—materials handling and pre-processing.

There are a number of exogenous or technical char-
acteristics of plants that are related to technology use.
First, plants that produce secondary as opposed to
primary products are more likely to utilize advanced
technologies in the core area—processing and pro-
cess control; however, they are also more likely to
utilize advanced technologies in both the upstream
and downstream areas. High-volume operations are
not associated with greater use of the core areas;
they are more likely to use an advanced technology
in the upstream preparation areas and for process
and quality control. Plants that focus on batch op-
erations make greater use of the new management
systems and communications technologies to con-
trol what is inherently a more heterogeneous pro-
duction process, but otherwise make less use of most
advanced technologies.
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Large differences in technology use were also found
between small and large plants. These differences
are largest for the areas of management systems,
design and engineering, and process control. The
remaining areas all have differences as well. Some
of these can be ascribed to differences in the types
of operations found in small and large plants. Small
plants are more likely to be doing more batch pro-
cessing, with fewer high-volume products, and to be
concentrating more on primary products. When these
factors are taken into account with regression analy-
sis, small firms are still found to use significantly fewer
advanced technologies in the three core areas of pro-
cessing, process control and management systems,
as well as in the downstream areas of inventory and
distribution and packaging.

The study also found significant differences in tech-
nology use between foreign and domestically owned
plants. Foreign-controlled plants are more likely to
use at least one technology; they are also more likely
to use more than 10 advanced technologies and to
combine advanced technologies from different areas.
They are more likely to use at least one advanced
technology in each of the functional areas, with the
exception of processing. When other characteristics
such as size and type of operations are considered,
foreign-owned plants are still found to be greater
users of advanced technologies—but not in all
areas. What distinguishes foreign-controlled plants
from domestically controlled firms is their use of tech-
nologies in the area of pre-processing, process con-
trol, management systems and communications, and
design and engineering.

Economic impact derived from technology adoption
was the second metric used to evaluate the impor-
tance of advanced technology. It is employed to in-
dicate which of the technologies are seen to have
the greatest economic benefits associated with their
use.

The reasons for the differences in technology use
across small and large plants and between domestic
and foreign-owned plants has been a source of in-
terest and concern. They may stem from different
barriers originating in differential costs associated
with size. Large firms may enjoy scale economies in
the acquisition of information regarding new tech-
nologies or other advantages in terms of financing
costs. On the other hand, the benefits of applying
the new technologies in small or domestic plants may
be fewer because their operations may be quite dif-
ferent.

This study sheds light on which of these two expla-
nations is most relevant by examining whether man-
agers of plants that have implemented the new
advanced technologies have found differences in the
impact of the technologies. Finding that there are
differences in impact by those who experiment with
the new technologies would indicate a major differ-
ence in the applicability and therefore in the relevance
of the advanced technologies.

After taking into account other characteristics that
influence economic impact (such as technology use,
volume and batch operations), managers of foreign-
controlled plants rarely report a greater economic im-
pact. There is, therefore, weak evidence that
foreign-controlled plants do not adopt advanced tech-
nologies simply because they find them to be of
greater economic benefit. Differences in technology
use must therefore be sought in differences in imple-
mentation costs.

It is also the case that in many of the areas where
there are significant differences between small and
large plants in the use of advanced technologies,
there are few differences between the two groups in
the economic impact derived from the use of these
technologies. Thus, when managers in small firms
implement advanced technologies, they provide a
similar assessment of benefits as managers in large
plants. Once more, this indicates that it is the cost
rather than the benefit side that primarily determines
the differences in the use of advanced technology
found in large and small plants.

In this study, we have employed a third metric to
evaluate the importance of advanced technologies.
This metric examined which technologies are related
to competitiveness. Using the managers’ evaluations
of their technological competitiveness with respect
to U.S. competitors, we ascertained that there were
a group of technologies whose use determined
whether managers assess themselves as more or less
competitive. The results reinforce those derived from
the other two measures. The key technologies are in
the functional areas of processing, process control,
and quality control. But pre-processing at the up-
stream end is also important.

The study has also pointed to the areas in which Ca-
nadian plants think they suffer from serious deficien-
cies in their technology use. Even the most
competitive plants consider that they need to make
up ground in the areas of inventory and distribution,
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design and engineering, as well as in management
and communications systems. Thus, it is generally
in these peripheral areas that firms recognize their
disadvantages. This recognition is also connected
with plans to renew and replace technology.

13.2 The Technological Regime

Along with the information on technology use that is
provided here, we also investigated the competitive
environment of firms, as well as their strategies and
business practices. This allows us to better under-
stand the reasons for these patterns of use and ulti-
mately their implications for the food-processing
industry.

Since the use of technology is not conducted in a
vacuum, it cannot be understood by examining tech-
nological incidence alone. Nor can an evaluation be
made of just how technologically advanced a plant
or an industry is without setting technology use in a
broader context. This broader context consists of the
environment facing firms and the broad strategic
emphasis that firms adopt.

This study has demonstrated how the environment
affects technology use. Three major themes have
been developed. The first pertains to the manner in
which the technology strategy complements the over-
all strategy of food-processing firms. The second in-
vestigates the extent to which practices that are
spawned by overall firm objectives interact with a
firm’s technological competencies. The third exam-
ines differences in firms’ economic environment and
their effect on technology strategy.

13.3 Technology Subsumed within
More General Strategies of the
Firm

Firms in the food-processing industry face a com-
petitive environment that is dominated by several key
challenges—consumers can easily switch products,
competitors are able to substitute across suppliers,
and new competitors (sometimes from imports) are
constantly emerging. As a result, competition is gen-
erally intense with respect to both price and quality
because of the nature of the product. Firms react
by focusing substantial attention on their core mar-
kets, both by trying to maintain their cost competi-
tiveness and by stressing quality. Technology use is
seen primarily as a way of providing incremental
improvements that improve quality and resultin cost
reductions through increases in productivity.

The stress on quality is continually found in the op-
erations of food-processing firms—both in terms of
the strategies pursued and in the technology used.
Quality-related business practices are commonly
employed. The effect of new technologies is found
to be greatest in the area of quality. Quality-related
strategies are associated with more technology use
in a large number of areas, and their presence en-
hances the impact of the technologies and the de-
gree to which plant managers rank themselves as
competitive with foreign producers.

13.4 Business Strategies: The
Interaction between Technology
Use and Practices

This study has not only demonstrated how technol-
ogy strategy complements the main thrust of firms,
but it has also shown the importance of specific busi-
ness practices in facilitating technology acquisition.
Technologies are used to accomplish certain pur-
poses: to enhance the quality of products, to develop
new products, and to reduce costs.

New machines and processes are only part of what
makes up the technological regime. The process of
technological change also involves specific business
practices that enhance the need for specific technolo-
gies. More importantly, some of these practices also
enhance the effectiveness of these processes.

This study has examined the incidence of use of busi-
ness practices in three broad areas: product quality,
materials and distribution management, and
product and process development. In keeping with
the emphasis that is placed on quality by food-
processing firms, quality practices were most com-
monly adopted. These practices complement a large
number of different technologies. The use of quality-
related business practices is positively associated
with the adoption of advanced technology in most
functional areas—in every area except packaging.
Thus, quality-related practices influence the adoption
of advanced technologies in more than just the area
of quality control. Similarly, business practices aimed
at materials and distribution management are posi-
tively associated with technology use across almost
all functional groups, although the relationship is not
always statistically significant. The product and pro-
cess development practices are positively and sig-
nificantly related to technology use in all categories
except management systems and communications.
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Equally important, these practices enhance the ef-
fectiveness of advanced technologies. Firms that
have adopted quality management practices indicate
that the overall economic impact of technology use
was higher in almost all categories. The effect of qual-
ity practices then is widely felt across both the core
and peripheral functional areas. In the same way,
materials and distribution management practices sig-
nificantly increase the economic impact of commu-
nication technologies.

It is also the case that activities related to innovation
are of critical importance. The majority of food-
processing plants are innovative. Most have intro-
duced process innovations. The introduction of an
innovation requires new machines, new techniques
and new organizational structures. The technologies
that are described here are very much in the fore-
front of process innovation.

13.5 Technology Use: The Effect of
the Industry Environment

In this study, we have recognized that the adoption
of technology depends only partially upon the tech-
nological opportunity present within an industry.
While inherent differences in technological opportu-
nity condition the amount and type of advanced tech-
nologies that will be used, there are other forces at
work that influence the determinants of technology
use. These forces originate in the type and degree of
competition that exist in an industry. The intensity of
both price and quality competition will vary across
industries, with some products experiencing more
of both. Differences in competitive pressures should
be reflected in differences in the rates of adoption
and the types of technologies adopted. Therefore,
we examined how these forces differ across indus-
tries, and how they are related to the general and
technological strategies that were adopted.

The competitive environment is affected by market
uncertainty, which in turn is affected by the degree
of competition. Market uncertainties stem from the
intensity of market competition. Market competition
is more intense where companies can switch readily
from one supplier to another, where new competi-
tors are constantly arriving in the marketplace and
where imports offer a constant alternative source of
competition to domestic production. The extent to
which advanced technologies are being adopted will
also be affected by the rapidity of advances taking
place in the industry. Industries where technology is
quickly becoming obsolete are also industries where

pressures are greater to use new and most likely
advanced technologies.

Despite the many differences in the characteristics
of the industries studied—in terms of average size of
plant, the importance of foreign ownership, capital
intensity—the food-processing industries can be di-
vided into several well-defined groups based on
firms’ evaluations of the intensity of competition that
they face from different sources. These consist of 1)
bakery and cereals, 2) fish and meat, 3) fruit and veg-
etables and “other”, and 4) dairy. The group indicat-
ing that it faced the least uncertainty is the
first—bakery and cereals—which shares, along with
other industries, the general trait that uncertainty
comes from the constant threat of new entrants and
from the ease with which competitors can substitute
across products. The second group—fish and meat—
also indicated that it faced considerable uncertainty
from new competitors but added competition from
imports as a source of considerable uncertainty. In
this sense, therefore, this group can be said to have
a more intense competitive environment than the first
group. The third group—the fruit and vegetable and
“other” industries—faces even more intense import
competition than the second group and can be said
to face even more uncertainty. These first three
groups, taken in order, can be regarded as facing an
increasingly uncertain or competitive environment.
The fourth category—dairy products—also faces un-
certainty from the same basic forces that bakery and
cereals face. But rather than imports causing uncer-
tainty, changes in the technological environment as-
sociated with obsolescence are at the root of
additional uncertainty.

There are broad differences across industries in tech-
nological intensity, in economic impact and in the
emphasis placed on process innovation, which cor-
respond to these differences in the competitive envi-
ronment. The groups that face less intense
competition tend to be less technologically advanced
though this relationship is attenuated by other fac-
tors relating to the technological opportunity present
in an industry.

The bakery industry falls into the first group with re-
spect to the intensity of competition. Its marketing
strategy emphasizes the introduction of new prod-
ucts and it is above average when it comes to new
product innovations. However, it is relatively low
when it comes to introducing new process innova-
tions, which is consistent with it being one of the least
intense users of advanced technologies. The bakery
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industry is also least likely to indicate that it received
major economic benefits from advanced technology
use.

Cereal producers also fall into the first group with
respect to uncertainty. They are also in the bottom
half of technology users. But some of this simply re-
flects other characteristics that lead to lower levels
of technology use—small average plants and a
greater emphasis on batch processes. The multivari-
ate analysis shows that once these characteristics are
considered, the cereal industry has above average
use for five of the nine advanced technologies.

At the other end of the spectrum with respect to com-
petitive environment are the “other” and the fruit and
vegetable industries. These industries are the most
intensive technology users and are also more likely
to have introduced process innovations than the av-
erage. They are also more likely to have realized a
positive economic impact from the introduction of
all the advanced technologies.

The dairy industry is also classified as having an en-
vironment that is more conducive to the adoption of
new advanced technologies, in particular, because
of the amount of technological obsolescence taking
place. But it also gives greater emphasis to many of
the competitive strategies—competition with respect
to price, flexibility in responding to customer needs,
quality of products, and new products as well as to
strategies in the area of production, management and
human resources. Concomitantly, it focuses its at-
tention on acquiring new technologies more than do
most other industries. The dairy industry uses more
advanced technologies and is more likely to credit
these technologies with having an economic impact.

The other two industries—fish and meat—are above
bakery and cereals with respect to uncertainty, but
below fruit and vegetables with regards to technol-
ogy use. The meat industry generally gives lower
scores than others to all of the competitive strate-
gies—including price, quality, and introduction of new
products. The fish industry is less likely to report ei-
ther product or process innovations. Meat usually
exceeds fish with regards to technology use. The
meat industry is also more likely to indicate a posi-
tive economic impact of technologies while the fish
industry is more likely to indicate a negative impact.

In conclusion, this study has demonstrated that evalu-
ations of the importance of advanced technology to
Canadian manufacturing establishments need to take
into account both incidence (and intensity) of use and
the relative competitiveness of an industry. Incidence
data, in isolation, can provide incorrect impressions.
We should not equate higher technological incidence
with being more competitive when comparing indus-
tries. Industries that are the most intense users of
advanced technologies do not necessarily feel that
they are more technologically competitive than their
foreign counterparts. Indeed, exactly the opposite is
the case. The dairy industry, which is one of the most
intensive users, more frequently ranks itself behind;
the fish product industry, which is one of the indus-
tries that is the least inclined to use the advanced
technologies listed in this report, consistently ranks
itself ahead of foreign producers. The meat industry,
which is about average in terms of technology use,
considers itself to be behind its foreign competitors.
Proper evaluations of the importance of technology
to the Canadian economy must, therefore, extend
beyond uni-dimensional adoption statistics.
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Appendix A: Survey Questionnaire and Point Estimates

Micro-Economic Analysis Division
Survey of Advanced

Food Processing Industry

Technology in the Canadian

Confidential when completed

Si vous préférez ce questionnaire en
francais, veuillez cocher [ ]

Collected under the authority of the

Statistics Act, Revised Statutes of
Canada, 1985, Chapter S19.

@

Survey Objective and Coverage

The objective of this survey is to provide statistics on the
technological capabilities of establishments in the food
processing industry. Statistics Canada will create a data
base combining individual survey responses with existing
Statistics Canada data records. These data will be released
in aggregate form only so as to maintain the confidentiality
of individual business records. The survey will provide the
basis for informed decisions on policies and programs
concerning technology adoption in the food industry.

Voluntary Survey

While participation in this survey is voluntary, your co-
operation is important to ensure that the information
collected in this survey is as accurate and as comprehensive
as possible.

Confidentiality

Statistics Canada is prohibited by law from publishing any
statistics which would divulge information obtained from the
survey that relates to any identifiable business without the
previous written consent of that business. Data reported on
this questionnaire will be treated in confidence, used for
statistical purposes and published in aggregate form only.

Questions?

If you require assistance in the completion of this
questionnaire or have any quesitons regarding this survey,
please phone one of the Statistics Canada regional offices.

In this questionnaire, we refer to several concepts involving the word “firm”. Your firm refers to the legal entity that owns your
plant. Controlling and/or related firm refers to the legal entities connected to your firm through ownership links.

Section A: General Questions

A1l. Please indicate the countries in which your

controlling firm has any of the following operations

(percentage distribution of establishments):

Production Research &
COUNTRIES Unit Development Unit

Canada
US.A.
Other foreign

A4. Does your plant substantially add to its workforce to
meet seasonal peaks? (percentage distribution of
establishments):

Yes No

a
©

A2. Please indicate the geographic region of the head

office of your controlling firm, or in the absence of a

controlling firm, the head office of your own firm
(percentage distribution of establishments):

REGION

Canada
U.S.A.
Other foreign

A3. Please indicate which of the following markets are

served by the products produced in your plant
(percentage distribution of establishments):

MARKETS

Regional Canadian markets
National Canadian markets
U.S. markets
Other foreign markets

A5. Please indicate the maximum number of employees
in your plant (including seasonal workers and
contract workers) during the last year (percentage
distribution of establishments):

NUMBER OF EMPLOYEES
Less than 20 24

20 to 49 28
50 to 99 20

100 to 249 18

250 or more 10

A6. Is your plant inspected (percentage distribution of
establishments):

Federally?
Provincially?
Locally?
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A7. With respect to the products produced in your
plant, please rate the importance of the following
factors in your business strategy (percentage
distribution of establishments):

importance

low
FACTORS 1

<
<

high

2 3 4 5

Markets and Products
(goods/services)

n/a

e) Using technology
developed by others

@] [ ) [ [

a) Maintaining current

products in present

markets
b) Introducing new

products in present

markets E
¢) Introducing current

products in new

markets [6 ] (6]
d) Introducting new

products in new

markets EI
Technology

i) Using new materials
j) Using existing
materials more

efficiently
Increasing line speed

[) Cutting labour costs

m) Implementing

rocesses | ) 2] ] [z =]
Y sompiers 6] [) [@ 2 &)
Y s Y ) 6 (=] [ B
p) Reducing waste

disposal costs

f) Improving existing

technologies/

processes @
g) Creating new

technologies/

rocessss 5] [13] [28] [z3] [is]| ]
h) Accessing R&D

facilities [o]
Production

=] [o] [

Management Practices
g) Continuously
improving quality
Entering into strategic

alliances/joint
ventures

)

el [

AT.

With respect to the products produced in your
plant, please rate the importance of the following
factors in your business strategy (percentage
distribution of establishments): — (concluded)

importance
low n/a

FACTORS 1

d
<

high
4 5

»
»

2 3

Human Resources Strategy

u) Continuously training

staff
Introducing innovative
(6] (6]

v)

w)

A8.

compensation
packages
Recruiting skilled
Please indicate how many firms (whether or not based
in Canada) offer products directly competing with
yours in Canada (percentage distribution of establishments):

employees
L3 INone [ 24 ]1t05 [ 36 J6to20 [ 37 Jover20

If NONE, skip to B1.

A9.

With respect to the products produced in your plant,
please score your plant’s competitive position relative
to your main competitors selling in the Canadian
market for each of the factors listed below. (Question
is tabulated only for those plants indicating in
guestion A8 that they have competition in Canada)
(percentage distribution of establishments):

same

v

3

behind ahead

FACTORS 1 2

v

Products and
Services

a) Quality of products
b) Customer services
¢) Range of products E
d) Flexibility in

responding to

customers’ needs @
e) Frequency of

introduction of new
products

N
!

Production Process

f) Use of advanced
manufacturing

13

processes 13]
g) Cost of production
h) Production

management
Innovation

s) Introducing innovative i) Investmentin
organizational research and
structure (e.g. cross- development
functional teams) h Speedif adoption
t) Using information of new products
technology EI and technologies
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A9.

With respect to the products produced in your
plant, please score your plant’s competitive position
relative to your main competitors selling in the
Canadian market for each of the factors listed
below. (Question is tabulated only for those plants
indicating in question A8 that they have competition
in Canada) (percentage distribution of establishments):
— (Concluded)

same
behind + ahead|don't
know
FACTORS 1 2 3 4 5

o
<

v

Human Resources

k) Investmentin

training EI EI
I) Skill levels of

employees

Section B: Production

B1.

What percentage of the shipments of your plant is
accounted for by high volume products? (mean
percentage of shipments)

percent

B5.

Please indicate whether your firm is involved in any
of the following R&D activities (percentage distribution
of establishments):

Not
at all

In Outside
Canada Canada

[°]
b) Does your firm do R&D

25
jointly with another firm
c) Does your firm contract out

R&D

ACTIVITIES

a) Does your firm do R&D
in-house

If you answered NOT AT ALL
to all three questions, skip to C1.

B2.

Please indicate whether your plant is engaged in
(percentage distribution of establishments):

Primary processing

OR
Secondary/value-added/further processing

OR

Both

B3.

Please provide the approximate number of major
new product and process innovations you
introduced in your plant in the last three years
(mean number of innovations):

Product innovations
Requiring process innovation

Product innovations
Not requiring process innovation

Process innovations
Not associated with product innovation

B4.

Please indicate, irrespective of whether you have a

research and development (R&D) program, whether
new products produced in your plant are introduced
by (percentage distribution of establishments):

<

es

B6.

Please indicate the objectives of your R&D program
during the last five years. (Question is tabulated for
those establishments indicating in question B5 that
they are involved in some R&D activity) (percentage
distribution of establishments):

OBJECTIVES Yes No
Creation of Original Equipment
or Process Technologies
a) Inyour firm
b) With related (sister) firms
c) With unrelated firms
d) With public R&D institutions/

universities
Substantial Adaptation of
Technology
e) Inyour firm
f) With related (sister) firms
g) With unrelated firms
h) With public R&D institutions/

universities

Minor Adaptation of Technology
i) Inyour firm

j)  With related (sister) firms

K) With unrelated firms

[)  With public R&D institutions/
universities

=
[ee]

o] Q[N |IN
2] [B][=][3]

=
(o]

N
()]

Creation of Original Products
m) In your firm

[oe]
[&)]

= N[ |Ww
(e¢] o

n) With related (sister) firms

0) With unrelated firms

p) With public R&D institutions/
universities

N

ol [N][N] [=
B8] [3][3] 5]

Adaptation of Existing Products

a) Purchasing the right to q) Inyour firm
produce products . . '
L . r) With related (sister) firms
b) Adapting, improving or
modifying existing products s) With unrelated firms
t) With public R&D institutions/
c) Developing new products universities
4-4800-1.1 Page 127



ectio B e Pra e Product and Process Development

Product Quality C3. Are the following product or process development
techniques used by your plant or your firm in
C1. Are the following practices or techniques, aimed at conjunction with your plant operations? (percentage
enhancing quality, regularly used in your plant? distribution of establishments) — (Concluded)
(percentage distribution of establishments)
TECHNIQUES Yes No N/A
PRACTICES/TECHNIQUES Yes No N/A
- - @ b) Quality function deployment
a) Continuous quali 7 14
) improvemen(tl (Cg) c) Cross-functional design teams
b) Benchmarking d) Concurrent engineering
c) Acceptance sampling e) Computer-aided design
d) Certification of suppliers f) Continuous improvement
e) Good manufacturing EI g) Process benchmarking
; 81 10
f Eractlcdes (GIMF)) iical h) Process simulation
azard analysis critica
control points (HACCP) i) Process value-added analysis
g) Food safety enhancement . . 1 37 61
program (FSEP) j) Other (please specify) 137 61

h) Plant quality certification
(e.g. 1S09000, American
Institute of Baking)

53 24

N
H!

w
S

Section D: Operations and Technologies

In this section, we are trying to assess the primary focus of
your operations and the advanced technologies you feel are
important to your plant.

i) Other (please specify)

Materials and Distribution Management

D1. Please indicate whether the operations in your plant

C2. Are the following practices, aimed at materials are primarily (percentage distribution of establishments):

management, used by your plant or your firm in

conjunction with your plant operations? (percentage 53 . 47
distribution of establishments) - Continuous OR - Batch
PRACTICES Yes No N/A

Fully automated OR Semi-automated
a) Materials requirement
planning (MRP)

A
©
=
©

N N w
R [B) [8 (8] (8] (8] [&]
[¢)]
(&)

w
w

b) Manufacturing resource Flexible Conventional
planning (MRP 1) 33 44 23 manufacturing OR manufacturing

c) Process changeover time system system
reduction 9 38 2

D2. For this question, please indicate the advanced
technologies (owned or leased) that are currently
being used for the benefit of your operation
(percentage distribution of establishments):

d) Just-in-time inventory control
e) Electronic work order

4
N
w
=
N =
RIE B [ & [B B [E

management 25
f) Electronic data interchange 1. Do you use any advanced technologies for Processing?
(EDI) 29 ald 2 If yes, please check off which of the following:
g) Distribution resource
h) Other (pl iy) 37 o2 1.1 Thermal Preservation
er (please speci
a) Aseptic processing/packaging
b) Retortable flexible packages @
Product and Process Development ¢) Infra red heating
C3. Are the following product or process development ; ; 1 62 33
techniques used by your plant or your firm in d; Ehmlc heating ther high
conjunction with your plant operations? (percentage €) Microwave or other hig
distribution of establishments) frequency heating
TECHNIQUES Yes No N/A f) Other (please specify)
a) Rapid prototyping
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D2. For this question, please indicate the advanced

technologies (owned or leased) that are currently
being used for the benefit of your operation
(percentage distribution of establishments): — (Continued)
Do you use any advanced technologies for Processing?
If yes, please check off which of the following:

Yes No N/A
1.2 Non-thermal Preservation
a) Chemical antimicrobials
b) Ultrasonic techniques
c) High pressure sterilization E
d) Deep chilling
e) Other (please specify)

Yes No N/A

1.3 Separation, Concentration,
Water Removal

a) Membrane process

(e.g. reverse osmosis)
b) Filter technologies
o E:eegr]]t rthfll':r?i?:té%rt]rifuge)
d) lon exchange
e) Vacuum microwave drying
f) Water activity control
g) Other (please specify)
Yes No N/A
1.4 Additives/Ingredients
a) Bio-ingredients
immobolized onymes)
b) Microbial cells
c) Other (please specify)
Yes No N/A
1.5 Other
a) Electrotechnologies
cioctoredutton)
b) Microencapsulation
c) Other (please specify)

Do you use advanced technology for Process Control?
If yes, please indicate which of the following:

Yes No N/A

a) Automated sensor-based

equipment used for inspection/

testing of materials/products
b) Automated statistical process

control
¢) Machine vision EI
d) Bar coding for control of product

flow in the plant
e) Programmable logic controllers
f) Computerized process control
g) Other (please specify)

Do you use advanced technology for Quality Control?
If yes, please check off which of the following:

Yes No N/A
3.1 Process Testing
a) Chromatography @
b) Monoclonal antibodies
c) DNA probes
d) Rapid testing techniques
e) Other (please specify)
Yes No N/A
3.2 Laboratory Testing
a) Automated
b) Other (please specify)

Yes No N/A
3.3 Simulation

a) Mathematical modelling of

quality/safety
b) Other (please specify)

Do you use advanced technology for Inventory and
Distribution?

If yes, please check off which of the following:
Yes No N/A

a) Bar coding
b) Automated product handling

c) Other (please specify)

4-4800-1.1
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5. Do you use advanced technology for 7. Do you use advanced technology in Pre-processing
Management/Information Systems/ Activities? — (Concluded)

Communications? If yes, please check off which of the following:

If yes, please check off which of the following:

Yes No Yes No N/A

£
>

7.2 Raw Product Quality
Assessment

N
N
=
»

a) Local area network (LAN) 43

43]  [42] | [26]
b) Wide area network (WAN) €) Electromechanical defect
c) Inter-company computer sortng .
networks f) Rapid testing techniques
d) Internet (for marketing or (e.g. residues, microbial)
promotional purposes) g) Other (please specify)

e) Internet (for procurement
requirements, point-of-sale data,
research, hiring, etc.)

N
H!
B [
[ee) ]

=

oo

f) Other (please specify)

)]
=
oo

Do you use advanced technology for Packaging?
If yes, please check off which of the following:

Yes No N/,

>

6. Do you use advanced technology for Materials
Preparation and Handling?

If yes, please check off which of the following: a) Non-integrated electronically

controlled packaging machinery

b) Integrated electronically

controlled packaging machinery 23

8.1 Equipment

<
7]

No N/

>

e

)
[

a) Integrated electronically
controlled machinery
(e.g. AGVs) 8.2 Preservation

b) Individual, electronically . 18 55
controlled non-integrated a) Modified atmosphere

machinery (e.g. robots)

c) Electronic detection of
machinery failure

=
H
N
!
N
H

N
o

)

w
N
AR N
al ][N
8] [5] [

8.3 Advanced Materials

a) Laminates
d) Other (please specify)

b) Active packaging

N =

B gl [of (g
[6)] N ~N| |
N N
]| [3] 3] 2]

c) Multi-layer 26

7. Do you use advanced technology in Pre-processing 8.4 Other (please specify) 55

Activities?

If yes, please check off which of the following:

Yes No N/A
7.1 Raw Product Quality 9. Do you use advanced Design and Engineering
Enhancement Technologies?
a) Animal stress reduction If yes, please check off which of the following:

(e.g. gas stunning)

b) Bran removal before milling
wheat

<
7]

No N/

>

e

56 a) Computer aided design (CAD)

and/or computer aided

57 engineering (CAE)

42 56 27

-
5|

c) Micro component separation

a1

3] [2][8] [2]
» B

N o

) Otrer lease speci) w] [[]| o capoumtusedto conro
(CADICAM)
¢) Computer aided simulation and
Yes  Noo ) NA prototypes
7.2 Raw Product Quality d) Digital representation of CAD
Assessment output used in procurement
activities

a) Electronic or ultrasonic grading 31

b) Collagen, colour or P.S.E. probe 63
¢) Near infra red (NIR) analysis E
d) Colour assessment/sorting
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D3. Of the major technologies listed above, please rate [e{=loitlolall =)<l Development
the significance (in terms of economic impact) of

the advanced technologies introduced into your El. Please indicate the educational attainment of the
plant in the last five years by functional area majority of your plant’s employees (including
(Question is tabulated only for those establish- seasonal workers and contract workers) (percentage
ments using the technology being considered) distribution of establishments):

(percentage distribution of establishments):

)

Sianifi ¢ Elementary College or University n/
igniticance no or High Technical
minor major|applicable School School
FUNCTIONAL PO GROUP
»

AREAS < " a) Production EI
a) Processing E 22 b)

Supervisory
b) Process control @

c) Professionals

¢) Quality control d s ﬁ
d) Inventory and ) Supportsta
distribution @ €) Management

e) Management
systems and
communications

f) Materials

handling
g) Pre-processing E

=
o

=

=

[y
~

=

ERBIEIN
[y

(o] [E] (8] [2] []

o

E2. Do you provide training (in-house or outside) for
your plant employees in the following areas when
you implement advanced technology? (percentage
distribution of establishments)

[

es No

NN
=] (5] [5] [&] [8]
<

i 4 28| |25] |19 15 . . .
:) EacI.(aglngd a) Basic language/literacy skills
i esign an
engineering @ b) Basic numeracy skills
- L c) Computer literacy
D4. Please indicate your plans to replace existing
technologies with advanced technologies at this d) Problem solving skills
location over the next three years (percentage
distribution of establishments): e) Technical skills
a) No plans f) Leadership skills
b) Under consideration g) Quality skills
c) Minor upgrade (less than 25%) h) Safety skills
d) Major upgrade (25% to 74%) i) Interpersonal communication skills
e) Total replacement (75% or more) | = | j) Other (please specify)

D5. Please indicate whether the introduction of process

technologies is done by (percentage distribution of .
establishments): Section F: Development of
In Outside | Neither New TeChnOI()gleS

Canada Canad .
METHODS anada tanada Sources of Ideas for New Technologies

a) Purchasing ready-to-use
equipment, documents, blue
prints, or designs from

F1. Please indicate which of the following sources play
an important role in providing ideas for the adoption

of new technologies (more than one may apply)
sources (percentage distribution of establishments):
b) Acquiring and modifying
existing technologies from In Outside | Neither
sources INTERNAL SOURCES Canada Canada
¢) Adapting technology
acquired from unrelated a) Head office E
firms located
d) Developing new processes b) Sister plants
by units of your own firm
located c) Research
e) Developing new processes d) Development
in conjunction with other
firms located e) Design
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F1. Please indicate which of the following sources play | F3. Please indicate which of the following are used by

an important role in providing ideas for the adoption your firm to develop new technologies (percentage
of new technologies (more than one may apply) distribution of establishments): — (Concluded)
(percentage distribution of establishments): — (Concluded) In Outside | Not
In Outside | Neither SOURCES Canada Canada | used
INTERNAL SOURCES Canada Canada
¢) Own firm production group
f)  Production engineering N
d) Other firms’ R&D or
g) Production staff production units
e) Head office or related (sister)
h) Technology watch group firms
) Sales/Marketing § Suppliers
) Other o) Consultants
Car|1nada 82:232 Neither h) Customers
EXTERNAL SOURCES i) Government/institutes/
) ) universities
k) Industrial research firms : :
j)  Other producers in your
) Consultants and service industry [9]
firms k) Other (please specify)
m) Publications
n) Trade fairs, conferences
Acquiring Outside Technologies
0) Suppliers g g. - - g -
F4. Please indicate which of the following sources are
p) Customers used by your firm to acquire new technologies
q) Other producers in your (percentage distribution of establishments):
industry In Outside | Not
Canada Canada | used
r) Industry associations SOURCES
s) Universities a) Suppliers
t) Federal or provincial b) Customers
research organizations ) oth g )
c er producers in your
u) Other industry
F2. What importance does your firm give to the d) Head office or related (sister)
systematic collection or monitoring of information firms
on the following? (percentage distribution of e) Government/institutes/
establishments) universities
importance .
low P high | n/a f) Other (please specify)
INFORMATION ON 1 2 3 4 5

[

d
a) New products [6] [o]
b) New technologies

F5. Please indicate the method used to acquire
technologies by source (percentage distribution of
establishments):

(o] [ [=][]

¢) New scientific SOURCE
developments 1 Related Other Not
d) Supply of skilled METHODS Firms Firms |applicable
personnel
a) Transfer agreements
Development of New Processes and New (e.g. licenses, patents, (9]
Technologies etc.)
b) Transfer of skilled
F3. Please indicate which of the following are used by ) personnel [ 6]
your firm to develop new technologies (percentage
distribution of establishments): c) Leasing or purchasing
c '”d 8Ut5ige NOL d) Joint venture/alliances
SOURCES anada anada use
e) Mergers/acquisitions @
a) Own firm research unit E f) Reverse engineering
b) Own firm development group g) Other (please specify) @ EI 100
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Implementation of New Technologies

used to incorporate new technologies into your

F6. Please indicate which of the following personnel are

G2.

For the industry in which your firm operates, please
rate the intensity of competition in the following
areas (percentage distribution of establishments):

plant (percentage distribution of establishments): low Importance high dr?:ts
. INTENSITY OF apply
own O(IL‘E{UE'{%S Not COMPETITION IN 12 3 4 5
OCCUPATION Firm Suppliers) |applicable - v
; a) Customization of
Profes_s,lonals ) products EI
a) Science professionals
b) Engineering b) Price EI EI
professionals c) Flexibility in
i cusomers neess (2] (1) [21) [ (31 [1]
professionals customers’ needs
d) Other (please specify) E d) Quality of products E
e) Customer service
Technicians ) gzzgngf?e\?g?eed
e) Science technicians products
f) Engineering science F tl
technicians 9 ini?ggsgn)é new/

g) Computer assistants improved products
h) Computer equipment G3. For the industry in which your firm operates, please
operators rate the degree of importance that firms attach to

i) Electronic equipment the following areas (percentage distribution of
: operators o establishments)
j) Plant and machine DEGREE OF i t
operators IMPORTANCE low mporianee high | n/a
k) Other (please specify) ATTACHED TO 11 2 3 4 5;
a) Skilled personnel IZI
. . .. . b) Use of advanced
Section G: Competitive Environment technologies [4]
G1. For the industry in which your firm operates, how c) Research and
strongly do you agree or disagree with each of the development
foltlol;/;/_ir%g sta;tt;ments? (percentage distribution of d) Product innovation
establishments
di neutral doets G4. How would you compare your production
Isagree * agree aggly technology vf\)/ith that of your most significant
STATEMENTS 1 5 3 4 5 competitors? (percentage distribution of
< > establishments) less about more |does
ad- the ad- not
a) Imgorts foler COMPETITORS vanced same vanced|apply
substantial 1 2 3 4 5
competition < >
b) Consumer demand .
. - a) Other producers in
| s easy o predi [e]| [e] Canada
c) Competitors actions
are easy to predict b) Producersinthe U.S.
d) Igrigzr;[li\t/c?rlsoifsnaew - - - - - E ¢) Producers in Europe @ E
constant threat d) Other foreign
10| (24| [14 40
e) Products quickly = 2] (33 [ 5 — producers (6] [6 ]| [40]
become obsolete [12] G5. In which of the following functional technology
Production techno- d feel lant suffers significant
0 Iozgoy gﬁz;ggezcra?)ci)dly ?ergﬁﬁolggi?zgl g?sgdovue{n?a?esiu (peerr?::rL?argelcdizrtlribution
g) Competitors can of establishments)
easily substitute
among suppliers FUNCTIONAL AREAS Yes No N/A
h) Customers and/or a) Processing
suppliers can
become competitors b) Process control
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G5.

In which of the following functional technology
areas do you feel your plant suffers significant
technological disadvantages? (percentage distribution
of establishments) — (Concluded)

H1.

Please indicate the importance of the following
effects as the result of adopting advanced
technology (percentage distribution of establishments)
— (Concluded)

importance
FUNCTIONAL AREAS Yes No n/a low high | n/a
RESULTS 1 2 3 4 5
¢) Quality control < >
d) Inventoryand distribution Product |mprovement
e) Information systems/ f)  Nutrition [o]
communications g) Taste/texture/
e appearance c]
f) Materials handling
h) Shelflife (6]
9) Pre-processing i) Consumer flexibility/
h) Packaging convenience
i) Design and engineering Changes in Plant
G6. Are you a multi-plant firm? (percentage distribution of Organization
establishments) j) Firm rationalization of
product lines among
plants E
k) Decreased plant size
If NO, skip TO H1.
P [) Increased plant size
G7. How would you compare your production .
technology with that of other plants also owned by m) More product lines IEI
your parent company in Canada and outside of n) Increased production
Canada? (Question is tabulated only for multi-plant flexibility
firms as identified by question G6) (percentage 0) Higher skill set
distribution of establishments) required
less about more |does
ad- the ad- not . .
vanced same vanced |apply Improvgment in Meeting or
RELATED 1 2 3 4 5 Excegdlng Regulatory
PLANTS < > Requirements
a) InCanada p) Workers health and
5 Outide Canada safety [=]
q) Food safety
Section H: Results of Adoption r) Environmental
| | " o fol protection [o]
H1. Please indicate the importance of the following
effects as the result of adopting advanced s) Food composition [7] E [23] [2
technology (percentage distribution of establishments)
importance _ Other
RESULTS ow , , MM Mal b other (please speciy) [1] [0] [1] [o] [o]
d »
Improvement in
Productivity Due to — - -
duced labour H2. Please indicate whether the introduction of
a) rRe?quliJr(;%ents per unit advanced technologies in your plant has increased,
decreased or had no effect on the following input
of output 6] requirements (percentage distribution of establishments)
b) Reduced material
consumption per unit INPUTS increased decreased no
of output EI ) effect
c) Reduced capital Raw Materials
(plant and equipment) a) Need for uniform and "
requirements per unit consistent quality 3 48
of output [6] b) Need for timeliness of
i 44 3 54
d) Reduced set-up time [9] ) zlellvde;y ) 44 54
- c) Need for specific
e) Reduced rejection attributes (compositi
position,
rate size, etc.)
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H2. Please indicate whether the introduction of 12. Please indicate the importance of the following

advanced technologies in your plant has increased, factors as impediments to technology acquisition
decreased or had no effect on the following input (percentage distribution of establishments)
requirements (percentage distribution of establishments): importance
— (Concluded) low high | n/a
IMPEDIMENTS 1 2 3 4 5
INPUTS increased decreased no < >
) effect Management

Raw Materials a) Lack of procedures to
d) Ability to substitute less acquire scientific and

expensive for more technological

expensive raw materials information
e) Need to substitute L 151 [171 321 16 11

imported for domestic b) Low strategic priority

raw materials c) Lack of capabilities to

evaluate new

Labour technology

f) Ability to substitute less

skilled for more skilled Human Resources

personnel d) Shortage of skills E
9) legl(Iaed dt?()?lfg;;it:mg:jore e) Training difficulties (6]
personnel @ f)  Worker resistance

. . . External support
Section I: Impediments to Adoption services

g) Lack of technical

I1. Please indicate the importance of the following support from vendors
_flnanc!al considerations and deC|_S|_o_ns as h) Lack of technological
impediments to technology acquisition (percentage services (e.g
distribution of establishments) technical and

scientific consulting,

N
N

ow importance high | nfa tests, standards)
IMPEDIMENTS 1 2 3 4 5 Government
- w Policies/Standards/

Lack of Financial

e Regulations
Justification Due to )
&) Small market size i) Labour
b) Degree of uncertainty j) Food Composition
associated with
evaluation of benefits k) Food safety
c) Costofbuying, ) Plant hygiene
leasing or developing ) [7] (28] (1] [i2] 0]
new technology/ m) Environment 19| |17 28| |14 |12 |||10
equipment EI @ EI
Other
d) Costs to develop
software n) Other (please specify) IZI EI EI
e) Cost of integrating
new technology with

current technology @

f) Additional operating

cost

Section J: Role of Government

= =
[ [

J1. Please rate the importance to you of the
government programs/services that have directly

Lack of Financial benefited your plant in the last three years
Resources (percentage distribution of establishments)
Lack of outsid
P nanong importance
low high | not
h) Lack of cash flow PROGRAMS/SERVICES 1 2 3 4 5 lsed
| L
Other -
a) Government training
i) Other (please specify) [o] [o] programs
b) Government market
information services EI
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J1. Please rate the importance to you of the
government programs/services that have directly
benefited your plant in the last three years
(percentage distribution of establishments):

— (Continued)

importance
low high

< »
W »

c) Government export
incentives and
services

d) Government
information and
technical assistance

programs (e.g. IRAP) EI
D e a
) vestment grants
Q) Governmgntstrategic

pogame 4] 9] 2] (3] [2]
h) Eg;fi(;;nsment research EI

PROGRAMS/SERVICES 1 2 3 4 5 |used

Uy

B

N

N
N

b
& [3] [

[¢)]

N
©

N

] 8]

J1. Please rate the importance to you of the
government programs/services that have directly
benefited your plant in the last three years
(percentage distribution of establishments):

— (Concluded)

importance
low high | not

PROGRAMS/SERVICES

1
<
<

v

i) Taxincentives for
machinery and

w
J

[18] [10] [16] [10] [¢]

equipment
j) Intellectual property

protection EI
k) Government

procurement

(purchase of goods

and services)
) R&D tax credit

m) Government hiring
program for recent
science graduates

(=] [o]

HH

] 5]
[°] [e]
(=] [e]

n) Other (please specify) [4

2 3 4 5 |used

Thank you for your co-operation

Statistics Canada Regional Office
Guy-Favreau Complex - East Tower
200 René Lévesque Blvd. West

Suite 408

Montréal, Québec

H2Z 1X4

Local calls: 283-5724
Toll free: 1-800-363-6720
Facsimile:  1-514-283-7969

Do not hesitate to contact the regional office if you have any concerns or questions

Statistics Canada Regional Office
Civic Administration Centre

225 Holditch St. 2nd Floor
Sturgeon Falls, Ontario

POH 2G0

Local calls: 753-4888
Toll free: 1-800-461-1662
Facsimile:  1-800-787-3161
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Appendix B: Standard Error Estimates

Micro-Economic Analysis Division
Survey of Advanced

Food Processing Industry

.|
A Technology in the Canadian

Confidential when completed

Si vous préférez ce questionnaire en
francais, veuillez cocher |:|

Collected under the authority of the

Statistics Act, Revised Statutes of
Canada, 1985, Chapter S19.

<)

Survey Objective and Coverage

The objective of this survey is to provide statistics on the
technological capabilities of establishments in the food
processing industry. Statistics Canada will create a data
base combining individual survey responses with existing
Statistics Canada data records. These data will be released
in aggregate form only so as to maintain the confidentiality
of individual business records. The survey will provide the
basis for informed decisions on policies and programs
concerning technology adoption in the food industry.

Voluntary Survey

While participation in this survey is voluntary, your co-
operation is important to ensure that the information
collected in this survey is as accurate and as comprehensive
as possible.

Confidentiality

Statistics Canada is prohibited by law from publishing any
statistics which would divulge information obtained from the
survey that relates to any identifiable business without the
previous written consent of that business. Data reported on
this questionnaire will be treated in confidence, used for
statistical purposes and published in aggregate form only.

Questions?

If you require assistance in the completion of this
questionnaire or have any quesitons regarding this survey,
please phone one of the Statistics Canada regional offices.

In this questionnaire, we refer to several concepts involving the word “firm”. Your firm refers to the legal entity that owns your
plant. Controlling and/or related firm refers to the legal entities connected to your firm through ownership links.

Section A: General Questions

Al. Please indicate the countries in which your

controlling firm has any of the following operations

(percentage distribution of establishments):

Production Research &
COUNTRIES Unit Development Unit

Canada
U.S.A.
Other foreign

A4. Does your plant substantially add to its workforce to
meet seasonal peaks? (percentage distribution of
establishments):

Yes No

A2. Please indicate the geographic region of the head

office of your controlling firm, or in the absence of a

controlling firm, the head office of your own firm
(percentage distribution of establishments):

REGION

Canada
U.S.A.
Other foreign

A3. Please indicate which of the following markets are

served by the products produced in your plant
(percentage distribution of establishments):

MARKETS

Regional Canadian markets
National Canadian markets
U.S. markets
Other foreign markets

A5. Please indicate the maximum number of employees
in your plant (including seasonal workers and
contract workers) during the last year (percentage
distribution of establishments):

NUMBER OF EMPLOYEES
Less than 20 1.2

20 to 49 1.6
50 to 99 1.4

100 to 249 1.2

250 or more

A6. Is your plant inspected (percentage distribution of
establishments):

Federally? 4

Provincially? 1

= ; [
[e2)

Locally? 5
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A7. With respect to the products produced in your
plant, please rate the importance of the following
factors in your business strategy (percentage
distribution of establishments):

AT.

With respect to the products produced in your
plant, please rate the importance of the following
factors in your business strategy (percentage
distribution of establishments): — (concluded)

| importance . / importance
o '9 ye low high | n/a
FACTORS ‘1 2 3 4 5 % FACTORS 1 2 3 4 5
| » al »
Markets and Products h "
(goods/services) Human Resources Strategy
a) Maintaining current u) Continuously training
products in present staff
markets V) Introducing'innovative
b) Introducing new R
products in present packages
markets . : : w) Recruiting skilled
o) Introducir)g current employees
mg?kﬁtss in new A8. Please indicate how many firms (whether or not based
. in Canada) offer products directly competing with
d) m&;‘(’jﬂ‘ggrﬁ 22‘3’\/ yours in Canada (percentage distribution of establishments):
markets 106 |None (L5 J1to5 [L7 l6t020 [L7 Jover 20
Technology If NONE, skip to B1.
e) Using technology
developed by others A9. With respect to the products produced in your plant,
f) Improving existing please score your plant’s competitive position relative
technologies/ to your main competitors selllng in the Canadian .
processes market for each of the factors listed below. (Question
g) Creating new is tabylated only for those plants ir!d_icat_ing in
technologies/ questlotn ASJ'h?Ft)tht'ey h?ve t(:()brlp%etltltzn '|n Canada)
DrOCesses (percentage distribution of establishments):
same
h) Accessing R&D ; '
= ) (] [ze] [3) [2] o] befind - ahead jdomn
Production FABIORS ‘1 2 3 4 5‘
i) Using new materials Products and -
i) Using existing Services
;nﬁ?é?éﬁll;more a) Quality of products
k) Increasing line speed b) Customerservices
[) Cutting labour costs %) Range“ofproducts
m) Implementing d) FIeX|bllgy|nt
responding to
S?g?:ré:;eerscontrolled customers’ needs
n) Using high quality e) _Freotl;enf_:yoff
supplers irvenid o
0) Reducing energy
costs Production Process
Reducing waste Use of advanced
P disposalgcosts ) manufacturing
processes
Management Practices
a) i(r:norz]rgrsllijr?;(sqlzality g) Cost of production
S ) h) Production
r El?terlng/l_nt_o strategic management
alliances/joint
ventures Innovation
s) Introducing innovative i) Investmentin
organizational research and
structure (e.g. cross- development
funcionateamey . 3] (2] [e) (1] 2] [we]| - develoement
j) Speed of adoption
t) Using information of new products
technology and technologies
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A9.

With respect to the products produced in your
plant, please score your plant’s competitive position
relative to your main competitors selling in the
Canadian market for each of the factors listed
below. (Question is tabulated only for those plants
indicating in question A8 that they have competition
in Canada) (percentage distribution of establishments)
— (Concluded)

same
behind + ahead|don't
know
FACTORS i 2 3 4 5
< >

Human Resources

k) Investmentin

training
I) Skill levels of

employees

Section B: Production

B1.

What percentage of the shipments of your plant is
accounted for by high volume products? (mean
percentage of shipments)

percent

B5.

Please indicate whether your firm is involved in any
of the following R&D activities (percentage distribution
of establishments):

In Outside
Canada Canada

b) Does your firm do R&D

15
jointly with another firm
c) Does your firm contract out

R&D

Not
at all

ACTIVITIES

a) Does your firm do R&D
in-house

If you answered NOT AT ALL
to all three questions, skip to C1.

B2.

Please indicate whether your plant is engaged in
(percentage distribution of establishments):

Primary processing

OR
Secondary/value-added/further processing

OR
Both
B3. Please provide the approximate number of major

new product and process innovations you
introduced in your plant in the last three years
(mean number of innovations):

Product innovations
Requiring process innovation

Product innovations
Not requiring process innovation

Process innovations
Not associated with product innovation

B6.

Please indicate the objectives of your R&D program
during the last five years. (Question is tabulated for
those establishments indicating in question B5 that
they are involved in some R&D activity) (percentage
distribution of establishments):

OBJECTIVES

<

es No

Creation of Original Equipment
or Process Technologies

a) Inyour firm
b) With related (sister) firms
c) With unrelated firms
d) \lj\rl]llt\tlepr);glel(; R&D institutions/
Substantial Adaptation of

Technology

e) Inyour firm
f)  With related (sister) firms
g) With unrelated firms
h) \J\::It\tle[r);ggg R&D institutions/

Minor Adaptation of Technology
i) Inyour firm

j)  With related (sister) firms

K) With unrelated firms

[) With public R&D institutions/
universities

ol I ol B ol N
PN |w] [N
= e
~N| foo |0 |

Creation of Original Products
m) In your firm

B4. Please indicate, irrespective of whether you have a n) With related (sister) firms
research and development (R&D) program, whether ) ( )
new products produced in your plant are introduced 0) With unrelated firms
by (percentage distribution of establishments): p) With public R&D institutions/
universities
Yes No B .
Adaptation of Existing Products
a) Purchasing the right to g) Inyour firm
produce products . . ) . ;
L . r) With related (sister) firms
b) Adapting, improving or
modifying existing products s) With unrelated firms
t) With public R&D institutions/ : -
c) Developing new products universities
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Product Quality

Product and Process Development

enhancing quality, regularly used in your plant?
(percentage distribution of establishments)

PRACTICES/TECHNIQUES Yes No
a) Continuous quality

improvement (CQI)
b) Benchmarking
c) Acceptance sampling
d) Certification of suppliers
e) Good manufacturing

practices (GMP)
f) Hazard analysis critical

control points (HACCP)
g) Food safety enhancement

program (FSEP)
h) Plant quality certification

(e.g. 1S09000, American

Institute of Baking)
i) Other (please specify)

C1. Are the following practices or techniques, aimed at

=
>

BN s
||| |F

= = =
I N [

=e
©| o

Materials and Distribution Management

C3.

Section D: Operations and Technologies

In this section, we are trying to assess the primary focus of
your operations and the advanced technologies you feel are
important to your plant.

Are the following product or process development
techniques used by your plant or your firm in
conjunction with your plant operations? (percentage
distribution of establishments) — (Concluded)

TECHNIQUES Yes No N/A
b) Quality function deployment
c) Cross-functional design teams
d) Concurrent engineering
e) Computer-aided design
f) Continuous improvement
g) Process benchmarking
h) Process simulation
i) Process value-added analysis
j) Other (please specify)

C2. Are the following practices, aimed at materials
management, used by your plant or your firm in

D1.

Please indicate whether the operations in your plant
are primarily (percentage distribution of establishments):

conjunction with your plant operations? (percentage 18 . 18
distribution of establishments) Continuous OR Batch
PRACTICES Yes No N/A
Fully automated OR Semi-automated
a) Materials requirement
planning (MRP)
b) Manufacturing resource Flexible Conventional
planning (MRP 1) manufacturing OR manufacturing
c) Process changeover time A Eaa
reduction ' 8 %/ (b2, For this question, please indicate the advanced
s technologies (owned or leased) that are currently
-in- 1.8 1.7 1.4 : . :
d; ‘I]EIIJSt n tl.me |n\|:ent(§)ry oyl being used for the benefit of your operation
€ ectronic work order (percentage distribution of establishments):
management
f) Electronic data interchange 1. Do you use any advanced technologies for Processing?
(EDI) If yes, please check off which of the following:
g) Distribution resource
planning (DRP) Yes No N/A
) @ (esesiasi) 1.1 Thermal Preservation
a) Aseptic processing/packaging
b) Retortable flexible packages
Product and Process Development B L s
C3. Are the following product or process development d) Ohmiic heatin 03 1.8 18
techniques used by your plant or your firm in ; Mi 9 ther high
conjunction with your plant operations? (percentage €) Microwave oroerhig
distribution of establishments) frequency heating
TECHNIQUES Yes No N/A f) Other (please specify)
a) Rapid prototyping
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D2. For this question, please indicate the advanced

technologies (owned or leased) that are currently
being used for the benefit of your operation
(percentage distribution of establishments): — (Continued)
Do you use any advanced technologies for Processing?
If yes, please check off which of the following:

Yes No N/A
1.2 Non-thermal Preservation
a) Chemical antimicrobials
b) Ultrasonic techniques
¢) High pressure sterilization
d) Deep chilling
e) Other (please specify)

Yes No N/A

1.3 Separation, Concentration,
Water Removal

a) Membrane process
(e.g. reverse 0smosis)

b) Filter technologies

c) Centrifugation
(e.g. ultracentrifuge)

d) lon exchange
e) Vacuum microwave drying

f) Water activity control

Sl (ke (e =l e
a |w| |n |0 |+ NN
= =] [~] [~] [~ = [~
| [co| |oof [cof |00 | | oo
NI i il
oo [N] [0 [ [N N

g) Other (please specify)

<

N/

7]
zZ
o
>

e
1.4 Additives/Ingredients
a) Bio-ingredients
(e.g. restructured/
immobolized enzymes)

b) Microbial cells

o =
[N N
NIl
| || [0
Rl (] [~
o] [N [N

c) Other (please specify)

<
7]

No N/

>

e
1.5 Other

a) Electrotechnologies
(e.g. electrodialysis,
electroreduction)

b) Microencapsulation

o ol |o
N w B
=
o] | |
NS
[e¢] Q| |

c) Other (please specify)

Do you use advanced technology for Process Control?
If yes, please indicate which of the following:

Ye! No N/

n
>

a) Automated sensor-based
equipment used for inspection/
testing of materials/products

b) Automated statistical process
control
¢) Machine vision

d) Bar coding for control of product
flow in the plant

e) Programmable logic controllers

© o e L
[¢)] ~ [¢)] [¢)]
[= ]| [P [=
o] ~ o] [oe]

i N s
o] (0] 0] |[of [0 |lo |o

f) Computerized process control
g) Other (please specify)

Do you use advanced technology for Quality Control?
If yes, please check off which of the following:

<
7]

=
>

e No

3.1 Process Testing

a) Chromatography

b) Monoclonal antibodies
c) DNA probes

d) Rapid testing techniques

=] [~ =] [~
o |w ERES
i
oo | |oo| [N |~ [N
R e] (k][] [~
o |lof [N] |N] o

e) Other (please specify)

Yes No N/A
3.2 Laboratory Testing
a) Automated
b) Other (please specify)

Yes No N/A
3.3 Simulation

a) Mathematical modelling of

quality/safety

=he
o |~

b) Other (please specify)

Do you use advanced technology for Inventory and
Distribution?

If yes, please check off which of the following:
Yes No N/A

a) Bar coding
b) Automated product handling

c) Other (please specify)

4-4800-1.1
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5. Do you use advanced technology for
Management/Information Systems/
Communications?

If yes, please check off which of the following:

Ye No

]
Z
<
>

a) Local area network (LAN) 7

b) Wide area network (WAN)

c) Inter-company computer
networks

d) Internet (for marketing or
promotional purposes)

e) Internet (for procurement
requirements, point-of-sale data,
research, hiring, etc.)

REREREE
[¢}] o w

NEREEEE
[ee] [ee] ~ oo
NEREEIR
» » a1 w

o] [r
N o
=re
©| |
HIR
o] b

f) Other (please specify)

Do you use advanced technology in Pre-processing

Activities? — (Concluded)
If yes, please check off which of the following:

Yes No

7.2 Raw Product Quality
Assessment

e) Electromechanical defect

sorting

f) Rapid testing techniques

(e.g. residues, microbial)
g) Other (please specify)

N/A

=er R
®| || [N

6. Do you use advanced technology for Materials
Preparation and Handling?

If yes, please check off which of the following:

<
7]

No N/

>

e

a) Integrated electronically
controlled machinery
(e.g. AGVs)

b) Individual, electronically
controlled non-integrated
machinery (e.g. robots)

c) Electronic detection of
machinery failure

=
[
=
\,
[
&)

o] [~ [=Y
N N o
= =
| |oo ~
[ [
| [»n &)

d) Other (please specify)

7. Do you use advanced technology in Pre-processing
Activities?

If yes, please check off which of the following:

<
7]

No N/

>

e

7.1 Raw Product Quality
Enhancement

a) Animal stress reduction
(e.g. gas stunning)

b) Bran removal before milling
wheat

c) Micro component separation

ol e|e
w| [w]|[>

I i =
©| || |0 ©
I i =
©| |00 ] [0 ©

d) Other (please specify)

Do you use advanced technology for Packaging?

If yes, please check off which of the following:

Yes No
8.1 Equipment

a) Non-integrated electronically

controlled packaging machinery

b) Integrated electronically

controlled packaging machinery

N/

>

EHRE
[¢)] [$)]

8.2 Preservation

a) Modified atmosphere

H
(o]

8.3 Advanced Materials
a) Laminates
b) Active packaging

c) Multi-layer

o = =
() ~ w
= EhE e
© ©| |N| |

8.4 Other (please specify)

iR
o | [0 o o

<
()
7]
P4
o

N/

>

7.2 Raw Product Quality
Assessment

=

N
=] [~][~] [~
o (NN [N

a) Electronic or ultrasonic grading
b) Collagen, colour or P.S.E. probe 18

¢) Near infra red (NIR) analysis
d) Colour assessment/sorting

Do you use advanced Design and Engineering
Technologies?

If yes, please check off which of the following:

No

<
()
7]

a) Computer aided design (CAD)
and/or computer aided
engineering (CAE)

b) CAD output used to control
manufacturing machines

=
[N
=
e

(CAD/CAM)
¢) Computer aided simulation and
prototypes

d) Digital representation of CAD
output used in procurement
activities

o2
w| >
=he
o | |~

e) Other (please specify)

=
>

5|
(o]

5l 5l
(o] [¢))

5| 5]
(o] [e2)
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D3. Of the major technologies listed above, please rate [e{=loitlolall =)<l Development
the significance (in terms of economic impact) of

the advanced technologies introduced into your El. Please indicate the educational attainment of the
plant in the last five years by functional area majority of your plant’s employees (including
(Question is tabulated only for those establish- seasonal workers and contract workers) (percentage
ments using the technology being considered) distribution of establishments):

(percentage distribution of establishments):

o Elementary College or University n/a
Significance not or High Technical
minor major|applicable School School
FUNCTIONAL 1 2 3 4 5 GROUP
AREAS < >
g a) Production
a) Processing b) Supervisory
1.4 |13 (1.2 1.7 .
b) Process control c) Professionals
i 1.3| |1.4| (1.4 1.7
¢) Quality control 1.7] d) Support staff
d) Inventory and
distribution €) Management
e) Management
systems and
communications E2. Do you provide training (in-house or outside) for
f) Materials your plant employees in the following areas when
handling you implement advanced technology? (percentage
_ distribution of establishments)
g) Pre-processing Yes  No
:) EacI.(agingd a) Basic language/literacy skills
i esign an
engineering b) Basic numeracy skills
L . c) Computer literacy
D4. Please indicate your plans to replace existing
technologies with advanced technologies at this d) Problem solving skills
location over the next three years (percentage
distribution of establishments): e) Technical skills
) Noldais f) Leadership skills
b) Under consideration g) Quality skills
c) Minor upgrade (less than 25%) h) Safety skills
d) Major upgrade (25% to 74%) i) Interpersonal communication skills
e) Total replacement (75% or more) j) Other (please specify)

D5. Please indicate whether the introduction of process

technologies is done by (percentage distribution of .
establishments): Section F: Development of
In Outside | Neither New TeChn()IOgleS

Canada Canad :

METHODS anada tanada Sources of Ideas for New Technologies

a) Pur(_:hasing ready-to-use F1. Please indicate which of the following sources play
Sﬂmgmoer”;ég%‘ig?%%sl blue an important role in providing ideas for the adoption

J of new technologies (more than one may apply)

Selices (percentage distribution of establishments):

b) Acquiring and modifying
existing technologies from In Outside | Neither
sources INTERNAL SOURCES Canada Canada

c) Adapting technology
acquired from unrelated al Head office 0.9
firms located ) -

d) Developing new processes b) Sister plants
by units of your own firm
located c) Research

e) Developing new processes d) Development
in conjunction with other
firms located e) Design
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F1. Please indicate which of the following sources play | F3. Please indicate which of the following are used by
an important role in providing ideas for the adoption your firm to develop new technologies (percentage
of new technologies (more than one may apply) distribution of establishments): — (Concluded)
(percentage distribution of establishments): — (Concluded) In Outside | Not

In OQutside | Neither SOURCES Canada Canada | used

INTERNAL SOURCES Canada Canada
¢) Own firm production group
f)  Production engineering H E N
d) Other firms’ R&D or
g) Production staff - [07] production units
e) Head office or related (sister
h) Technology watch group ) - ( )
) Sales/Marketing - 1] § Suppliers
) Other os]  [o3] o) Consultants
Car|1nada g:;saigz Neither h) Customers
EATERNAL SIOUIRCES i) Government/institutes/
universities : :
i ] 1.4 1.5
k) Industrial research firms - - i _Other producers in your
) Consultants and service industry
firms k) Other (please specify)

m) Publications

n) Trade fairs, conferences

Acquiring Outside Technologies

F4. Please indicate which of the following sources are
used by your firm to acquire new technologies
(percentage distribution of establishments):

0) Suppliers

p) Customers
g) Other producers in your

Lol I Kl I ol ol I I ol O ol I
ol [N o] |oof |N| |0 [o] | N

o =e B RIS

w| [w N v |N] (0] |+
ol |k ol Il N o iR E=
0| |o | [N |® | |N]| | ™ |®

industry In Outside | Not
. SOURCES Canada Canada | used
r) Industry associations
s) Universities a) Suppliers
t) Federal or provincial b) Customers
research organizations ) oth g )
c) Other producers in your
u) Other 3 industry
F2. What importance does your firm give to the d) Head office or related (sister)
systematic collection or monitoring of information firms
on the following? (percentage distribution of e) Government/institutes/
establishments) universities
importance .
oy P high | n/a f) Other (please specify)
INFORMATION ON 1 2 3 4 5
o
a) New products F5. Please indicate the method used to acquire
technologies by source (percentage distribution of
b) New technologies establishments):
¢) New scientific SOURCE
developments Related Other Not
d) Supply of skilled METHODS Firms Firms |applicable
personnel
a) Transfer agreements
Development of New Processes and New (e.g. licenses, patents,
Technologies etc.)
— X - b) Transfer of skilled
F3. Please indicate which of the following are used by personnel
your firm to develop new technologies (percentage
distribution of establishments): c) Leasing or purchasing
In Outside | Not d) Joint venture/alliances

SOURCES Canada Canada | used
e) Mergers/acquisitions

a) Own firm research unit f) Reverse engineering

b) Own firm development group g) Other (please specify)
Page 144 4-4800-1.1
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Implementation of New Technologies

used to incorporate new technologies into your

F6. Please indicate which of the following personnel are

G2.

For the industry in which your firm operates, please
rate the intensity of competition in the following
areas (percentage distribution of establishments):

plant (percentage distribution of establishments): o BT high dr?:ts
3 INTENSITY OF apply
own O(mslrufj'ir:gs Not COMPETITION IN 12 3 4 5
OCCUPATION Firm Suppliers) |applicable - v
; a) Customization of
P)rofses_smnalsf . products
a) Science professionals : : :
D eramoan ) Price o] [0 el [17] [13)| [c2]
) g g
professionals c) Flexibility in
¢) Computin responding to
) profegsior?als customers’ needs
d) Other (please specify) d) Quality of products
e) Customer service
Technicians ) gzegngf?e\?g?eed
e) Science technicians progucts
f) Engineering science E tl
technicians 9 ini?ggsgn)é new/

g) Computer assistants Improved products
h) Computer equipment G3. For the industry in which your firm operates, please
operators rate the degree of importance that firms attach to

i)  Electronic equipment the following areas (percentage distribution of
) operators aup establishments):
j) Plant and machine DEGREE OF i t
operators IMPORTANCE low mporianee high | n/a
k) Other (please specify) ATTACHED TO 41 2 3 ‘ 5;
a) Skilled personnel
. . " . b) Use of advanced
Section G: Competitive Environment technologies
G1. For the industry in which your firm operates, how ¢) Research and
strongly do you agree or disagree with each of the development
foltlol;/;/_img sta;tt;ments? (percentage distribution of d) Product innovation
establishments
. e doets G4. How would you compare your production
1sagree * cliss aggly technology with that of your most significant
STATEMENTS 1 2 3 4 s competitors? (percentage distribution of
< > establishments) less about more |does
ad- the ad- not
a) Imgorts foler COMPETITORS vanced same vanced|apply
substantial 1 2 3 4 5
competition < >
b) Consumer demand .
. . Oth d
| sy ope ¥ Egpseh
c) Competitors actions
are easy to predict b) Producers inthe U.S.
d) 1’2% ICz;lgtli\t/cz;lrlsoifsnaew - - Z; gl;(;du:ers.in Europe
constant threat 1.2| [1.6] [1.7] [1.3] [0.7]| |1.1 er ioreign
1.1] [1.5] [1.2 1.8
e) Products quickly producers 18]
become obsolete G5. In which of the following functional technology
f)  Production techno- areas do you feel your plant suffers significant
logy changes rapidly (1.6 [1.5] [1.5] [1.2 1.2 technological disadvantages? (percentage distribution
[1.2] :
g) Competitors can of establishments)
easily substitute
e SRS FUNCTIONAL AREAS Yes No N/A
h) Customers and/or a) Processing
suppliers can
become competitors b) Process control
4-4800-1.1 Page 145



G5. In which of the following functional technology H1. Please indicate the importance of the following
areas do you feel your plant suffers significant effects as the result of adopting advanced
technological disadvantages? (percentage distribution technology (percentage distribution of establishments)
of establishments) — (Concluded) ) .

Importance
FUNCTIONAL AREAS Yes No n/a low high | n/a
RESULTS 1 2 3 4 5
¢) Quality control < >
d) Inventoryand distribution Product |mpr0vement
- f) Nutrition
e) Information systems/
communications : : : g) Taste/texture/
) ) appearance
f) Materials handling : :
. =1 ©E | h) Shelf-life
g) Pre-processing ; -
i) Consumer flexibility/
h) Packaging convenience
i i i i 1.7 1.8 1.6
i) Design and engineering 1.7] 18] 1.6] Changes in Plant
. . A Organization

G6. Are you a multi-plant firm? (percentage distribution of 9
establishments) j) Firm rati(_)nalization of
Yes  No o
- - k) Decreased plant size
If NO, skip TO H1.

[) Increased plant size

G7. How would you compare your production .
technology with that of other plants also owned by m) More product lines
your parent company in Canada and outside of n) Increased production
Canada? (Question is tabulated only for multi-plant flexibility -
firms as identified by question G6) (percentage 0) Higher skill set
distribution of establishments) required

less about more |does
ad- the ad- not | in Meeti
vanced same vanced |apply mprovementln SR Tl
RELATED 1 2 3 4 5 Excegdlng Regulatory
PLANTS < > Requirements
a) In Canada p) Workers health and
. 0.7 15( |1.7| [1.7]]|11
) Outside Canada safety 17] 7]}
Section H: Results of Adoption [
Section H: Results of Adoption r) Environmental
protection 15

H1. Please indicate the importance of the following
effects as the result of adopting advanced s) Food composition
technology (percentage distribution of establishments)

importance Other
o gl || e t) Other (please specify) |0.3 0.3 0.4
RESULTS AP ) (please specify) [03] [=] [oa] [-] [-]/fo4]
d »
Improvement in
Productivity Due to
Red ;ll b H2. Please indicate whether the introduction of
a) re?qulijr(;%eﬁtso&rer unit advanced technologies in your plant has increased,
decreased or had no effect on the following input
0.7 14| 16| [1.6]]|1.2 - L }
of output 6] [v6] requirements (percentage distribution of establishments)
b) Reduced material
consumption per unit INPUTS increased decreased no
of output ) effect
c) Reduced capital Raw Materials
(plant and equipment) a) Need for uniform and ] i
requirements per unit consistent quality 1.8 1.8
of output b) Need for timeliness of
i 1.8 0.5 1.8
d) Reduced set-up time delivery . - - -
e) Reduced rejection &) INEHROTEIEehis
10l 1ol 4] el elllis a.ttrlbutes (composition,
rate 6] [L6]|[13] Sl

Page 146 4-4800-1.1



H2. Please indicate whether the introduction of 12. Please indicate the importance of the following

advanced technologies in your plant has increased, factors as impediments to technology acquisition
decreased or had no effect on the following input (percentage distribution of establishments):
requirements (percentage distribution of establishments): importance
— (Concluded) o high | n/a
IMPEDIMENTS 1 2 3 4 5
INPUTS increased decreased no < >
) effect Management
Raw Materials a) Lack of procedures to
d) Ability to substitute less acquire scientific and
expensive for more technological
expensive raw materials information
e) Need to substitute S
) . . b) Low strategic priority
ported for domestic
raw materials C) Lack of capabilities to
evaluate new
Labour technology
f) Ability to substitute less
skilled for more skilled R
personnel d) Shortage of skills
9) Need to substitute more e) Training difficulties
skilled for less skilled
personnel f) Worker resistance
. ) . External support
Section I: Impediments to Adoption services
g) Lack of technical
I1. Please indicate the importance of the following support from vendors
financial considerations and decisions as h) Lack of technological
impediments to technology acquisition (percentage services (e.g
distribution of establishments): e A
. scientific consulting,
ow Importance o o tests, standards)
IMPEDIMENTS ‘1 2 3 4 5} % Government
| > 101
Lack of Financial Eggﬁ'g{?ﬁzﬂdamy
Justification Due to
. i 1.4 03] |1.7] |2.3] [11]]|11
2) Small market sze ) Labour L4
b) Degree of uncertainty j) Food Composition
associated with
evaluation of benefits k) Food safety
c) Costofbuying, [) Plant hygiene
leasing or developing
new technology/ m) Environment
equipment
Other
d) Costs to develop
software ) Other (please specity) 03] [=] 3] [=] [-]
e) Cost of integrating
new technology with
current technology . .
- . Section J: Role of Government
f) Additional operating
cost J1. Please rate the importance to you of the
Lack of Financial government program.s/services that have directly
benefited your plant in the last three years
Resources (percentage distribution of establishments):
Lack of outside :
9 fnancing oot
h) Lack of cash flow PROGRAMS/SERVICES 1 2 3 4 5 lused
| >

Other a) Government training
iy Other (please specify) E| E programs

b) Government market

information services
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J1. Please rate the importance to you of the J1. Please rate the importance to you of the
government programs/services that have directly government programs/services that have directly
benefited your plant in the last three years benefited your plant in the last three years
(percentage distribution of establishments): (percentage distribution of establishments):

— (Continued) — (Concluded)
importance importance
low high | not low high | not
PROGRAMS/SERVICES 1 2 3 4 5 |used PROGRAMS/SERVICES 1 2 3 4 5 |used
| > |

¢) Government export i) Tax incentives for

incentives and machinery and

services equipment
d) Government j) Intellectual property

information and protection

technical assistance K G t

programs (e.g. IRAP) ) pr?)\(/:irrr(]arr:i?lt
e) Government R&D (purchase of goods

grants and services)
f) Government ; 14| 1] [12] [10] 2] [18

investment grants ) R&D tax credlt”
g) Government strategic i} Srg\;gr]nmf%rr“rggtlenn%

technologi X
h) Government research n) Other (please specify) [0-7 0.2

facilities

Thank you for your co-operation

Do not hesitate to contact the regional office if you have any concerns or questions

Statistics Canada Regional Office
Guy-Favreau Complex - East Tower
200 René Lévesque Blvd. West

Statistics Canada Regional Office
Civic Administration Centre
225 Holditch St. 2nd Floor

Suite 408 Sturgeon Falls, Ontario
Montréal, Québec POH 2G0

H2Z 1X4

Local calls: 283-5724 Local calls: 753-4888
Toll free: 1-800-363-6720 Toll free: 1-800-461-1662
Facsimile:  1-514-283-7969 Facsimile:  1-800-787-3161
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