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Abstract

The forest sector is traditionally viewed as stagnant and non-innovative in comparison to higher-
value added industries. The sector is being challenged by environmental, market and consumer
changes at home and internationally. To combat these challenges, forestry firms must undergo a
transformation in their activities, including their production methods by producing innovative
and sustainable products and materials. This involves investing in innovation, advanced

technologies and new products.

The purpose of this study is to understand the impact of adoption of advanced manufacturing
technologies on firm performance in the Canadian forest sector. The study is based on data from
the 2007 Survey of Advanced Technology and interviews with technology adopters. The
differences between technology adopters and non-adopters in terms of capital investment, R&D,
training, management practices and innovation were analyzed. The findings suggest that the
adoption of advanced technologies is important for the realizations of innovations. Firms which
were both innovative and adopted technology were most likely to report improvements in
performance post-adoption.

Vi
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Innovation and Advanced Technology Use in the Canadian Forest Sector

1. Introduction

The forest industry is facing the worst crisis in its history and needs to adapt in order to survive.
The Canadian forest sector is characterized by falling exports, plant and mill closures and job
loss (Benoit, 2008). The US housing crisis and the strengthening of the Canadian dollar coupled
with the shift to electronic media has resulted in a collapse in the demand for Canadian forest
products (Natural Resources Canada, 2013c). The socio-economic impacts of this decline are
widespread, but they are most strongly felt in almost 200 communities, in which at least 50% of
the workforce is dependent on the forestry industry (Tulloch, 2008; FPAC, 2012). The loss of
employment often forces people to relocate to different communities. Since 2006, over 86,900
jobs were lost in the forest sector, which represents about 27% of the total workforce in 2006
(FPAC, 2012). Many sectors are indirectly dependent on the forest sector itself and total
employment represents 593,200 people. There are several different factors that have contributed
to the crisis facing the forest sector, such the mountain pine beetle infestation, increasing
transportation and energy costs, the rise of international competitors and underinvestment in
research and development (Benoit, 2008). Sustainable forest management and environmental

regulations have also increased the cost of production for forestry firms (Binkley, 1995).

The current state of the industry and the relative importance of the forest sector to the Canadian
economy is indicated in the figures below. The forest sector represents 1.9% of Canadian GDP
and has a trade surplus of $17 billion, which is second to only oil and gas (FPAC, 2012). The
industry’s exports are primarily directed to the US, capturing about 65% of total exports (FPAC,
2012). Therefore, the sector was greatly affected by the US economic crisis, particularly by the

decrease in demand in the construction industry.



Figure 1: Forest Industry Facts

Key Facts
Forest Sector Revenues: $57.1 Billion
Forest Sector GDP: $24 Billion
Share of GDP: 1.9%
Wood Products and Pulp and Paper GDP:
$18.9 Billion

Share of Manufacturing GDP: 12%

Exports
Total Exports: $26.4 Billion
Total Exports as % share of GDP: 1.6%

Trade Surplus: $17 Billion (2nd only to Oil and
Gas)

Export by market:
United States: 65%
China: 11%
Asia (excluding China and India): 10%
European Union: 5%
South America: 2%
Others: 4%

Employment

Forest Dependent Communities: 192
(>50% of regional GDP)

Total Direct and Indirect Employment: 593,200
Total Direct Employment: 233,800

Direct job losses since 2006: 86,900

Research and Development
Wood Products Manufacturing (2011): $95 Million
Pulp and Paper (2011): $56 Million

Forestry and Logging (2011): $6 Million

Source: Forest Products Association of Canada (FPAC, 2012)

The Canadian forest sector has since diversified its exports to other areas of the world, namely
China. Between the years 2002 and 2012, the share of exports to China rose from 1.8% to 16.3%,

while the share of exports to the US decreased from 79.7% to 63.1% (Natural Resources Canada,

2013b). Forestry firms have had to upgrade their technology and production processes in order to

meet the demands of new customers. According to Kristianto et al., “the era of mass production

is being replaced by the era of market niches to meet the demands of a diversified customer base:

a short development cycle yielding low cost, high quality goods in sufficient quantity to meet

demand” (Kristianto et al., 2012, P.199).




Figure 2: Canadian Forest Sector Exports by Market (2012)
Export by Market (2012)
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Source: Forest Products Association of Canada (FPAC, 2012)

To combat these challenges, forestry firms must undergo a transformation in their production
methods by producing innovative and sustainable products and materials. In The Report of the
Standing Committee on Natural Resources, Benoit states that “the future health of Canada’s
forest sector depends on innovation” (Benoit, 2008, P.22). In order to transform the sector, firms
will need to invest in innovation, emerging technologies and new products. Innovation can also
rely on “highly skilled workers, on interactions with other firms and public research institutions
and on an organizational structure conducive to learning and exploiting knowledge” (OECD,
2005, P.28).

Figure 3: Canadian Forest Product Export Destinations (1997-2012)
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Source: Statistics Canada merchandise trade data, monthly



This thesis examines how forest sector firms are transforming through innovation and the
adoption of advanced technology. The differences between adopters and non-adopters in terms
of training, R&D, business management practices, obstacles to adoption, exports and innovation
will be studied in order to better understand the impact of technology adoption on firm

performance.

A recent report by the Council of Canadian Academies stresses the importance of innovation in
Canada’s natural resource sector, generally because “resource production itself requires
continuous innovation to increase efficiency, extend supply and mitigate environmental impacts”
(Council of Canadian Academies, 2009, P.28). Canada’s economy has relied heavily on our
natural resources, in order for us to maintain a competitive advantage we must innovate
continuously, as these resources are limited in supply. Innovation can enable Canadian industries
to develop less resource-intensive and environmentally damaging production methods (Council
of Canadian Academies, 2009). Future success of Canada’s natural resource industries will
depend on the type of products we will be able to export, particularly our ability to produce high
value-added products. Producing high value-added goods within Canada, rather than exporting
them in their primary form, will foster the skills and knowledge necessary for innovation
(Hawkins, 2012).

One of the challenges in conducting studies on innovation, is that innovation is difficult to
measure. Innovation is a dynamic process, not a static activity (OECD, 2005). In surveys,
proxies are frequently used to measure innovation, for example level of R&D investment or
patenting. There is a high level of sectoral variation when it comes to innovation (Malerba,
2002). Technology adoption patterns can differ even within the same industry or the same
production process (Beede and Young, 1995). In some sectors, technological change occurs
rapidly, while in others it is incremental. Technological breakthroughs occur after long periods
of incremental change and have a significant impact on the organizational environment
(Tushman and Anderson, 1986).

Innovation in high-tech sectors is in part linked to R&D, while low and medium-technologically
intensive sectors are more dependent on the adoption of knowledge and technology (OECD,

2005). R&D plays an important role in innovation, but not all innovation is R&D based.



Innovation in low-tech firms, such as those in the forest sector, often involves the incorporation
of high-technology products and technologies. Non-R&D innovative activities include:
development of human skills; investment in equipment and the reorganization of management
systems. Innovation taxonomies which are purely based on R&D measures ignore the
contribution made by these non-R&D activities (OECD, 2005).

Unfortunately, there has been a bias in innovation policy making towards high-tech firms,
because they are perceived to be more innovative than low-tech firms. However, innovation
requires not only the creation of new technology, but also the adoption of these technologies by
consumers and industries. The Conference Board of Canada defines innovation as “a process
through which economic or social value is extracted from knowledge—through the creating,
diffusing, and transforming of ideas—to produce new or improved products, services, or
processes” (Conference Board of Canada, 2012, para.l). National research and technology
policies have been influenced by the belief that promoting high-tech industries will result in
long-term growth, competitive advantage and employment effects (Hirsch-Kreinsen, 2008b;
Heidenreich, 2009). Academics and policy makers have historically focused on the importance
of scientific knowledge and research-intensive sectors in technological innovation, although
traditional industries continue to represent a large proportion of employment and production. The
research on innovation in low and medium-tech (LMT) industries has been limited (Chesbrough
and Crowther, 2006; Hansen and Winther, 2011). The role of innovation conducted by the LMT
sector must also be taken into consideration in order for us to gain a full understanding of the

innovation process and its influence on productivity.

This “innovation research bias” has led to the misconception that LMT industries are not
innovative, in part, because they do not perform formal R&D. LMT industries sometimes engage
in “hidden-innovation,” innovation that is not accounted for by standard innovation metrics, such
as R&D expenditure and patents awarded (Halkett, 2007; Barge-Gil et al., 2011). Innovation
does not have to be based on developing new scientific knowledge, but can involve exploiting
the existing knowledge. As stated by Heidenreich (2009) “learning and innovation can take place
without R&D” (Heidenreich, 2009, P.483). Innovation in the LMT sector often arises from daily
routines performed within the firm, as a result of internal experimenting with existing

technologies, the adoption of new technologies and of new processes or procedures.



Technological change in LMT firms mainly comes from suppliers of machinery and equipment
(Hirsch-Kreinsen, 2008). Suppliers are an important source of knowledge for LMT firms.
Knowledge is embodied in products, machines, and raw materials, which are developed in other
industries and transferred to the firm (Hansen and Serin, 1997).

Historically, much of the research conducted in the area of innovation is based on the linear
model of innovation, which emphasizes the role of formal R&D as an input to innovation and
focuses primarily on the manufacturing sector, not including services (Salazar and Holbrook,
2004; Barge-Gil et al., 2011). The linear model does not take non-R&D related innovation
activities, such as design, training and use of advanced machinery into serious consideration.
These non-R&D related activities have a positive impact on innovation outcomes, particularly
process innovation (Barge-Gil et al., 2011). The innovation process is complex and cannot solely
be reduced down to R&D figures, as innovation is a collaborative and multi-level process, which
rarely takes place within a single firm, or even a single country (Kirner et al., 2009; Malerba,
2002). The process of technological change is cumulative (Cohen and Levinthal, 1990;
Castellacci, 2008). Technological trajectories of sectors are determined by what has been done in
the past (Pavitt, 1984; Tushman and Anderson, 1986).

The standard indicators used to measure innovation may have contributed to the innovation
research bias. R&D intensity “measures the ratio of R&D expenditure to the turnover of a
company or the output value of a sector” (Hirsch-Kreinsen, 2008, P.19). According to OECD
classification, the high-tech sector has an R&D intensity greater than 5% and the low and
medium-tech sector has an R&D intensity less than 3% (OECD, 2005; Hirsch-Kreinsen, 2008).
However, low R&D intensity, does not necessarily mean low innovativeness — it could simply be
an indication that low and high-tech firms innovate differently (Kirner et al., 2009). The high-
tech sector is dominated by a small number of large international enterprises dependent on
codified science-based knowledge, with a focus on product and service innovations. In contrast,
the low and medium-tech sector consists of SMEs without their own R&D facilities or scientific
knowledge base. Therefore, their innovation process is not as highly structured, which results in
high flexibility to react to market requirements (Hirsch-Kreinsen, 2008). Although low-tech
firms may not conduct in-house R&D, they regularly innovate through adoption and adaptation

processes. Santamaria et al. (2009) observed that LMT firms play an important role in



innovation, because they transform “the general stock of knowledge into economically useful
knowledge” (Santamaria et al., 2009, P.508). This means that LMT firms may not be producing
scientific breakthroughs or new inventions on their own, but they are adapting the innovations
developed by the HT sector. These firms produce incremental innovations, which can have a
much greater practical impact than radical innovations. LMT firms modify products and
processes during the diffusion and adoption process in order to fit their needs, which often results
in productivity gains (Santamaria et al., 2009). Radical innovations are relatively rare and once a
new technology is developed, “technological progress is driven by numerous incremental,

improvement innovations” (Tushman and Anderson, 1986, P.441).

Due to their reliance on external sources of innovation, open innovation is particularly relevant
for LMT firms. Their own R&D capabilities may not be well developed; therefore need to
constantly screen the external environment for new technology and knowledge (Spithoven et al.,
2010). The ability to combine internal and external knowledge is an important contributor to
competitive advantage in many industries (Santamaria et al., 2009). Some of the external sources
of knowledge for LMT firms are use of consultants, hiring of skilled personnel, collaboration
agreements and external R&D (Santamaria et al., 2009). In order for firms to benefit from this
external knowledge, they need to develop an absorptive capacity, which is “the ability of a firm
to recognise the value of new, external information, assimilate it, and apply it to a commercial
ends” (Cohen and Levinthal, 1990, P.28). Companies in the LMT sector may lack absorptive
capacity, as they often lack experienced personnel and their R&D capacities are limited. The
risks and costs of R&D are perceived to be high by LMT firms. They are likely turn to third
parties, such as collective research centers, to develop their absorptive capacities (Spithoven et
al., 2010).

The aim of this research study is to understand the use of advanced manufacturing technologies
in select natural resource industries, namely the extraction logging industry and wood and paper
manufacturing industries. The use of advanced technologies and the effect on firm performance
in the forest sector will be compared to the use of advanced technologies in a high-tech sector,
the Information and Communications Technology (ICT) manufacturing industry. This
comparison to similar and non-similar industries is useful given the modest level of research into

low technology industries and the relative abundance of literature on innovation in high-tech



sectors. There is a need to determine the extent to which previous research, focused on high-tech
innovation, is relevant and useful for understanding innovation in LMT. Is the forest sector as far
behind in innovation as the standard classification systems suggest it to be? Is R&D intensity a
suitable measure for innovation in the forest sector, or are other indicators, such as advanced
technology use, more appropriate for measuring innovation in LMT sectors? The answers to
these questions would provide valuable information for evidence-based policy making and the

development of an innovation strategy for the forest sector.

The study will use the 2007 Survey of Advanced Technology, conducted by Statistics Canada as
its main source of data, combined with a qualitative analysis based on interviews with two forest
sector firm managers. The survey has extensive forest sector coverage and is a near census for
the logging sector. The results of the mixed methods study will be useful for both public and
private sector institutions. The study will be contributing to the academic literature on innovation
in low-technology and natural resource sectors. The Canadian government, firms and industry
can benefit from the results of the study, as it can help identify the impacts of technology

adoption on the firm and inform innovation policy.

The literature review is divided into six sections beginning with innovation taxonomies, leading
into high and low-tech sector interdependency, with an explanation of absorptive capacity and
open innovation. The policy implications of the bias towards high-tech firms and lack of
effective measurement tools for innovation will be examined. The study will also focus on the
Canadian forest sector and its transformation over the years. The final section will provide more
detail on advanced technology adoption, the variables influencing adoption and the barriers to
adoption. The literature will be supported by the findings from past surveys of innovation and
advanced technology. The literature review will be followed by an explanation of the research
objectives and a description of the methodology. The results of the survey and qualitative study
will then be presented and analysed. The thesis will conclude with an explanation of the findings

and suggestions for future research.



2. Literature Review

2.1 Innovation

“The generation, exploitation and diffusion of knowledge are fundamental to economic growth,

development and well being of nations” (OECD, 2005, P.3).

Understanding how knowledge is created and exchanged is key to developing improved
measures of innovation, which can be used to inform policy decisions. During the 1980s and 90s,
the OECD undertook a considerable amount of research in order to develop models and
analytical frameworks for the study of innovation (OECD, 2005). The first edition of the Oslo
Manual, published in 1992, was influential in the development of many subsequent innovation
surveys, such as the European Community Innovation Survey (CIS). The framework focused on
technological products and process (TPP) innovation in manufacturing. However, the TPP
concept did not adequately capture innovation in the service sectors. The issue of non-
technological innovation was addressed in the third edition of the Oslo Manual (OECD, 2005).
The CIS findings were used to revise the framework and re-define the concept of innovation to
include marketing and organizational innovation. In addition, the OECD has developed a manual
of “The Proposed Practice for Surveys of Research and Development”, also known as The
Frascati Manual (2002). The manual contributes to the “best practice” for science and technology
policies. It has been used for measuring R&D in OECD member countries and is becoming a

standard for developing R&D surveys worldwide.

The OECD classifies the manufacturing industry into four groups based on R&D intensity (the
ratio of firm’s R&D expenditure to the firm’s sales): high-technology (>5%); medium-high
technology  (3-5%); medium-low technology (0.9-3%); low-technology (<0.9%)
(Hatzichronoglou, 1997; Hirsch-Kreinsen, 2008). R&D activities include basic research, applied
research and experimental development (OECD, 2002). The main advantage of the OECD
classification system is that it provides a “simple and consistent tool for international
comparisons” (Hatzichronoglou, 1997, P.4). The classification is based on R&D expenditure, an
input to innovation, which does not necessarily provide an indication of the level of innovation

output of a firm.



This research study will compare the forest sector, which is classified as low-tech and the ICT
manufacturing sector, which is high tech, in order to examine the differences in technology
adoption based on R&D intensity. According to the OECD Information Technology Outlook,
“the ICT sector is the largest investor in research and development and it drives a large part of
technical change and innovation across economies” (OECD, 2010, P.170). In 2008, the ICT
R&D represented 23.3% of total Canadian BERD (Business Expenditure on R&D) (OECD,
2010). The R&D intensity in the forest sector was 0.38% in the year 2006, which would place it
in the low-tech category. However, there is substantial variation in R&D investment depending
on the sub-sector. In 2008, the paper manufacturing sector’s R&D intensity was 3.14%, which
would put it under the medium-high tech category, while in 2009 the R&D intensity for wood
products was 1.13% (Mockler and Robichaud, 2011).

The OECD manuals provide some guidance for policy makers on measuring innovation. They
assist policy makers in developing a broad understanding of innovation across industries, in
particular the role of R&D and non-R&D inputs into the innovation process. This is especially
important for understanding innovation in the service sector, where firms do not engage in R&D
as frequently. However, the OECD framework classifies industries based solely on R&D
intensity, which may have contributed to the perception that only high-tech firms are innovative.
Other classification systems, such as Pavitt’s taxonomy (1984), take into account the sources of

innovation and the linkages between high-tech and low-tech firms.

Pavitt’s (1984) seminal paper on sectoral patterns of technical change, presents a classification
system designed to identify the sources, nature and directions of technological change.
According to Pavitt, variations in technological knowledge can be explained by “sources of
technology, requirements of users and the possibilities for appropriation” (Pavitt, 1984, P.343).
The framework is often used as an illustrative tool of the determinants of firm performance, such

as international competitiveness and innovative performance.

Pavitt’s taxonomy focuses on vertical linkages: “the relationships and interactions firms have
with enterprises in other sectors of the economy” (Castellacci, 2008, P.7). He identifies four
categories of innovating firms based on the sectoral sources of technology used in the sector, the

nature of the technology produced and firm characteristics. The first class of sectors includes
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firms where technical change comes mainly from suppliers of equipment. These he terms
“supplier dominated.” “Supplier-dominated” firms are usually found in traditional manufacturing
sectors and have weak in-house R&D capabilities (Pavitt, 1984). In contrast, “science-based”
firms generate their own technology in R&D labs. Their product development depends on prior
development of basic science (Pavitt, 1984). These types of firms transfer technology to
“supplier-dominated” firms. The third category identified by Pavitt is “production intensive”
firms. These firms are involved in mass production and they benefit from economies of scale by
replacing labour with machinery (Pavitt, 1984). Production engineering departments are an
important source of process technology for production intensive firms, but they also have a
strong relationship with, what Pavitt calls, “specialized suppliers”. “Specialized suppliers”

produce capital goods and innovate in response to customer needs.

Malerba (2002) also developed a concept for the sectoral systems of innovation, based on
multidimensional, integrated and dynamic view of sectors. Unlike Pavitt’s taxonomy, the
framework focused on the interaction between individual “agents,” which are firms or
organizations, and how these interactions are shaped by institutions. The author emphasizes the
importance of knowledge transfer between firms and non-firms, which results in transformation
and evolution within the system. Many other taxonomies do not take the dynamic nature of the

sectoral system of innovation into consideration.

One of the limitations of Pavitt’s taxonomy is that he groups the categories at the industry, not
firm level. The categorization considers the firm’s output, not technology base. There is still a
large degree of variance between firms within each category, because firms belonging to the
same industry may have very different technological inputs (Archibugi, 2001). There is also
variation in innovation and technology use depending on firm size. In recent years, there has
been a movement towards extending Pavitt’s taxonomy to account for firm size (De Jong and
Marsili, 2006).

Small firms are often under-represented in innovation taxonomies. De Jong and Marsili
conducted a study of over 1000 small manufacturing firm in the Netherlands to develop an
empirical taxonomy of innovative small firms (De Jong and Marsili, 2006). The authors extend

Pavitt’s taxonomy, by suggesting that innovation patterns in small firms are more diverse than
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previously believed. Small firms differ in their innovative activities, business practices and
strategies. SMEs are much more sensitive and responsive to changes in their environment. They
tend to be highly specialized in their activities, which increases the importance of efficient
interaction with other firms and public research institutions for R&D and exchange of knowledge
(OECD, 2005). According to De Jong and Marsili, “small firms that do innovate successfully
increase their chances of survival and growth” (De Jong and Marsili, 2006, P. 213). Firm
behaviour is shaped and constrained by the nature of technologies they use, or their technological

regime.

De Jong and Marsili’s taxonomy of innovative small firms is similar to Pavitt’s taxonomy, but
does not differentiate between manufacturing and service firms. Instead of focusing on the
industry level, they use firm level data, which allowed them to test the assumption that all firms
within an industry have similar innovative patterns (Archibugi, 2001). The taxonomy was
developed through cluster analysis techniques, looking at variables such as innovative input,
innovative output, sources of innovation, managerial attitude, innovation planning and external
orientation (De Jong and Marsili, 2006). Based on the cluster analysis, the authors identified four
different types of innovative small firms. Small firms with a low level of innovativeness, mainly
responding to proposals from suppliers, are classified as “supplier-dominated”. They are
relatively open and consult with more than three external parties (De Jong and Marsili, 2006).
Firms producing product innovations driven by their customers are categorized as “specialised
suppliers”. “Specialised suppliers” have a low level of openness and will rarely consult external
sources. “Science-based” firms have high levels of innovation in both products and processes.
They employ innovation specialists and collaborate with universities and research institutes (De
Jong and Marsili, 2006). “Resource-intensive” generate both product and process innovations.
These firms have the largest budgets for investing in innovation out of all four categories.
However, their external orientation is low, as they rarely engage in formal partnership or seek the

help of consultants.

The level of innovation in SMEs is influenced by their ability to access funding. SMEs often lack
internal funds and may have more difficulty obtaining external funding than large firms, which
can inhibit their innovation efforts (OECD, 2005). This is a problem for Canadian forest sector

firms, particularly logging firms. Due to the nature of the terrain, they may need to have smaller
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plants in multiple locations and may not have the funding to invest in new technologies for each
facility (Binkley, 1995). De Jong and Marsili’s findings are consistent with Pavitt’s; some of the
patterns of technological change in large firms are also found in small firms (De Jong and
Marsili, 2006). However, they also extend Pavitt’s taxonomy by including differences in
business strategies and practices in their study. These variables are particularly important for
understanding the patterns of innovation in small firms, because they capture informal aspects of
innovation, which cannot be measured by traditional indicators of input and output (De Jong and
Marsili, 2006). Empirical taxonomies have proven to be a useful tool for understanding the
diversity of innovative behaviour that can be observed across firms. These new frameworks have
implications for policy makers, who need to address the various sectors differently, as they

cannot apply a generic scheme of R&D support to all industrial sectors.

2.2 High and Low-tech Interdependencies

An important factor to consider when developing innovation policies is that high-tech and LMT
sectors are significantly heterogeneous. Knowledge and information do not only flow from high-
tech to low-tech, but the low-tech sector plays a critical role in the diffusion of high-tech
innovations (Hirsch-Kreinsen, 2008b). In developed economies, old and new technologies co-
exist. Mature industries such as tobacco, food and textiles are adopting advanced technologies to
remain competitive and prevent further decline (Hirsch-Kreinsen, 2008b). Even industries
classified as “low-tech” based on their R&D levels conduct some activities involving high
technology (Mendonga, 2009). In order to derive benefits for the whole economy and not just
particular industries, policy makers must consider the complementarities between the
technologies (Robertson and Patel, 2007). Therefore, authors such as Hirsch-Kreinsen (2008b)
advocate a more holistic view of the innovation process, taking the inter-sectoral connections
into account. Hirsch-Kreinsen (2008b) describes low-tech firms as knowledge carriers and
disseminators of knowledge. LMT industries have a strong practical knowledge base, but they
are also able to integrate scientific knowledge from high-tech industries. For example, beer
producers have R&D labs specialising in chemistry and physiology, however they are classified
as low-tech due to the ratio of production volume to R&D expenditure (Hansen and Serin, 1997).
In food processing, and many other large-scale productions such as forestry, the R&D share is

low when measured in relation to turnover. Although some low-tech firms do engage in internal
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R&D, external knowledge sources are the main sources of knowledge for LMT firms. They
obtain knowledge from the market, customers, suppliers and manufacturers of technical
equipment and systems, design companies, research institutes and consultants (Hirsch-Kreinsen,
2008b). Linkages and relationships with external knowledge providers are therefore crucial to

the innovation process.

Radical technological change produced by high-tech industries will have widespread effects on
the economy as a whole. For example, the diffusion of information and communications
technologies (ICT) has had a huge impact on production processes and productivity levels in
both high and low-tech sectors (Robertson and Patel, 2007). Innovation in high-tech and low-
tech is complementary (Hirsch-Kreinsen, 2008). LMT firms innovate incrementally, through
adaptation and recombination of existing technology components in novel ways (Hirsch-
Kreinsen, 2008). Adaptation of the product to market needs can have a greater commercial
impact than more fundamental R&D (Hansen and Serin, 1997). The LMT sector is a “carrier
industry,” incorporating new technologies from the high-tech sector into the making of new
products or implementation of new manufacturing processes (Hirsch-Kreinsen, 2008). This
suggests that LMT and high-tech sectors are linked. Productivity in LMT depends on high-tech,
but “the innovative capability of high-tech depends on their narrow relationship with LMT
industries” (Hirsch-Kreinsen, 2008b, P.18). The success of high-tech sectors is highly dependent
on their ability to sell their outputs to low-tech sectors (Robertson and Patel, 2007). The LMT
industry is the main buyer of high-tech products and therefore encourages greater investment in
R&D. LMT firms can request new products or alterations to existing products, which creates an
innovation impulse in the high-tech sector (Hirsch-Kreinsen, 2008b). High-tech firms will

innovate in response to their customers’ needs.

The LMT sector provides revenues and sales to high-tech sectors, which helps cover the high
fixed costs of innovation. The higher the rate of uptake by low-tech industries, the sooner the
high tech producers can realize economies of scale, which will reduce the price of the innovative
products (Robertson and Patel, 2007). Lead users of high-tech products will often provide
feedback to their suppliers, which, in-turn, allows them to make improvements for their next
customers. High-tech and low-tech firms are increasingly engaging in joint projects, as

innovation projects often require a combination of both Science, Technology and Innovation
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(STI) and Doing, Using and Interacting (DUI) innovation modes (Hansen and Winther, 2011).
STI innovation involves the use of an analytical knowledge base, such as codified scientific
knowledge from universities and research institutions. The results of STI innovation are often
radical and are codified through patents and documents (Hansen and Winther, 2011). The DUI
mode of innovation relies on a synthetic knowledge base, rather than creating new knowledge.
As codified knowledge becomes more easily accessible within the global economy, tacit
knowledge becomes increasingly important in generating a sustainable competitive advantage
(Asheim and Gertler, 2005).

Employee skills, learning-by-doing, learning-by-using and tacit knowledge play an important
role in DUI innovation. Hansen and Winther (2011) have noted that firms which combine both
modes of innovation are usually more innovative than firms who focus on just one type of
knowledge base. STI and DUI innovation are complementary, practical knowledge and
experience are crucial for scientists in R&D departments and scientific knowledge can provide
solutions to problems arising on the shop floor (Hansen and Winther, 2011). At the same time,
scientific knowledge is also used within firms that typically focus on incremental innovation.
Tacit knowledge is embedded within people, and therefore much more difficult to transfer than
codified knowledge. “Learning through interacting” is becoming an important concept for
knowledge acquisition — innovation is reliant on social interaction and knowledge flows between
firms, research organizations and public agencies (Asheim and Gertler, 2005). Hansen and
Winther (2011) describe LMT firms as “translators” between end customers and high-tech
suppliers, because they are able to collect information about customers and help develop

products based on the user’s needs.

Spatial proximity will play an important role in a firm’s ability to access knowledge. Information
and technology will flow not just from high-tech to low-tech, but also in the reverse direction, as
LMTs play a strategic role in high-tech innovation. High-tech firms may not have the same type
of access to their end users as low-tech firms. Since high-tech firms are the suppliers of
technology, they are usually found at the beginning of the production chain. Low-tech firms
facilitate the information transfer between high-tech and their customers (Hansen and Winther,
2011). At the same time, the use of advanced technologies has been identified as a major source

of innovation for low-tech firms (Hansen and Winther, 2011). The knowledge transfer occurs in
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both directions. Technology users will provide technology suppliers with tacit and codifiable
knowledge on how they can better address the needs of their customers (Asheim and Gertler,
2005).

In Pavitt’s (1984) taxonomy, low-tech firms are classified as “supplier dominated,” which
suggests that they derive technical change from their high-tech suppliers. However, low-tech
firms are not only the purchasers of high-tech products, but they are also diversifying into high-

tech and patenting in these areas (Hansen and Winther, 2011).

Although patents are a good measure of innovation within some industries, non-formalised
methods of innovation also need to be considered by policy makers. Innovation policy has often
seemed to be overly influenced by a simplistic view of innovation stemming from the idea that
economic growth is a result of high R&D investment. These policies follow a “linear model of
innovation,” according to which scientific research is the first stage of innovation (Hansen and
Winther, 2011). High levels of R&D investment are an important component of the US’s
innovation policy. Following the example of the US, there has been a strong emphasis on the
“science-push” in European and Canadian policymaking. However, this type of policy fails to
recognize the interdependence between high and low-tech sectors, which could have a
detrimental impact on economic growth, particularly in less technology-intensive regions
(Hansen and Winther, 2011). Innovation is not always supply-side driven, but can be a response
to the demand in low-tech sectors. Nevertheless, priority is given to high-tech sectors with high
R&D investment levels.

In addition to this, it is increasingly difficult for low-tech firms, such as those in the Canadian
forest sector, to withstand competition from low-wage countries. Trade liberalization and
improved infrastructure in industrialized countries have led to an increase in competition faced
by LMT firms (Hansen and Winther, 2011). Upgrading their technologies is one method of
differentiating themselves from their competitors. Sourcing technology from high-tech sectors
can therefore be of great importance. Developments in information and communication
technologies have allowed firms in both developed and developing nations to access new
knowledge sources. However, according to Vernon (1966), equal access to scientific knowledge

does not mean that all firms will be able to apply this knowledge in the creation of new products.
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Firms need to develop their absorptive capacities in order to successfully acquire and assimilate
external knowledge (Cohen and Levinthal, 1990). This requires entrepreneurs, who are able to
search for knowledge, identify opportunities and are willing to take a risk (Vernon, 1966).
Managerial capabilities and decision making will influence the firm’s ability to absorb

knowledge (Penrose, 1959; Cohen & Levinthal, 1990).

One of the problems associated with an innovation policy based on R&D intensity, is that it
exacerbates regional differences and inequalities (Hansen and Winther, 2011). High-tech firms
are usually found in large city-regions, therefore most resources are concentrated there as well
(Hansen and Winther, 2011). The main factors influencing the location of firms are transport-
costs and labour-costs (Vernon, 1966). Access to skilled labour is important, as high-tech firms
require workers with the appropriate scientific knowledge for their R&D departments. The need
for quick and efficient communication with suppliers and customers also helps explain the
clustering of high-tech firms. This makes it more difficult for peripheral regions to compete,
pushing them into further decline. Hansen and Winther (2011) make the argument that if regions
want to remain prosperous, they should diversify, not focus only on high-tech. The authors note
that geographic proximity of high and low-tech firms can play an important role in innovation, as
it influences the level of collaboration. Spatial proximity is important for supplier and customer
relations (Hirsch-Kreinsen, 2008). Large distances between firms can make it more difficult to
collaborate, as they can slow down the diffusion of knowledge and information. Since many
forest sector firms, particularly logging firms, are based in rural areas, access to skilled labour
and resources is limited. This high level of interdependency highlights the importance of

diversification in regional and national economies.

Therefore, innovation policy must also support low-tech industries, as they are crucial to the
success of high-tech industries and economic prosperity. Policy makers should adopt a more
holistic view of industrial innovation, taking into account the inter-sectoral connections. Policies
need to encourage not only the generation of knowledge, but also knowledge diffusion and
absorption. Technology adoption is an inherently risky process, the government can play a role
in facilitating the sharing or creation of knowledge. By acting as an information broker, the
government can “provide firms with information about new technologies, identify

complementarities or quantify expected benefits”, which will reduce some of the uncertainty
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associated with technology adoption (Van Biesebroeck, 2007, P.3). Governments should also
promote upgrading in low-tech sectors through policies, which encourage smooth and speedy
knowledge diffusion (Robertson and Patel, 2007; Hirsch-Kreinsen, 2008b).

2.3 Open Innovation and Absorptive Capacity

Much of the literature has focused on explaining the role of absorptive capacity in open
innovation in large R&D intensive firms, primarily on the acquisition and use of externally
generated knowledge by firms engaged in product development (Chesbrough, 2006). However,
the importance of open innovation in small firms and traditional mature industries, such as the
forest sector, is not as well documented. Spithoven et al. (2010) seek to illuminate how these
types of firms develop absorptive capacities in order to successfully engage in open innovation.
Firms in low-tech sectors may not dispose of their own in-house R&D facilities and rely on
external sources of knowledge and technology. Much of the knowledge they acquire is embodied
in the technology they purchase from high-tech sectors. In order for firms to benefit from this
external knowledge, they need to develop an absorptive capacity, which was defined by Cohen
and Levinthal (1990) as “the ability of a firm to recognise the value of new, external information,
assimilate it, and apply it to a commercial ends” (Cohen and Levinthal, 1990, P.28). Absorptive
capacity is a pre-condition to open innovation (Spithoven et al., 2010). The ability to absorb
information, technology and knowledge from outside sources is an essential aspect of an

effective innovation-management system (Mockler and Robichaud, 2011).

There are numerous methods of developing absorptive capacities, such as performing internal
R&D or through employee training. An increase in absorptive capacities may also be a side
effect of production (Cohen and Levinthal, 1990). A firm’s incentive to learn will influence its
investment in R&D. The incentive to learn is affected by the amount of available knowledge and
the difficulty of learning. Firms need to not only identify new knowledge, but also assimilate it
and use it within their production process. Therefore, they depend on their absorptive capacity to
benefit from open innovation (Spithoven et al., 2010). Cohen and Levinthal (1990) argue that
“the ability to evaluate and utilize outside knowledge is largely a function of the level of prior
related knowledge” (Cohen and Levinthal, 1990, P.128) The influence of prior knowledge on the
ability to assimilate new knowledge is based on the concept that learning is cumulative, and
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learning will be more successful if the information is associated with something that is already
known (Cohen and Levinthal, 1990). The development of absorptive capacity is therefore path
dependant. Accordingly, it is more difficult for firms to diversify their learning into new areas.
The absorptive capacity of an organization will be influenced by the individual absorptive
capacities of its employees (Cohen and Levinthal, 1990). Training is essential in ensuring that
employees have the necessary skill set to adopt the new technology (Santamaria et al., 2009).
The value of the acquired knowledge will depend on the employee’s ability to apply the
knowledge to accomplish organizational goals and mobilise it when and where it is needed
(Robertson et al., 2012).

Chesbrough and Crowther (2006) identify two types of open innovation. With inbound open
innovation, firms will scan their external environment for new technology and knowledge to
complement their in-house research activities (Chesbrough and Crowther, 2006; Spithoven et al,
2010). With outbound open innovation, firms seek external paths to the market by
commercializing technologies through other organizations. The original literature on open
innovation was based on case studies of large R&D intensive firms representative of the high-
tech sector (Chesbrough, 2003). Traditional LMT industries are typically composed of SMEs
with little or no R&D capabilities (Chesbrough, 2003). Smaller companies often have less
formalised IP, in the form of patents, to buy or sell, so open innovation requires collaborations
and sharing of technology. According to Chesbrough (2006) a firm can be “too open”, as there is
a risk of sharing information with the wrong people, especially because small firms may not have
the resources for formal legal protection. Such firms face the issue of attracting customers,
capital and employees, while preserving their IP (Chesbrough, 2006). Therefore, they may have
to rely on third parties to help them develop absorptive capacities. External knowledge comes
from suppliers, customers or other organizations (Spithoven et al., 2010).

Chesbrough and Crowther (2006) explore open innovation outside of the high-tech sector,
focusing on early adopters of the concept. The authors suggest that companies do not have to
conduct their own R&D to achieve a competitive advantage, but can instead leverage the R&D
of other firms. SMEs will often become members of collective research centres, which aid firms
in finding the right technology, developing the capacities to absorb it and also perform R&D

activities required by the firm (Chesbrough and Crowther, 2006). Another option is to employ
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technological consultants and acquire the absorptive capacity externally, through a process called
“learning-by-hiring,” rather than build it from within (Santamaria et al., 2009). A study
conducted by Santamaria et al. (2009) found that consultants, hiring of personnel and external
R&D are a significant source of external innovation for LMT firms. Consultants are important
particularly in product innovations within the LMT sector, but are not a significant factor in high
tech firms. One of the limitations in relying on external sources of innovation, is that they are
also available to competitors and therefore are unlikely to provide a sustained competitive

advantage, as other firms can adopt the same innovations.

In a recent paper, Robertson et al. (2012) argue that literature on absorptive capacity does not
adequately address “distributed knowledge and learning or the application of innovative
knowledge” (Robertson et al., 2012, P.822). The authors find that open innovation has more
commonly been associated with process innovations rather than product innovations (Robertson
et al., 2012). Pavitt (1984) has classified firms relying mainly on external sources for their
technology as “supplier-dominated”. Producers of commodity products, primarily low-tech firms
also fit into this classification. These types of firms achieve a competitive advantage by
maintaining low costs. Since their products are homogenous, the only way to produce at a lower
cost than their competitors is through more efficient production processes (Pavitt, 1984).
Therefore, the incentive to innovate processes is high (Robertson et al., 2012). However, process
innovation is closely linked to product innovation, because new products may require changes in

processes.

Firms in the “supplier-dominated” sector do not invest heavily in R&D, but instead rely on
technology suppliers as a source of innovation. Cohen and Levinthal’s (1990) seminal paper
“Absorptive capacity: a new perspective on learning and innovation” focuses on developing
absorptive capacity through R&D, which may not be a viable strategy for low-tech firms
engaging in non-R&D innovation. The authors use R&D intensity as a proxy for absorptive
capacity, however Spithoven et al. (2010) argue that there are better ways to operationalize the
concept. Cohen and Levinthal’s explanation of developing absorptive capacities is applicable to
high-tech firms, however, in low-tech the application of new knowledge is related to capabilities
other than R&D.
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Many authors have since recognised that absorptive capacity is a multidimensional concept and
should also include measures that proxy qualified personnel, for example the use of skilled
labour (Robertson et al., 2012; Spithoven et al., 2010). Absorptive capacity needs to be
combined with other skills, such as those of non-scientific and non-technical workers, to solve
the problems involved in open process innovation (Robertson et al., 2012). These employees
possess tacit knowledge and physical skills, which may be necessary in implementing a new
technology. Tacit knowledge is developed over time and cannot be easily transferred; therefore,
the role that employees play in technology adoption should not be overlooked. The perceived
level of risk in R&D projects may influence employees’ acceptance of the new technology
(Chesbrough, 2006). External technology comes from a variety of sources and therefore has a
higher perceived risk than internal technology. Firms may not be able to adequately evaluate the
technology due to bounded rationality (Chesbrough, 2006). Firms can minimize the risk of
adopting a new technology, by investing in a technology that has already been proven in other
uses (Chesbrough and Crowther, 2006). If they are able to negotiate exclusive rights from their

supplier, then they will obtain a competitive advantage over other firms in the industry.

Robertson et al. (2012) extend the original model presented by Cohen and Levinthal (1990) to
include the capacities needed in knowledge application. Process innovation will often require
tacit knowledge, which emphasizes the need for skilled workers in technology adoption. Firms
must possess the necessary “innovative capacities” to gain access to and assimilate new
knowledge (Robertson et al., 2012). These “innovative capacities” include accessive capacity,

adaptive capacity and integrative capacity.

Accessive capacity refers to the knowledge generation and accumulation conducted both
internally and externally (Robertson et al., 2012). Building tacit knowledge through learning-by-
doing is a part of a firm’s accessive capacity. The efficient transfer of knowledge across the
organization is essential (Cohen and Levinthal, 1990). Gate-keepers can play an important role in
translating the information and disseminating it across the organization. A firm’s ability to
establish relationships and create networks with other firms is also crucial to gaining access to
new knowledge. It is important for process innovators to scan the environment for new

technologies and remain informed about what is available to them. In addition to identifying new
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technologies, they must understand how to install and use them. Firms cannot integrate external

knowledge passively (Cohen and Levinthal, 1990).

Adaptive capacity is described as a firm’s ability to integrate the technology into their production
process (Robertson et al., 2012). This adaptation represents a form of incremental innovation.
Oftentimes, firms will use the technology for a purpose for which it was not originally designed,
therefore they must adapt it to fit the organization’s needs. Low-tech firms have adopted various
technologies originally designed for high-tech uses. Robertson and Patel (2007) studied the
adoption of advanced technology in food processing and the textile industry and its effects on
international patterns of production and trade. Technology adoption will have effects on the
production process as a whole that extended beyond a single piece of equipment. It will require

changes in the organization’s operations, which involve all the actors within the firm.

Robertson et al. (2012) have termed the firm’s ability to ensure that the technology is compatible
with their existing process as the firm’s “integrative capacity.” There is no inherent value in a
technology itself, the value of a new technology is determined by the business model used to
bring it to the market (Chesbrough, 2006). Firms need to be able to effectively assimilate the new

technology, or they will not realize the full benefits offered by the technology.

2.4 Canada’s Innovation Performance and Policy

Governments can assist in improving the innovative performance of firms by developing policies
which facilitate the adoption and diffusion of advanced technologies (Van Biesebroeck, 2007).
Small firms and firms with little experience in adopting advanced technologies may lack the
absorptive capacities to assimilate it effectively. According to Van Biesebroeck, governments
can implement policies to help firms use existing information more effectively, for example it
can “provide expert information on available technological options, provide information on
internal reorganizations that have proven to be necessary for successful adoption, or identify
foreign information sources of new technologies” (Van Biesebroeck, 2007, P.3). Policy makers
must consider why these firms have failed to grow, because removing some of the impediments

to adoption does not mean that the adoption will be successful.

22



A firm belonging to a low-tech industry is not necessarily low-tech itself. Most of the innovation
taxonomies, such as the one proposed by the OECD (2005) and by Pavitt (1984), look at
innovation at the industry level rather than the firm level, which has led to the misconception that
low-tech firms are not innovative. On an industry level, low-tech firms do not invest as much
into R&D as high-tech firms do (OECD, 2005). However, an increasing number of firms from
the low-tech sector, including forest sector firms, are using advanced technologies, such as
biotechnology and nanotechnology in their production processes. Therefore, they are not as
disconnected from the science base as it may appear. One of the reasons for the misconception, is
that firms are classified based on the output produced, rather than the inputs going into the
production. Even in low-tech industries, these inputs may involve high-tech products. The roles
of high technology and LMT sectors cannot be analysed in isolation, because it is their

interaction that drives economic growth and development.

Research on mature industries challenges the idea that they are not innovative (Mendonga,
2009). Many industries classified as low and medium-tech by the OECD are in fact involved in
technology diversification and high-tech patenting. LMT firms do have the ability to learn and
actively contribute. Although widely used, the OECD classification based on R&D expenditure,
may not provide the most accurate representation of levels of innovation in different sectors.
There is a trend towards technology diversification; new technologies are not replacing the old
ones, but are being combined as inputs into new or improved products. Research in the past has
not focused on the role of multi-technology firms in innovation and knowledge creation. Many
large firms are diversifying their innovative activities into new areas, combining even three
different types of advanced technologies in their production process (Mendonga, 2009). The

existing classification systems may need to be expanded to account for these types of firms.

Pavitt’s taxonomy has been used as a framework by other researchers (De Jong and Marsili,
2006; Castellacci, 2007), who have expanded it to include services as well as small firms. There
may be some issues associated with designing policy at the industry level. Integrating the firm
level of analysis with the industry level could help policy makers and managers understand how
innovations within specific sub-sectors influence the industry as a whole. By extending the
original framework, the rates, sources and direction of innovation may be used to explain the

differences in business practices and strategies. These variables account for the informal aspects
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of innovation in small firms or low-tech firms, as they do not focus solely on R&D intensity.
Certain firms belonging to a low-tech industry may be involved in R&D and have a scientific
base. These types of firms should not be overlooked, as they play an important role within the

industry.

2.4.1 Canada’s Innovation Performance

The lack of innovation has been a problem for the Canadian economy as a whole. During the
1990s, Canadian firms were more focused on the local market and the US, rather than competing
on a global level (Porter and Martin, 2000). The strategy they were pursuing was based on raw
materials and labour cost savings instead of innovation. Over the past 20 years, it has become
apparent that in order to be competitive on an international level, firms must produce distinctive
and differentiated products and services, rather than replicate those of their competitors (Porter
and Martin, 2000). Canada has for many years relied on its natural resource endowments to
produce low cost commodities with standard technologies, particularly when it comes to the
export industry. However, this will not result in a sustainable competitive advantage for
Canadian firms. A recent study by the Conference Board of Canada (2012) found that Canada is
near the bottom of its peer group on innovation. Out of 16 countries, Canada places thirteenth.
This is a cause for concern, because “innovation is essential to a high-performing economy”
(Conference Board of Canada, 2012, para.12). The countries scoring higher on innovation, are
also performing better on measures such as income per capita, productivity and quality of social

programs.

One of the reasons for the poor score is the fact that Canadian firms are behind on the adoption
of innovative technologies (Conference Board of Canada, 2012). With increasingly shorter
technology life-cycles, Canada, as a slow adopter, needs to catch up on many technologies,
which is reflected in the country’s low productivity level. As developing economies, such as
Brazil and China, achieve productivity gains, Canada must focus on more innovation-related
strategies based on knowledge-intensive, high-value-added goods and services (Conference
Board of Canada, 2012).

The findings of the Conference Board are nothing new, Canada’s productivity has been lagging

behind the US and other developed countries since the 1980s (Mockler and Robichaud, 2011).
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The country’s abundant natural resources have resulted in it being primarily an “upstream”
producer serving the same traditional markets with outdated production processes. The 2009
report by the Council of Canadian Academies points out that “despite a strong comparative
advantage in resource endowment, Canada did not develop leading global firms in machinery for
forest products, mining or fisheries” (Council of Canadian Academies, 2009, P.63). In regards to
the forest sector, the industry has largely relied on primary products such as plywood and
lumber, which are mainly exported to the US (Mockler and Robichaud, 2011). However, the
growing demand for green products and the increasing intensity of competition has driven some

forestry firms to innovate.

Canadian firms should differentiate themselves and develop unique production processes.
Instead of exporting low value-added commodities, they should serve more demanding and
sophisticated customers and export their technological and managerial expertise (Porter and
Martin, 2000). Canadian firms are not sufficiently investing in cutting-edge technologies, such as
ICT (Conference Board of Canada, 2012). However, there is currently no explanation for why
this is the case, as comprehensive data on this issue is not available. The survey conducted by the
Conference Board’s Centre for Business Innovation revealed that 25% of firms find finance to be
the primary challenge to innovation (Conference Board of Canada, 2012). Canadian firms rely
on internal cash flow to finance innovation, a lack of finances can act as an obstacle to
innovative activity. Seeking external sources of finance, both in Canada and abroad, could help
firms overcome this problem. The analysis of the 2007 Survey of Advanced Technology could

provide some insights on this issue.

2.4.2 R&D Focus

Canada lacks a coherent Innovation Policy. Most innovation policy objectives are directed at
specific industries or on the commercialization of technology, but fail to recognize that the true
value of an innovation lies in its diffusion throughout industries (Hawkins, 2013). Canada was
unable to meet its Innovation Strategy target, set in 2002, to become one of the top five countries
in the world in R&D performance. With an R&D expenditure of 1.72% of its GDP in 2012,
Canada is behind the OECD average of 2.4% (OECD, 2014).
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The main focus of Canadian innovation policy has been on supporting R&D and technology
start-ups. This techno-centric view is apparent in government reports, such as the report by the
Council of Canadian Academies (2009) and the Jenkins Report (Industry Canada, 2011), which
utilize input-based indicators, such as R&D, patents or technology. However, these indicators are
biased in favour of high-tech firms (Hawkins, 2012). According to Hawkins (2012), this may not
provide an appropriate representation of innovation in Canada because “the majority of our most
economically significant sectors — basically our natural resource and financial services sectors —
are for the most part capital-intensive technology adopters, rather than R&D-intensive
technology producers” (Hawkins, 2012, P.13). Although their R&D intensity is low, this does
not mean that firms in the natural resources or service sectors do not innovate, nor are they

necessarily technologically behind other sectors.

For firms to extract economic value out of R&D, its results must be integrated into products and
processes that become adopted throughout the market (Huang et al., 2010). The OECD has been
using gross domestic expenditure on R&D as a percentage of GDP (GERD) to compare
countries’ R&D intensity. In a study of the third European Community Innovation Survey,
Huang et al. note that the emphasis on R&D is “reflected in the structure of innovation support
programmes” (Huang et al., 2010, P.5). They also found that almost half of innovative firms did
not perform R&D. In addition to this, Gu and Tang observed that for wood products, expenditure
on R&D is not correlated with innovation. Instead, the main source of innovation is investment
in new equipment and skilled workers (Gu and Tang, 2004). These findings provide support for
the idea that firms do not have to perform R&D to innovate. R&D is a risky activity, many firms,
particularly small ones, may not be willing to take the economic and information risks involved.
Technology adoption is perceived to be less risky than R&D, because firms are able to research
the technology prior to adoption (Huang et al., 2010).

The standard classification system is focused on the inputs to innovation, rather than the
outcomes. It does not account for the results of innovation, such as the creation of globally
competitive firms or the impact on society (Hawkins, 2013). Other non-R&D forms of
innovation include adaptation and learning by doing, imitation and adopting innovations
developed by others, and combining existing knowledge in new ways (Huang et al., 2010). The

OECD classification scheme is based on one input into the innovation process, R&D; however it
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does not take other factors, such as advanced processes or the skill level of the workforce into
consideration (Baldwin and Gellatly, 1998). Indicators such as GERD are more commonly used
in innovation scoreboards, because monetary investments in R&D are easier to measure than
innovation outcomes (Godin, 2004). We must also distinguish between the outputs and impacts
of R&D investment. Outputs are the direct outcomes of R&D activities, such as knowledge or
innovation, which are measured by the number of papers produced, patents, product and process
innovations (Godin, 2004). In contrast, “impacts are indirect and long-term outcomes, like

economic growth, productivity and social welfare” (Godin, 2004, P.4).

Firms in the forest sector are more likely to engage in process innovation and informal R&D,
which are not accounted for in traditional R&D measures. This may give the false impression
that the forest sector is not innovative at all, when in fact certain firms, particularly in the pulp &
paper industry, are very innovative (Schaan and Anderson, 2002). Innovation is a very complex
process, and there is no evidence to suggest that the more a firm invests in technology, the better
the outcome will be (Hawkins, 2012). Baldwin highlights the importance of recognizing
innovation in LMT industries by stating that “focusing on highly visible industries, such as
computers, can lead to the mistaken impression that innovation is only found in high-tech
industries. In reality, innovation is occurring in many industries. And within these industries,

firms that are innovative are the ones more likely to be growing” (Baldwin, 1999, P.1).

From a policy perspective, the implications of misclassifying industries could have detrimental
impacts on society, particularly if resource allocation through government programs is based on
these classifications (Baldwin and Gellatly, 1998). When an industry is classified as low-tech, it
is seen as low-knowledge and part of the “old economy”, whereas a high-tech industry is
perceived to be innovative and desirable (Baldwin and Gellatly, 1998). The negative
connotations applied to a low-tech industry could have adverse consequences for firms in these
industries, as their access to government funding may be limited. This type of classification also
gives the mistaken impression that all firms in low-tech industry are technologically inferior,
which is not always the case. Baldwin and Gellatly emphasize that “low-tech industries are not
devoid of high-tech firms, nor are high-tech industries comprised exclusively of high-tech firms”
(Baldwin and Gellatly, 1998, P.6). The authors recommend a competency-based approach for

firm classification based on new small firms, because they are often at the forefront of product
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development and technology use. This would also eliminate some of the bias in favour of large
firm characteristics, which often occurs in classifications based on the industry level (Baldwin
and Gellatly, 1998).

2.4.3 Canadian Policy Interventions

In Canada, the Investments in Forest Industry Transformation (IFIT) program, provides funding
for firms implementing highly innovative technologies, which allows them to develop value-
added forest products and bio-energy (Natural Resources Canada, 2014). Although the forest
sector is considered to be low-tech, firms in this industry use many high-tech products in their
production processes and also conduct research in collaboration with research institutes, such as
FPInnovations. FPInnovations is “the world’s largest public-private partnership in research and
development” (Benoit, 2008, P.24). Its goal is “leadership in forest sector R&D and innovation
in order to strengthen the Canadian forest sector’s global competitiveness through research,
knowledge transfer and implementation” (Benoit, 2008, P.24). Public-private partnerships can
provide access to scientific research, as smaller firms may not have the resources to conduct the
research themselves, but they are capable of applying it in innovative ways. The high cost and
perceived risk associated with technology adoption could be preventing managers from
implementing new technologies. Government projects, such as those in the Canadian Forest
sector, can help reduce some of these costs and risks and allow firms to adopt innovative
technologies. While these projects only support a small number of firms, other firms can learn

from them, especially when it comes to world-first or Canada-first innovations.

Policies investing purely in high-tech may not result in economic growth and development, since
the sectors are highly interdependent. Policy makers need to support both high and low-tech
industries. Nevertheless, investments in R&D are often prioritized, as the effects of radical
innovations are more readily apparent than that of incremental innovations. Firms that have been
considered low-tech, are contributing to the development of high-tech products. When high-tech
and low-tech firms collaborate on the development of new technologies, the contribution of the
low-tech firm may be difficult to quantify in terms of R&D. Innovation cannot be studied as an
isolated phenomenon, as it is a part of an Innovation System (Canadian Forest Service, 2014).
The linkages between high and low-tech firms, such as collaboration, joint research, licensing or

the flow of information and knowledge, are all a crucial part of the innovation system. The actors
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engaged in innovation activities all have linkages with other actors (Canadian Forest Service,
2014). Research into high and low-tech collaborations could provide some insight into the
interdependencies between these sectors. This research could also help explain why policies
supporting only the R&D side of innovation and not the diffusion of knowledge may not have
much influence on firm success. Firms must also be able to access the knowledge created in
R&D labs and assimilate it into their production processes (Cohen and Levinthal, 1990). One of
the difficulties in developing innovation policies for the forest sector, is the fact that R&D is a
federal responsibility, while forest management is provincial (Binkley, 1995).

The linear model of innovation focuses on formal R&D as a source of innovation and does not
take into consideration the important role of other activities such as design, training and use of
advanced machinery. Improved firm performance can be accomplished through the development
and use of superior products and production processes. Gaining and retaining access to
knowledge will only be of use if firms can effectively apply the knowledge. Policy therefore
needs to support the commercialization of new knowledge and technology, as its value can only
be realized in use. In addition, the absorptive capacities of firms are influenced by the absorptive
capacities of the individuals within the organization (Cohen and Levinthal, 1990). Firms would
benefit from policies directed toward training and skill building. Improved policy design would
involve developing a new system of innovation indicators for non-R&D innovation activities,
including design, technological intensity and skill intensity. These indicators could help provide

a better understanding of innovation in low-tech firms.

Developing a National Innovation Policy requires a deeper understanding of innovation in
Canada’s key industries, including the forest sector. This study will contribute to the growing
body of knowledge on innovation in the forest sector, by examining how and why forest sector
firms adopt advanced technologies and the outcomes of adoption in terms of performance

improvement.
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2.5 The Canadian Forest Sector

The forest sector is traditionally viewed as stagnant and non-innovative in comparison to higher-
value added industries in the knowledge economy (Baldwin, 1999). Historically a driving force
for the Canadian economy, the forest sector represented on average 3.4% of Canadian GDP
between the years 1975 and 1991 (Madore and Bourdages, 1992). The average annual wage in
the forest products sector in the year 2011 was $52,673, which is 16% higher than the national
average (FPAC, 2012). The forest industry has also generated a large number of indirect jobs and
stimulated economic development in other industries downstream by supplying sectors such as
construction, furniture making, printing and publishing; as well as creating demand for energy,
machinery, chemicals and transportation services (Madore and Bourdages, 1992). Due to the
interdependence of these sectors, the industry crisis has had a negative effect on the product and

service suppliers of forestry firms.

Canada’s forests represent the third-largest area of forested territory in the world. Canada has
approximately 397.3 million hectares of forest and wooded land, and less than 0.2% of Canada’s
forests is harvested annually (Canadian Forest Service, 2012). The majority (93%) of forest land
is managed by the government: 77% is in control of the provinces and 16% held by the federal
government (Benoit, 2008). The remaining 7% are private woodlots controlled by over 450,000
individual owners. Provinces are responsible for managing the forests within their territory. They
have the authority to “develop legislation, regulations and policies, issue logging permits, collect
stumpage fees and compile forestry data” (Benoit, 2008, P.4). The federal government deals with
“trade and international relations, Aboriginal affairs, the management of federal lands and
environmental protection” (Benoit, 2008, P.4). Currently, the industry is characterized by falling
exports, mill and plant closures and job loss. The future of the Canadian forest sector depends in-
part on adoption of new technology, access to new markets and sustainable forest management
(Canadian Forest Service, 2012).

In the face of these challenges, Canada has been able to maintain its position as the world’s
largest exporter of forest products, in terms of both value and quantity. Canada’s timber exports

are thought to account for over 16% of the global trade in forest products (Cockwell, 2012). In
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addition, “Canada is also the world’s largest wood pulp exporter and accounts for 15% of global

pulp production and 26% of global pulp exports” (Cockwell, 2012, P.143).

Figure 4: Forest Industry Contribution to Canadian GDP (1961 - 2010)
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Although the forest sector accounts for only around 2% of the Canadian economy, Canada is one

of the largest exporters of forest products. About 70% of Canada’s GDP is represented by

services, while natural resources (forest sector, minerals and metals, and energy) accounted for
11.5% in 2010 (Trading Economies, 2014). Between the years 2005-2009 the forest products
sector’s contribution the total economy plummeted (Natural Resources Canada, 2013c). The

logging and wood sub-sectors were severely impacted by the decrease in demand in the US

construction market. Concurrently, consumers are switching from graphic paper to electronic
media (Natural Resources Canada, 2013c). In 2011, the forest sector’s share of GDP improved

from its record low in 2009 to 1.9% ($23.7 billion), primarily as a result strong domestic demand

and increasing exports to Asia. Adopting and successfully

implementing advanced

manufacturing technologies could help the Canadian forest sector return to a position of greater

contribution to the total GDP by improving its competitiveness in global markets.
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Figure 5: Canadian Trade Balance (1970 — 2010)
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Canada is a leading exporter of natural resources and resource-based knowledge and technology
(Natural Resources Canada, 2012). The contribution of the forest sector to Canada’s trade
balance grew steadily since the 1970s, until the year 2000, when it began to decline. However,
the trade balance in forest products has remained positive over the years and has significantly
contributed to Canada’s trade surplus. In December 2008, Canada experienced its first monthly
trade deficit since 1976, mainly due to weak demand from its main trade partner, the US, and
falling oil prices (Trading Economics, 2009). The strengthening Canadian currency made exports
more expensive, which further widened the trade deficit. In 2010, forest product exports picked
up. Canada was the second largest forest product exporter and forest products made a major
contribution, of $16.6 billion, to Canada’s balance of trade (Natural Resources Canada, 2012).
However, Canada was experiencing an aggregate $4.3 billion trade deficit. By the end of 2013,
Canada’s total trade balance declined to a deficit of $7.3 billion, partially influenced by a

decrease in exports to the US (Statistics Canada, 2014).

Historically, the natural resource sectors have been an engine of job creation (Natural Resources
Canada, 2012). However, many of the innovations in the forest sector have been labour-saving,
resulting in labour productivity improvements, which contributed to the employment decline
(FAO, 2012). Between the years 2003-2008, over 32,000 jobs were lost in the forest industry due

to the closure of more than 300 plants (Benoit, 2008). The most significant impact was felt in
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Quebec, where 11,329 people lost their jobs, representing one third of the total forestry jobs lost
(Benoit, 2008). Forestry is a crucial component of many regional economies. Certain areas of
Canada are primarily dependent on the forest sector. According to Cockwell, “British Columbia
and the Maritimes, depend on forest-related activities for 15% or more of their economic
activity.” (Cockwell, 2012, P.77). The forest industry is concentrated in three provinces, British
Columbia, Ontario and Quebec. The provinces are involved in different areas of the sector.
Together, Ontario and Quebec account for 62% of the pulp and paper industry. While logging
and the wood products industry are more active in British Columbia, each representing 51% and
45% of the activity respectively (Madore and Bourdages, 1992). This division is representative
of the general trend in Canada, where value-added forest products are exported from the eastern
provinces and the western provinces export non-value-added products, such as softwood lumber
(Cockwell, 2012).

Further plant closures could have devastating effects on the forest-dependent communities, in
particular on First Nations Individuals. The forest products industry is the largest employer of
First Nations, in 2012 the industry employed over 17,000 (FPAC, 2012). The people in forest
dependent communities need to be prepared to deal with the impending changes in the industry
and adapt to the changes in skill requirements (National Forest Strategy Coalition, 2002). Many
families are moving away from these areas to find employment elsewhere, which has
significantly decreased school enrollment levels. The industry plays an important role in many
rural economies, because it serves as “one of the major providers of high-quality, high-paying
jobs for smaller communities” (Tulloch, 2008, P.3). Unlike in urban centres, where other job

opportunities are available, retraining in these communities is often difficult, if not impossible.

2.5.1 Forest Sector Transformation

Transformation of the forest industry is one of the top priorities for the sector, as traditional
forestry industries will continue to play a crucial role in the Canadian economy. The Canadian
government has recognised that the sector needs to enhance its competitiveness and become
more innovative (Mockler and Robichaud, 2011). The Council of Canadian Forest Ministers
released the Sixth National Forest Strategy in December 2008 entitled A Vision for Canada’s
Forests: 2008 and beyond. The vision statement is “to be the best in the world in sustainable

forest management and a global leader in forest sector innovation” (Mockler and Robichaud,
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2011, P.35). The transformation of the forest sector relies heavily on the opportunities created
through innovative products and technology. The forest sector is dependent on large capital

investments in order to upgrade existing technologies or adopt new ones (FAO, 2012).

In recent years, the federal government has invested in many projects funding innovation and
research in the forest sector. In August 2010, the federal government launched a $100 million
initiative, the Investment in Forest Industry Transformation Program (IFIT). The goal of IFIT is
to “support the introduction of leading-edge technologies in the forest sector through investment
in innovative practices in forest work” (Mockler and Robichaud, 2011, P.36). The Economic
Action Plan 2012 proposes $105 million over two years to support the continued transformation
of the forestry sector (Forest Talk, 2012). An additional $92 million was allocated to the forest
sector in Budget 2013 to fund programs in the forest sector, such as the Expanding Market
Opportunities Program (EMO) and the Forest Innovation Program (FIP) (Natural Resources
Canada, 2013b). The EMO is divided into two components: the off-shore markets component,
the goal of which is to maintain and grow international forest product markets; and the North
American component, which is focused on promoting the use of wood in North American non-
residential construction in order to establish Canada as the world leader in sustainable forest
management (Natural Resources Canada, 2013b). FIP supports pre-commercial research and
development of innovative technologies conducted by FPInnovations as part of the
Transformative Technologies Program (Natural Resources Canada, 2013b). In order to continue
innovation in this sector, Canada’s Economic Action Plan 2014 has renewed the IFIT program,
providing $90.4 million to this project over the next four years (Natural Resources Canada,
2014).

However, investing in research and new technology will not necessarily result in improved firm
performance; the full benefits of a new technology can only be realized when accompanied by
changes in workplace organization, such as training (Boothby et al., 2010). The adoption of new
technologies is often associated with increased skill requirements and changes in human resource
practices (Co et al., 1998). Much innovation knowledge is embodied in people and their skills;
innovation surveys provide limited information and ways of measuring the contribution of

human capital to innovation have not been developed (OECD, 2005).
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The forestry industry operates in a highly competitive, oversupplied commodity markets
(Wright, 2002). The market is dominated by large global companies. A strategy focused on cost
saving is not viable in the long run due to the downward pressure on commodity prices (Porter
and Martin, 2000). Instead of competing through cost reductions, Canadian firms need to invest
in new products and innovation. The development and diffusion of advanced technologies is
crucial to sustaining a high level of productivity in the Canadian forest sector. For many years,
Canada lacked a well-defined forest research strategy, both on a public and private level
(Binkley, 1995). The forest sector’s transformation is hindered by the comparatively lower levels
of R&D expenditure in Canada. Canadian R&D investment lags behind that of our major
competitors (Binkley, 1995). Forestry firms may be apprehensive when it comes to investing in
new technologies, because they will not appropriate the benefits of their investment, as “the
benefits of investing in the sector are often global, rather than national or local” (World Bank,
2008, P.2). Appropriability refers to “the ability to appropriate innovation investments through
higher prices for new or improved products or through lower production costs” (Huang et al.,
2010, P.16). The benefits of R&D and technology adoption will be passed on to customers in the
form of lower prices. If one firm improves its technology and reduces its production costs, other
firms in the sector are likely to follow suit. An increase in supply will lead to a reduction in
price. Since most of the industry’s customers are located outside of Canada, the benefits of R&D

will flow out of the country.

2.5.2 Innovation in the Canadian Forest Sector

Schaan and Anderson (2002) examined the results of the 1999 Survey of Innovation to determine
if there are significant differences between innovative and non-innovative firms in the natural
resources sector. They found that forest sector firms were more likely to introduce process rather
than product innovations. This focus on process innovation might be explained by the main goals
of innovation in the forest sector, which were to increase productivity and improve production
flexibility (Schaan and Anderson, 2002). Some of the motivation behind forest sector firms
adopting new technology is the desire to introduce more environmentally sustainable
manufacturing practices while maintaining their competitive edge (Cockwell, 2012). The forest
sector has been able to innovate by using wood resources more efficiently. The industry is a
leader in using renewable sources of energy, especially in the pulp and paper industry, where

energy consumption per unit output is declining (FAO, 2012).
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According to data collected by the 1999 Survey of Innovation, about 50% of innovative firms in
the forest sector conducted R&D (Schaan and Anderson, 2002). However, there is great variation
in the type of R&D based on the sub-sector. Firms in the paper industry are the most R&D
intensive of the forest sub-sectors, about 63% of their R&D is conducted in-house in distinct
R&D departments. On the other hand, innovative firms in logging will outsource 60% of their
R&D (Schaan and Anderson, 2002). Most forestry firms are small and do not have research
facilities of their own, therefore, they rely heavily on collaborative research efforts. The
commitment of resources to R&D in public and private organizations in the forest sector and
related industries will affect the possibilities for technological change in the sector (Rosenberg et
al., 1990). When firms develop innovations in partnership, the cost for individual firms is
reduced, as it is shared between them. The federal and provincial government are also involved
in these research institutions, which provides further funding. Firms conducting R&D and using
government support programs, such as R&D subsidies and tax credits, are more likely to
innovate (Hanel, 2003). Public spending may be necessary where the long-run benefit to
individual forestry firms is negative, but the overall social return is positive (Binkley, 1995;
Hanel 2003).

2.5.3 The Forest Sector’s Competitiveness

The Canadian forest industry is in danger of being overtaken on the international market by
competitors who have been able to take advantage of new technology. While foreign mills are
producing high value-added products, many “Canadian companies are still dependent on primary
product markets with their shrinking profit margins” (Madore and Bourdages, 1992, P.2).
Canada’s businesses have not taken advantage of technological opportunities to increase their
efficiency and diversify their production. The forest sector’s productivity is affected by the forest
tenure system, which inhibits the efficient use of forest resources by the private sector (Wang,
2009). This sets Canada behind its major competitors, such as Finland, Sweden and the US,
where the majority of the forests are privately owned (Wang, 2009). The level of return on
capital in Canadian forestry firms is lower than that in Nordic countries (Wright, 2002). These
countries predominantly export value-added products, while 30% of the Canada’s forest sector
exports leave to the US as unprocessed timber (Cockwell, 2012). For too long, the industry has

relied on a single market, which has contributed to the crisis it is dealing with today (Canadian
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Forest Service, 2012). The sector will have to diversify if it is to remain competitive in the

future.

Canada’s forest sector is largely dependent on foreign technologies, as its investment in science
and technology is much lower than that of its competitors (National Forest Strategy Coalition,
2002). Germany and Scandinavia have been the source of many important product innovations in
the sector (Rosenberg et al., 1990). Many forestry firms rely on their suppliers for research and
technology. If suppliers are the sole provider of research and technology, there is no competitive
advantage between the firms, because competitors will have access to it as well (Wright, 2002).
Therefore, this is a very risky strategy. As in-house R&D diminishes, forest sector firms will
depend on universities and research institutes for new knowledge. Universities conduct
fundamental research, however, they often lack the capabilities to commercialise their
inventions. Research institutes are closer to the technology development and implementation and

are better equipped to engage in proprietary research.

In 2009, The Natural Sciences and Engineering Research Council of Canada (NSERC) partnered
with FPInnovations and NRCan to create the NSERC Forest Sector R&D Initiative (NSERC,
2009). The five year initiative represents a $34 million investment into university research in the
area of forestry innovation and supports the commercialization of this research. The main goal of
the initiative is forest sector transformation. The Forest Innovation by Research and Education
(FIBRE) network was created in October 2011 as part of the Forest Sector R&D initiative in
order to facilitate collaboration between the NSERC funded university networks (FPInnovations,
2013). FIBRE is tackling some of the skill shortages in the industry by training highly qualified
professionals (FPInnovations, 2013). One of the universities greatly involved in forest research
is the University of New Brunswick. The University has benefited from a federal government
investment of $1 million as part of the Collaborative Research Partnership for Sustainable Forest
Management (Industry Canada, 2010). The investment, provided through The Social Sciences
and Humanities Research Council of Canada's (SSHRC) Community—University Research
Alliances (CURA) program, will fund 20 large-scale research projects over a six year period,
from 2010 to 2016 (Industry Canada, 2010). Collaborative efforts, such as this one, are a great
example of industry, government and universities working together to transform the forest sector.

Since forestry firms do not conduct much internal R&D, they need to develop absorptive
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capacities in order to assimilate external knowledge developed by universities, research centres

or other firms.

Sweden’s forest sector is facing similar challenges in terms of high labour and capital costs, so
firms have adapted by producing high-value added goods in order to offset these costs. Many of
the small firms have been joined together through mergers and acquisitions to form integrated
pulp and paper companies, which has allowed them to reduce costs (Blomstorm and Kokko,
2007). There is a large emphasis on skill upgrading, through vocational education, and the firms
benefit greatly from the knowledge clusters created as a result of the mergers. Swedish forest
sector firms are investing in new technologies, such as drying kilns, in order to better serve the
needs of their customers (Blomstorm and Kokko, 2007). Sweden and Finland have benefited
greatly from applied research in the forest sector and are leading the market in the design and
production of wood-processing equipment (Madore and Bourdages, 1992). Scandinavian
research laboratories, comparable to Canada’s cooperative research institutes, are conducting

twice as much research as their Canadian counterparts (Madore and Bourdages, 1992).

Bowyer points out that “wood products manufacturing activity is beginning to shift from
developed to developing regions. At the same time, industrial wood products consumption is
growing in developing regions” (Bowyer, 2004, P.59). Production has transferred to countries
with lower labour cost and lower costs of regulatory compliance (Bowyer, 2004; Canadian
Council of Forest Ministries, 2008). Wood supply has also increased for a number of reasons: the
development of fast-growing tree plantations, specifically in Asia and South America; the
emergence of the Russian forest sector; and an increase in harvesting of rainforests (Luckert and
Salkie, 1998; Bowyer, 2004).

Canada has been successful in selling its wood products on international markets due to the high
quality of wood fibre in its forests. However, according to the National Forest Strategy Coalition,
Canada is losing its advantage as other countries are “introducing new technology in the mills to
produce high quality value added products from low-cost short-rotation fibre” (National Forest
Strategy Coalition, 2002, P.8). Canada’s forest firms are finding it difficult to compete with
foreign low-cost producers. One of the key emerging players in the market for forest products is

China, both on the production and consumption side. Chinese forest product manufacturers also
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pose a competitive threat to Canada. China is our second largest trading partner, after the US,
with wood products being the largest Canadian export to China — representing 18.22% of the
total exports to China (Wang, 2009; Canadian Forest Service, 2012).

However, rather than exporting value-added wood products, the majority of the exports consist
of primary wood products, such as primary pulp, sawn lumber and logs. Chinese firms then turn
the wood into finished products and sell them on the North American market at a cheap price
(Wang, 2009). Instead of being able to capture the benefits of Canada’s natural resource
endowment, we are exporting primary goods, with little value-added, and buying back the
resulting secondary goods. Domestic wood product firms struggle to compete with Chinese
producers, who have much lower labour costs. To improve its competitiveness on global
markets, Canada needs to promote small, flexible mills able to serve niche markets, not focus on

short-term, market-oriented, profit-maximizing goals (Wang, 2009).

2.6 Advanced Technology Adoption

Empirical studies based on the “Survey of Innovation and Advanced Technology” by Statistics
Canada have been conducted over the years to identify the benefits of advanced technology
adoption and distinguish innovators from non-innovators (Baldwin, 1999; Baldwin and Sabourin,
2004). Advanced technology refers to “a new technology that performs a new function or
improves some function significantly better than commonly used technologies” (Statistics
Canada, 2008b, P.4). Investing in advanced manufacturing technology allows firms to serve
their markets better, as it will enable them to design custom high-quality products and respond
more rapidly to market changes (Tracey et. al 1999). Advanced technologies include design,
engineering and virtual manufacturing technologies, such as computer-aided design or computer-
aided manufacturing; processing, fabrication and assembly technologies; inspection systems;
communications technologies; automated material handling and integration and control
technologies (Appendix I, P.102-111). Studies on the adoption of advanced technology are
usually concerned with the manufacturing industry as a whole, however not all manufacturing
firms innovate in the same way. New technology may improve a plant’s efficiency and allow

firms to charge a lower price for their products, which should result in higher market shares
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(Baldwin and Sabourin, 2004). Doms et al. (2005) found that capital-intensive plants employing

advanced technologies have higher growth rates and are less likely to fail.

However, there is a gap in the innovation and technology adoption literature, as research on the
Canadian forest sector has been limited to quantitative studies. As mentioned previously,
innovation is a phenomenon that is difficult to measure. Looking at the firm level, rather than the
aggregate level, can reveal more about the process of advanced technology adoption in forest
sector firms. Instead of focusing only industry aggregates, this study will also include a

qualitative component focused on individual firms and their behaviour.

Surveys focus on the outcomes, rather than the process of innovation. Innovation surveys are
concerned with measuring the inputs and outputs of innovation within a firm, but do not really
look at the dynamics, relationships and interactions that affect innovation (Salazar and Holbrook,
2004). Exploring the adoption process from a qualitative perspective can reveal the
organizational changes that need to take place in the firm in order to adopt a new technology. For
this reason, the 2007 Survey of Advanced Technology data will be supplemented with interviews

with forest sector firms adopting advanced technology.

Voss (1988) developed a life cycle model of the process of implementation (Figure 6 below),
which will provide a conceptual framework for the qualitative study. The author defines
implementation as “the user process that leads to the successful adoption of an innovation of new
technology” (Voss, 1988, P.59). The implementation of advanced technology is a three-stage
process; the first phase involves all the pre-installation factors that may influence the success of
advanced technology implementation. The second phase involves the installation and
commissioning of the technology, the goal of which is to meet technical and utilization targets.
In the final, post-commissioning stage, further technical improvement takes place in order to
derive business success from technical success (\Voss, 1988).
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Figure 6: Life Cycle Model of the Process of Implementation
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Source: Voss (1988)
According to Voss (1988), the elements of the implementation strategy include organization,
technical planning, business strategy and management. Support of top management is an
important factor in the implementation of advanced technology (Co et al., 1998). Advanced
technology adoption also has an impact on the employees working at the firm. Advanced
technology can expand the technical complexity of forest sector jobs and changes the skill
requirement, which means that technical retraining may be necessary (Co et al., 1998). This idea
corresponds with the findings of Baldwin (1999), who suggests that firms which are successful
in the implementation of innovations usually place an emphasis on their human resource

strategy, in particular on training.

2.6.1 Factors Affecting Technology Adoption

“Adoption occurs when the benefits from adopting the new technology outweigh the costs.
Adoption rates alone, are insufficient for attempting to understand the complex nature of
technological change” (Sabourin and Beckstead, 1999, P.13).

The benefits of advanced technology use include a decrease in direct labour costs, more efficient
use of machinery, decreased product development time and improved productivity (Co et al.,
1998). According to Boothby et al. (2010) “firms that adopt new technologies and at the same
time invest in skills are expected to realize greater productivity gains than those who do not”
(Boothby et al., 2010, P.650). Internal expertise, organizational practices, training, R&D

capabilities and linkages with external networks can facilitate the adoption of AMT.

Arundel and Sonntag analysed the results of the 1998 Survey of Advanced Technologies in
Canadian Manufacturing and found that the internal capabilities of the firm were a major

determinant of the patterns of AMT use (Arundel and Sonntag, 1999). In fact, the internal

41



capabilities within the plant had a greater influence on AMT use than environmental factors,
such as obstacles to adoption. The 1998 Survey data indicated that prior AMT experience
increased the likelihood of future adoption (Arundel and Sonntag, 1999). Existing technology is
often cited as a determinant of successful AMT adoption (Voss, 1988). The authors also included
other plant-level factors in their analysis. They found that plant size (measured by the size of
employees) had an effect on the incidence of AMT use; larger plants were quicker to adopt
advanced technologies than smaller plants (Bartelsman et al., 1996). Since Canadian firms are
often smaller than those of our global competitors, it could be an indication of why they are less
likely to adopt advanced technologies (Binkley, 1995). This adoption lag could also be explained
by the greater availability in financial and technical resources within larger plants. Large firms
are capable of generating internal funds, which they are able to invest in risky R&D activities
(Huang et al., 2010).

On the other hand, small firms are less likely to be influenced by bureaucratic constraints or
coordination problems, which may allow for speedier adoption than in large firms (Langley and
Traux, 1994). Certain management-related factors also played an important role in determining
the level of AMT adoption. Ownership status also has an effect on AMT use; foreign-owned
plants use more AMTs than domestic plants (Zammuto and O’Connor 1992; Arundel and
Sonntag, 1999). Foreign-owned plants are usually part of a multi-level enterprise, therefore are
larger and more likely to adopt advanced technologies than standalone plants. Similarly, plants
serving only the Canadian market will adopt fewer AMTSs than exporting firms. The decision to
adopt new technology may be influenced by the actions of the firm’s competitors (Hoppe, 2002).
If their rivals adopt a certain technology, other firms may have to adopt it simply to keep up and

remain competitive in the market.

These results correspond with the results of the 1993 Survey of Innovation and Advanced
Technology based on which Baldwin and Lin concluded that “larger, younger, foreign-controlled

plants are more likely to use any technology” (Baldwin and Lin, 2002, P.10).
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2.6.2 Obstacles to Technology Adoption

Financial Constraints

The high cost of AMT can act as a significant barrier to adoption (Arundel and Sonntag, 1999;
Huang et al., 2010). It can be difficult for a firm to justify an investment in AMT, because the
strategic benefits resulting from adoption are hard to quantify (Small, 2006). Economic
approaches using financial and accounting techniques, may not be suitable for measuring certain
intangible outcomes of adoption, such as improvements in quality and flexibility. Instead, the
results of AMT adoption should be examined from a strategic perspective by assessing the firm’s
position in relation to its competitors and taking the industry’s future into consideration
(Vrakkig, 1989; Small, 2006). Measuring the outcomes of an AMT investment is complicated
even further if a firm adopts multiple technologies, because they may have system dynamics,
making it difficult to distinguish the impacts of a certain technology. Different technology
combinations will have varying effects on plant performance (Beede and Young, 1995; Small,
2006).

When it comes to the results of AMT adoption, the benefits are uncertain. Although most firms
invest in AMT with the intention to improve performance, the findings of the 1998 Survey of
Advanced Technologies in Canadian Manufacturing are mixed. The data do not provide
evidence to support that AMT adoption will lead to improved performance. In addition, the
financial benefits of AMT adoption are not realized right after the introduction of the technology,
but may take months or even years to be generated (Arundel and Sonntag, 1999). According to
the survey data, firms rank increased profitability as the most important result of technology
adoption; however, there is no indication that this increase in profitability actually occurs.
Therefore, Arundel and Sonntag (1999) believe that firms were reporting on their expected

results, rather than the actual outcomes of AMT use.

Organizational Barriers

The main barriers to effective use of technologies are related to the management process.
Organizational changes are sometimes necessary in order to become compatible with the
technology introduced (Da Costa and de Lima, 2009). The adoption of a new technology may be
deemed a success by the firm in terms of the technical implementation, however studies

conducted in the 1980s indicated that half of the firms, which adopted advanced manufacturing
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technology, did not achieve any strategic benefits, such as improved flexibility or reduced lead-
times (Voss, 1988; Schroder and Sohal, 1999). Inadequate organizational preparation and
planning may be the reason why firms do not fully reap all the benefits of AMT adoption (Small
and Yasin, 1997).

Tracey et al. (1999) emphasize the importance of including manufacturing managers in advanced
technology adoption, as it will provide better coordination between the various functional units
of the firm and streamline the adoption process. Teamwork is believed to be a key component of
technology adoption (Small, 2006). The involvement of managers in the technology adoption
also “helps create a shared learning environment that increases the rate of information exchange”
(Tracey et al., 1999, P.414). Top management support is crucial to the successful implementation
of a new technology (Co et al., 1998). Training will be necessary throughout the adoption
process, as employees need to be educated about the goals of the technology adoption (Mirvis et
al., 1991; Co et al., 1998).

Skill Development

A shortage of skilled workers can slow down the process of innovation, as much innovation
knowledge is embodied in people (OECD, 2005). However, methods from measuring the role of
human capital in innovation are not well developed. Labour quality is not completely static; it

also has a dynamic component, which makes it more difficult to measure (Freel, 2005).

Internal resources, including employees, are key to innovation in small and medium-sized firms,
such as those in the forest sector, since they may not have designated R&D personnel. Employee
contributions to innovation within the firm may not be captured using standard innovation
metrics, such as R&D expenditure (Hansen and Winther, 2011). The skills necessary for
innovation will vary by sector, therefore it is important to study the forest sector and its sub-
sectors specifically, rather than, for example, the manufacturing industry as a whole (Freel,
2005).

Johnson et al. (1996) differentiate between labour-saving and labour-enhancing technologies and
their effect on employee skill requirements. Labour-saving technologies assist employees on the
work floor, while labour-enhancing ones will increase their range of abilities (Johnson et al.,

1996). Rosenberg et al. (1990) found that most technological innovations in the forest sector
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have a labour-saving bias, which indicates that the industry “tends to increase its competitiveness
through improvements in labour productivity” (Rosenberg et al. 1990, P.16). The type of training
provided post technology adoption will likely be influenced by the nature of the technology
adopted, that is: whether it has a labour-saving or labour-enhancing effect. Technologies that are
labour-enhancing may require a higher skill set and thus more training than those which are

labour-saving.

Although skill shortages are believed to be a major impediment to innovation, the 1998 Survey of
Advanced Technology in Canadian Manufacturing indicated that labour shortages did not
prevent firms from adopting technology (Sabourin, 2001). Sabourin clarifies that “simply
reporting an occupational shortage does not mean it has a dramatic effect on technology
adoption” (Sabourin, 2001, P.14). The forest sector is competing with other sectors, such as oil
and gas, for skilled labour, which has resulted in an industry wide skill shortage (FPAC, 2012). It
is to be expected, that a period of radical technological change will result in a shortage for a
certain type of skilled worker. As firms adopt new technologies, which require new skill sets,
skill shortages will arise (Sabourin, 2001). The adoption of advanced technology will also result
in an increase in skill requirements. AMT adopters are therefore more likely to implement a

training program to account for the increase in job complexity (Baldwin, 1999).

It is anticipated that non-adopters face greater obstacles to technology adoption than adopters,
however the results of the 1993 Survey of Innovation and Advanced Technology demonstrate that
this is not the case. AMT adopters are in fact more likely to report impediments (Baldwin and
Lin, 2002). These firms were able to overcome the impediments and learn through innovation, as
opposed to non-adopters, who may be faced with similar challenges, but do not possess the

ability to overcome them. This differentiates successful and unsuccessful firms.
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3. Research Objectives

This thesis seeks to understand the frequency, types of and obstacles to adoption of advanced

technologies in the Canadian forest sector.

To increase our understanding, we will examine the main patterns of technology adoption across
Canadian manufacturing industries, and within the sub-sectors of the Canadian forest sector
(logging, wood and paper). So as to contextualize the results, a comparison within the Canadian
forest sector and between the LMT forest sector and the predominantly high-tech ICT
manufacturing sector will be made. The national innovation policy in the past has largely
focused on the production and application of new technology. The ICT sector is characterized by
low entry barriers and is attractive to venture capitalists due to high investment-to-earnings ratios
(Hawkins, 2012). The OECD also benchmarks countries based on their levels of expansion of
employment in the high-tech sector, which influences governments to evaluate the success of
their innovation policies on these metrics (Baldwin and Gellatly, 1998). Therefore, the ICT
sector is perceived as more desirable by investors and policy makers in comparison to the forest
sector, as it is instrumental in the transition towards a knowledge economy (Baldwin and
Gellatly, 1998). This has resulted in a techno-centric view of innovation with a bias toward
high-tech firms. Many of the government policies in Canada have been aimed at increasing
industrial R&D and stimulating the growth of tech start-ups (Hawkins, 2012). Although these
policies may help ICT firms produce high-value added products, mature industries, such as the
forest sector are also need in of investment in order to facilitate transformation (Conference
Board of Canada, 2012). A comparison of the forest sector to the ICT manufacturing sector can
help illustrate how a high-tech policy bias may have influenced technology adoption in both
sectors.

The study will analyze not only involvement in R&D, but also other factors influencing
innovation, such as advanced technology adoption, training or the use of advanced management
practices. We will investigate the extent to which Canadian forest sector firms produce Canada
first or world-first innovations and identify the differences between technology adopters and
non-adopters. Interviewing firms involved in the IFIT program, which are considered to be

leaders in forest sector innovation, allows us to gain a better understanding of the technology
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adoption process. The study also examines the obstacles to the adoption of advanced
technologies. Finally, the study investigates potential outcomes from these activities, in terms of

innovation, exports, and the impacts of advanced technology adoption on firm performance.
Specifically, we analyze:

- The percentage of capital investment in machinery and equipment spent on advanced
technologies

- The percentage of business units involved in R&D and the type of R&D they are
conducting

- The type and number of advanced technologies adopted

- The business practices regularly used (Product development, manufacturing and control
management, quality management — including lean, supply chain/logistics management )

- The type of training provided by forest sector firms post adoption (Such as acquisition of
fundamental competencies, computer literacy, technical skills, management skills;)

- The obstacles to adoption (in relation to financial justification, human resources,
organizational obstacles, or external support services)

- The novelty of product and process innovations produced by forest sector firms (from
new to firm to world-first)

- Forest sector exports as a percentage of revenue from sales to different countries

Previous surveys of advanced technology have demonstrated that firms in the Canadian
manufacturing industry gain market share and increase efficiency in the form of increased labour
productivity (Johnson et al., 1996; Baldwin and Sabourin, 2004; Sabourin and Beckstead, 1999).

Firms will adopt advanced technologies with the expectation that they will improve performance.

The diffusion of technology can be measured by examining the incidence and intensity of
technology usage. Based on the definitions from Sabourin and Beckstead’s report on the Survey
of Advanced Technology in Canadian Manufacturing 1998: “Incidence of use measures whether
a technology is being used. Intensity of use measures the extent to which that technology is being
used” (Sabourin and Beckstead, 1999, P.38). These two measures will be used in this study in

order to evaluate the diffusion of advanced technologies in the Canadian Forest Sector.
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It is less easy to hypothesize the type of technologies that are important to innovation in
particular sub-sectors, such as logging compared to wood products manufacturing, due to the
lack of previous research on the matter. Moreover, it is not clear the extent to which these

activities will impact on firm performance and innovation.

Analysis of the 2007 Survey of Advanced Technology will provide a better understanding
innovation and advanced technology adoption in the forest sector and sub-sectors. The results of
this project will be used to inform advice to industry on best practices in the adoption of
advanced technologies for the purposes of improving firm-level innovation and performance.
Results will also be useful in identifying public policy interventions both existing and potential
for the purposes of encouraging innovation in the sector. The ability to measure innovation

accurately is particularly important in evidence-based policymaking (Halkett, 2007).

The study will highlight the importance of advanced technology adoption in the forest sector and
provide evidence to encourage the provision of government funding through programs such as
IFIT, by demonstrating why continued investment in advanced technology in the forest sector is

necessary by the government and private sector.

The existing professional networks and established working relationships between The Canadian
Forest Service, The University of Ottawa and Statistics Canada provide a unique opportunity for
research on innovation in the forest sector. There are limitations to the types of data that can be
obtained by innovation surveys, at least as it pertains to the measurement of the impacts of
innovation on firms individually and sectors collectively. The survey data was collected over five
years ago, yet it has not been exploited to its full potential; this research study provides a great
opportunity to explore the data in a new way and from the forest sector perspective. The
investigation will require interviews for qualitative analysis, as data from surveys often needs to
be combined with other sources of information (Salazar and Holbrook, 2004). The 20007 Survey
of Advanced Technology does not provide performance measures or measures of success, only
self-reported “impacts of technology adoption.” The interviews will provide more information on

the results of technology adoption and impacts on the firm.
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4. Methodology

The study is based on a mixed methods approach, combining both quantitative and qualitative
data. The main data source is the 2007 Survey of Advanced Technology designed and
administered by Statistics Canada. The survey results are supplemented by a qualitative study of
two forest sector firms, which received IFIT funding in order to adopt advanced technology. The
qualitative data was collected through semi-structured interviews with two forest sector firm
managers who were involved in the adoption of advanced technology. Qualitative data will help
us uncover any factors influencing the technology adoption process which may not have been
addressed in the survey. It will also help us understand what occurs at the firm level during the
technology adoption process, particularly how IFIT financing can benefit Canadian forest sector

firms.
4.1 The Survey of Advanced Technology

The Survey of Advanced Technology is a part of the research efforts to create better measures of
innovation (Statistics Canada, 2008). Statistics Canada has been at the forefront of developing
comprehensive innovation surveys. The scale and magnitude of the 2007 Survey of Advanced
Technology make it one of a kind when it comes to the study of advanced technology use and
innovation in manufacturing in Canada. Statistics Canada has developed some of the most
sophisticated and large scale surveys of innovation in the world. The data analysis will draw on
research papers based on previous Statistics Canada surveys of innovation and advanced
manufacturing technology (Baldwin, 1999; Baldwin and Lin, 2002; Sabourin, 2001; Schaan and
Anderson, 2002). Studies on innovation and advanced technology adoption in the manufacturing
sector conducted in other countries, such as Australia and New Zealand (Schroeder and Sohal,
1999), Singapore (Co et al., 1998), the US (Beede and Young, 1995) or the CIS in Europe
(Huang et al., 2010), can also provide some guidance in data analysis.

The 2007 Survey of Advanced Technology was developed in partnership with many
governmental institutions, such as Industry Canada and Natural Resources Canada (NRCan), as
well as industry experts and researchers from universities. The final version of the questionnaire
was developed based on the results of cognitive testing carried out with potential respondents
(Statistics Canada, 2008).
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The target population of the survey consists of all business units in the manufacturing sector and
logging with at least 20 employees and revenues of at least $250,000 in order to minimize the
response burden (Statistics Canada, 2008). The sampling unit was a single establishment. Data
were collected directly from respondents through questionnaires in paper format. A copy of the

survey questionnaire is attached in Appendix | on P. 102 of this document.

The survey sample was taken from the 2007 Business Register, which included a population of
16,590 manufacturing firms and 622 business units in the logging industry (Statistics Canada,
2008). A total of 9,814 firms fit the sampling criteria, which represents 57.9% of the population.
The manufacturing sector was stratified into 49 different industries based on consultation with

survey stakeholders. The logging industry was stratified by province and establishment size.

Data for this survey was collected between August 24" 2007 and March 31 2008. The data
covered a 3-year period. Response to the survey was mandatory. From a sample of 9,441, a total
of 6,733 questionnaires were completed, resulting in a 72.8% response rate (Statistics Canada,
2008). The response rate was very high compared to similar surveys conducted in other
countries, such as the CIS survey, which achieves a response rate of about 50% (Gov.uk, 2012).
Many surveys are voluntary in nature, whereas the Survey of Advanced Technology Use is
required by Canadian law, which may contribute to the relatively high response rate.

The forest industry sub-sectors surveyed include wood product manufacturing (NAICS 321),
which is further classified into sawmills and wood preservation (NAICS 3211), veneer, plywood
and engineered wood product manufacturing (NAICS 3212) and other wood product
manufacturing (3219); and paper manufacturing (NAICS 322), including pulp, paper and
paperboard mills (NAICS 3221) and converted paperboard manufacturing (NAICS 3222). The
forest sector and associated manufacturing industries “were sampled with greater industry detail
and with greater intensity with the expectation of reliable estimates at the provincial/territorial
level” (Statistics Canada, 2008, para.18). The forest sector was very well represented in the
survey, with a coverage of 76.3% of the total population (Appendix Il Table 1A, P.128). A total
of 1,003 wood product manufacturing establishments and 419 establishments from paper
manufacturing were surveyed. The survey also covered the entire population of the logging
industry (NAICS 1133), all 373 logging firms were part of the survey sample. Representative
samples, such as these, provide reliable data from which to conduct analysis. The forest sector,
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combined with the logging industry, will be compared to a high-tech manufacturing industry, the
information and communication technology (ICT) manufacturing sector (NAICS 3333,
3341, 33421, 33422, 3343, 3344, 3345 and 335920). This comparison will help us identify the
differences between high-tech sectors, such as ICT, and sectors that are considered to be low-
tech, such as the forest sector. The findings can also reveal where the forest sector may be

lagging behind high-tech sectors and what it can do to improve.

The survey is divided into four sections. Section A is on advanced technologies, the type and
number of technology used, the results of adoption and the obstacles to adoption. The
questionnaire lists 39 advanced technologies in six different technology groupings (Found in
Appendix |, P.102-111). Section B focuses on “advanced practices,” such as the business and
design practices within the firm. The following section, Section C, features questions on the use
of emerging technologies, which include geomatics/geospatial technologies, biotechnologies and
nanotechnologies. Questions about innovation and R&D are listed in the final section, Section D,

of the survey.

The survey data was obtained through a partnership with the Canadian Forest Service (CFS).
CFS has been involved in innovation research since 1999 and assisted in the development of the
2007 Survey of Advanced Technology Use in Manufacturing. As a result of CFS’s significant
financial investment in the survey, the forest sector is the only sector in Canada’s natural
resource sector to have all of its activities covered as well as the only manufacturing sector to
have all of its sub and sub-sub sectors covered in detail. The survey results produced over 3,000
Excel tables. In order to analyze such an extensive amount of data, Statistics Canada developed
an analytical tool called Template for Analysis. The tool allows for a large volume of data to be
measured against two mutually exclusive domains, such as adopters vs. non-adopters, as well as
provides a reliability test and significance test against the compared data. The symbol convention
used to report the reliability of the data is presented in Appendix Il, Table 2A on P.128 of this
document. The majority of the data used in this study is classified as level “A” or “B,” deeming
it “very reliable” or “reliable”. Class “A” data has a coefficient of variation of <5.0% and a
standard error of < 2.5% (Statistics Canada, 2008). This type of data is reliable and can be used

to inform policy decisions.
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4.2 Qualitative Methodology

As a follow up to the 2007 Survey of Advanced Technology, a qualitative study was conducted to
provide new data and more insight into the adoption of advanced technology in forest sector
firms by looking at some of the most innovative firms in the sector. Two firms, a sawmill and a
pulp mill, which received funding from the IFIT program, were contacted for telephone
interviews. The IFIT program covers up to 50% of the costs for forest sector firms’ adoption of
innovative technologies (including capital expenses, training, travel, overhead costs etc.). In
2010 the project received 107 applications, of which 14 projects were funded, and eight of these
were world-first technologies (Natural Resources Canada, 2014). Although these firms are not
representative of the forest sector as a whole, they are at the forefront of advanced technology
adoption and can help us understand how leading-edge technologies are implemented in
Canadian forest sector firms. Learning from other adopters has been found to be an important
factor influencing technology adoption, which suggests that firms such as those involved in the

IFIT program can act as an example to other firms in the forest sector (VVan Biesebroeck, 2007).

Using interviews for data collection, allowed us to ask more in depth questions about the
technology adoption processes and also provided us with up-to-date data about technology
adoption within forest sector firms. Purposeful and convenience sampling was used to identify
managers of Canadian forestry firms (Miles and Huberman, 1994). The sample of interviewees
was limited to managers that were involved in the technology adoption process. The interviewees
had to have a good understanding of why the technology was adopted and what the outcomes of
the adoption were. Contact details for the interviewees were obtained through Natural Resources
Canada. Both interviewees were from firms which obtained funding from the IFIT program.
Their firms received the IFIT funding in order to introduce innovative technologies; this made
them good candidates for the study.

The unit of analysis for the qualitative study was not just the firm itself, but it was bounded to the
installation of a particular technology (Yin, 2009). The interviewees were therefore asked to
focus on just one technology. A firm may have adopted more than one technology in the past,
but for the purpose of these interviews the interviewees spoke about projects sponsored by the
IFIT program.
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Data was collected through semi-structured interviews, based on an interview protocol informed
by the literature. Sequencing of questions was chronological; the interviews were divided into
three sections pre-installation, installation and commissioning, and post-commissioning. The
interviews were conducted over the telephone, as the interviewees were located on the west coast
of Canada and it was not possible to meet with them in person. Names of the interviewees and
firms were removed from the transcript, in order to protect the confidentiality of the interviewees

pseudonyms were used.

The interviews were recorded using a digital recorder, there was a back-up copy of the interview
in case one was distorted or accidentally deleted. Following the interviews, a contact summary
form was written up, which captures some of the key points arising from each interview. The
interviews were then transcribed and coded manually to identify common themes. Once the
coding was completed, the main issues arising from each interview were identified in order to
find the common themes that transcend the cases for a cross-case analysis (Creswell, 2013; Yin,
2009).

4.3 Qualitative Data Analysis Process

The data analysis process was iterative and involved going back and forth between the transcript,
literature and code list, in order to identify the emergent themes. The interviews were coded
manually, by coding lines or paragraphs to make sure the quotes did not lose their context.
Coding was based on research guestions, the conceptual framework, the literature, as well as the

emergent themes in the data.

Some preliminary codes were based on the literature. One of the themes emphasized in the
literature was the involvement of human capital in the adoption process. Many authors highlight
the importance of employee training and skill upgrading (Voss, 1988; Co et al., 1998; Baldwin,
1999). The literature indicated that training would be influential in the success of advanced
technology adoption; therefore led to the creation the code “Employee Training and

Involvement.”

The code “High Performance Orientation,” also emerged from the literature. Voss (1988)

emphasized that efficiency seeking did not occur only prior to the installation, but also in the
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post-commissioning phase. The installation of the technology motivates firms to improve their
performance even further. The theme relates to the firm’s high performance orientation AFTER

the technology was adopted, NOT before.

After developing the preliminary list of codes, the interview transcript for interview #1 was used
to conduct the first round of coding. The initial round of coding was grounded in the data
(Charmaz, 2006). In Vivo codes were used, which means that the names for the descriptive codes
came from the words of the interviewee (Creswell, 2013). When the interviewee said: “That was
probably one of the biggest challenges, just going through the negotiations of the power
contract,” the descriptive code attached to this quote was “contract negotiations were a
challenge.” The descriptive codes also suggested some important leads to pursue (Charmaz,
2006). For example, the “struggle to find qualified trades people” is not something that emerged
from the literature. It is specific to the economic climate in Canada and is an important issue

faced by Canadian forest sector firms.

After the second interview, a round of descriptive coding and inferential coding was conducted
for interview #2, to see if any new themes emerge. The code list from interview #1 was used to
see if these codes also fit with the second interview. Then interview #1 was re-coded based on
the new codes from interview #2. The code list was then revised to include the new inferential
codes. The frequency with which certain topics came up gave some indication of their
importance to the topic of advanced technology adoption. For example, the themes of “Employee

Training and Involvement” and “Employee Pride” reoccurred throughout the interviews.

The table of themes below is organized in chronological order to describe the step-by-step
process of advanced technology adoption, starting from the decision to adopt a new technology
to the outcomes of technology adoption. The table is based on the conceptual framework
developed by Voss (1988), Figure 6 P.41 of this document. The themes have been divided into
the three different phases of advanced technology adoption as suggested by Voss: pre-
installation, installation and commissioning and post-commissioning. The themes reflect the
factors that influence the success of advanced technology adoption. The description for each
code and example quotes can be found in the revised code list (Appendix 111, P.129).
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Figure 7: Advanced Technology Adoption in the Forest Sector - Emergent Themes

Pre-installation Installation and Commissioning | Post-Commissioning
Need Identification Challenges: Regulations High Performance

Challenges: Financing Orientation
Technology Background Challenges: Lack of qualified

personnel

Goals Enablers: Financing Improved Profile

Enablers: Support from

institutions

Top management support Diversification Employee Pride

Employee Training and
Involvement

Source: Developed based on interview data

One of the main goals of policy makers is identifying challenges faced by forestry firms in
adopting advanced technology, in order to inform policy decisions. Identifying the challenges
helps policy makers decide how to assist firms financially or with the permitting process.
Therefore, it was important to include these themes in the analysis. A pattern code representing
the challenges faced by forestry firms was created and split into “Regulations,” “Financing,” and
“Lack of qualified personnel.” Based on the descriptive codes, it was found that these were the
most common challenges for forestry firms when adopting new technology. When coding the
second interview, the challenges of financing and a lack of qualified personnel also arose,
therefore they were also included in the framework.

The following sections of the thesis provide an analysis of the findings. The survey data, in the
form of graphs, and interviews are generally analysed in Section 5: Data Analysis. The results
are explored in terms of implications and consequences for firm performance and government
policy in Section 6. Tables with survey data are found in Appendix IV on P.132 for additional

information.
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5. Data Analysis

5.1 Survey Results

The following section presents the results of the 2007 Survey of Advanced Technology. The
results are displayed in tables developed with the use of the Template for Analysis. The template
allowed for the comparison of two mutually exclusive domains, including Technology Adopters
vs. Non-Adopters and Innovators vs. Non-Innovators. A comparison between the forest sector,
ICT manufacturing sector and manufacturing sector average is made. The differences between
the forest sector sub-sectors are also presented.

5.1.1 Capital Investment on Advanced Technology

The survey respondents were asked to specify what percentage of their total investment in capital
and machinery, during the years 2005 to 2007, was spent on advanced technologies. They were
provided with eight investment categories, the division of which can be seen in Table 1.

Table 1: Percentage of Capital Investment Spent on Advanced Technology

Percentage of Capital Investment Spent on AT

Percentage of firms
50.0

45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

0.0

0% 1%to 5% 6%to10% 11%to15% 16%to25% 26%to50% 51%to75% 76%to 100%

W Logging Adopter W Wood Product Adopter B Paper Adopter

M Forest Sector Adopter M ICT sectors Adopter

Source: Statistics Canada (2008)

A quarter of the forest sector technology adopters did not invest in advanced technology at all
during this time period. This number is driven by the 45.5% of logging firms, which did not
invest in advanced technology adoption. In contrast, only 10.9% of ICT manufacturers reported a

0% investment in AT. Very few plants spent more on advanced technologies than they did on
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conventional technology. Only 6.9% of forest sector technology users invested more than 50% of
their capital spending into AT, while 16% of ICT manufacturers had more than a 50%
investment in advanced technology. Over 30% of firms in the forest sector and in ICT
manufacturing spend between 1-5% of their capital investment on ICT.

5.1.2 Research and Development
Research and Development (R&D) is considered to be an important input into innovation. The
survey provides information on the percentage of firms involved in R&D activities and the type

of R&D they are conducting.

Table 2: Percentage of Business Units Involved in R&D activities

Percentage of Business Units Involved in R&D activities
(2005 - 2007)

Percentage of firms
100.0

90.0

B0.O

70.0

&0.0
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30.0

20,0 I

10.0

[ o

AT user AT nor- AT user AT nor- AT user AT nor- AT user AT nor- AT user AT nor-
user user user user user

Logging Wood Paper Forest Sector ICT manufacturing
Source: Statistics Canada (2008)

According to the survey data, over half of forest sector AT users (58.4%) are involved in some
type of R&D activity. However, there are great differences in R&D activity between the different
forest sector sub-sectors. Almost three quarters of paper AT users are involved in R&D
compared to 55% of wood AT users and only 23% of logging AT users. In comparison, 86.8%
ICT AT users engage in R&D. The level of R&D activity for ICT AT non-users is also quite
high, with over half of them being involved in R&D.

Across all sectors, there is a higher rate of involvement in R&D activity for AT users than there

is for AT non-users.
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Table 3: Type of R&D activities Business Units were involved in

Percentage of firms

Type of R&D activities Business Units were involved in (2005 - 2007)

90.0
BO.D
70.0
60O
50.0
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30.0
200 I
wo ] . | .l Ial
0.0 |l [ « 100 - ol i ha 010 ] = Esfl L s B0 N Hn
RE&D actiities R&D performed onthe RE&D performed by  Development of new R&D performed jointly Contracting out R&D
perfor med by the behalf by other other businessunits  products’proceses  with other business  services performed by
business unit business units/ R& D that are part of the using cperating unic(s) that are not other firmsor by
laborator ies that are larger firm personnel inthe part of the firm research organizaions
part of the lrger frm business unit
m Logging AT user Logging AT non-user m Wood AT user
B Wood AT non-user B Paper AT user Paper AT non-user
m Forest Sector AT user m Forest Sector AT non-user m ICT manufacturing AT user

B ICT manufacturing AT non-user

Source: Statistics Canada (2008)

Firms can either conduct R&D in-house, in collaboration with others or contract it out to other

firms or research organizations.

The survey results indicate that the preferred method of R&D is performing it in-house. About
80% of ICT AT users and 42.2% of forest sector AT users perform within their business unit.
Firms which did not adopt advanced technologies are much less likely to perform R&D in-house.
The second most popular method of R&D is developing new products and processes using
operating personnel in the business unit. However, wood AT users and paper AT users engage in
this type of R&D more frequently than logging firms. Very few firms in the forest sector perform
joint R&D activities with other firms or contract out the R&D to others, only AT users are likely
to do this.

5.1.3 Type and Amount of Technology Adopted

The survey addresses whether firms in the forest sector are using advanced technology and how
many technologies they are using. The survey results, based on the three sub-sectors as well as
the averages for the forest sector and ICT manufacturing sector are presented in Tables 4 and 5
below. A list of technology groupings used in the 2007 Survey of Advanced Technology can be
found in Appendix | on P.102.
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Table 4: Type of Advanced Technology Adopted (by Technology Grouping)

Type of Advanced Technology Adopted

Percentage of firms
100.0

80.0
70,0
60.0
50.0
40.0
30.0
20,0
10.0

0.0

Design, Processing, Inspection  Communications Automated Integration and
engineering and fabrication and Material Control
virtual assembly Handling
manufacturing

m Logging Adopter m Wood Adopter mPaper Adopter mForest Sector Adopter m ICT Adopter

Source: Statistics Canada (2008)

The graph represents the population of firms which have adopted advanced technologies. The
figures denote the proportion of advanced technology users adopting a specific technology
grouping, not the percentage of the entire forest sector population.

There is variation within the forest sector when it comes to the type of technology adopted. Paper
and wood product firms adopt more technology than logging firms. The wood products sector is
almost on par with the ICT sector in the adoption of processing, fabrication and assembly
technology, with 52.5% of wood producers and 57% ICT manufacturers adopting these
technologies.

ICT firms are much more likely to adopt design, engineering and virtual manufacturing (87.6%
of AT adopters); and processing, fabrication and assembly technologies than forest sector firms
(58.1%). However, when it comes to the adoption of inspection technologies, the forest sector
(29.5% adopters) is not far behind the ICT manufacturing sector (31.2% adopters).

Paper sector firms tend to have the highest technology adoption rates out of all the forest sector
sub-sectors; 41.9% of Paper AMT adopters have adopted inspection technologies. A greater
percentage of firms in the paper sector adopted automated material handling and integration and
control technologies than ICT firms.
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Communication technologies are the most widely adopted advanced technologies, by 94.3% of
forest sector adopters and 98.2% of ICT technology adopters. Other than communications
technologies, the most widely adopted technology in the forest sector are computers used for
control on the plant floor (a type of integration and control technology), adopted by 46.5% of
forest sector technology users. Computer Aided Manufacturing (CAM) and Computer Aided
Engineering (CAE), which is part of the design, engineering and virtual manufacturing

technology group, was adopted by 43.2% of forest sector technology users.

Table 5: Number of Technologies Adopted

Number of Technologies Adopted
Percentage of firms
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
1-4 5-9 10-14 15-20 20+
M Logging Adopter B Wood Product Adopter B Paper Adopter
M Forest Sector Adopter BICT Adopter

Source: Statistics Canada (2008)

Overall, 66.2% of forest sector firms have adopted at least 5 of the technologies listed. Only
5.5% of forest sector technology adopters adopted 20 or more technologies, while 8% of ICT
manufacturers adopted that amount. The average number of technologies adopted in the forest
sector is 8.4, compared to an average of 10.8 advanced technologies adopted by the ICT sector.
The three sub-sectors vary in technology adoption, logging firms adopt 4.5 AMTSs on average,

while wood product firms adopt 8.6 and paper firm adopt 10.3 advanced technologies.

The survey results indicate that paper and wood producers are not far behind ICT manufacturing
in the incidence of technology adoption, however logging firms do not adopt as many advanced

technologies.
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5.1.4 Business Management Practices

Certain business practices and techniques are often associated with the use of advanced
manufacturing technology. The graph below demonstrates the use of business practices by the
forest sector sub-sectors and ICT manufacturing firms. The most commonly used business
practices in the forest sector are quality management and manufacturing and control
management. A Sustainable Development Strategy (or Environmental Stewardship Strategy)
refers to “a strategy or plan to produce goods, function and grow while working within the
means of their environment and resources and not deplete them to a point where they will sustain

negative growth” (Statistics Canada, 2008b, P.17).

Table 6: Business Practices

Business Practices

Percentage of firms
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B ICT sectors AT user B ICT sectors AT non-user

Source: Statistics Canada (2008)

On average, ICT manufacturing AT users are more likely to use these business practices than
forest sector AT users. However, paper AT users have a higher usage rate of manufacturing and
control management practices than ICT and follow closely behind on the use of quality
management and supply chain logistics. The most commonly adopted type of business practice
for forest sector firms is continuous improvement, under the quality management category,

which is implemented by 43.7% of forest sector AT users and 12.1% of non-users.

The survey findings indicate that advanced business practices are used much more frequently by

AT users than by AT non-users across all sectors. ICT manufacturing firm that did not adopt
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advanced technology are more likely to use these business practices than forest sector AT non-
users. For example, 58.6% of forest sector AT users use supply chain and logistics management
practices, while only 8.6% of non-users do, and 80.7% of ICT AT users implement this business
practice compared with 43.6% ICT AT non-users.

Forest sector firms are more likely to have a sustainable development strategy than ICT
manufacturers. However, only technology adopters in the forest sector are likely to implement a

sustainable development strategy, not non-adopters.

5.1.5 Training

The adoption of advanced technology will often result in a change in skill requirements for the
firm’s employees. If the current employees do not possess the skills required to operate and
maintain the new technology, firms will have to compensate for the skill shortage by hiring new

employees or training their existing ones.

Table 7: Business Units Providing Training as a Result of Adoption

Business Units Providing Training as a
Result of Adoption

Percentage of firms
80.0

70.0
60.0

50.0
40.0
30.0
20.0 A
10.0
0.0

AT user | ATuser | AT user | ATuser | AT user W ICT sectors AT user

M Logging AT user

W '\Wood AT user

W Paper AT user

M Forest Sector AT user

Logging | Wood Paper Forest ICT
Sector | sectors

Source: Statistics Canada (2008)

Over half (58.2%) of the forest sector firms which adopted advanced technology provided
training to their employees as a result of the adoption. Of those forest sector firms providing
training post-adoption, firms in the paper sub-sector were the most likely to provide training

(62.2%), while logging firms were the least likely (47.5%). ICT manufacturing firms rank
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highest in providing training as a result of adoption, with almost 70% of all ICT AT adopters

providing training.

Table 8: Type of Training Provided Post Adoption

Type of Training Provided Post Adoption
(Forest Sector)

Percentage of firms
100.0

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0
Acquisition of  Computer  Technical skills Quality control  Safety skills  Business skills  Management Team building
fundamental literacy and skills skills
competencies improvement
skills

M Logging AT user M Wood AT user W Paper AT user M Forest Sector AT user MICT sectors AT user

Source: Statistics Canada (2008)

The most common type of training provided by firms in both the forest sector and ICT
manufacturing as a result of technology adoption are technical skills. The majority of firms,
81.8% of forest sector adopters and 87.3% of ICT adopters, provide training in technical skills.
Over half of forest sector firms also provide training in safety skills, quality control and

improvement and computer literacy post adoption.

These types of skills may be more relevant to the adoption of advanced technology than business
skills or management skills, as technical skills and safety are necessary for operating new
machinery. Business skills appear to be more important for ICT firms than forest sector firms.
On the other hand, forest sector firms, particularly those in logging, are more likely to provide
training in safety skills and team building skills than ICT firms.
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5.1.6 Obstacles to Adoption

Firms are likely to face a variety of challenges when adopting a new technology. These obstacles
represent the factors that slowed down or caused problems to the firm during the process of
advanced technology adoption. In this survey, the obstacles were divided into four categories:
lack of financial justification, human resources, organizational and external support services. A
detailed list of the obstacles can be found in Appendix IV, Table 10A on P.137.

Table 9: Obstacles to Advanced Technology Adoption

Forest Sector Obstacles to AMT
Adoption

Percentage of firms
100.0
90.0
80.0
70.0

Lack of financial Human Organizational External Other
justification Resources Support
Services

W Logging Adopter M WoodAdopter mPaper Adopter M Forest Sector Adopter

Source: Statistics Canada (2008)

On average, forest sector firms reported to face 16 obstacles when adopting an advanced
technology and 91.3% of forest sector firms face at least 5 obstacles to adoption. However, the
majority of these were not of high importance. The most significant obstacle faced by forest
sector firms was the lack of financial justification; 93% of forest sector firms reported to have
encountered some type of financial constraints to advanced technology adoption. The breakdown
of the “lack of financial justification” category is presented in Table 10 below. Human resource
obstacles were not as widespread as financial ones, skill shortages posed a challenge to nearly
80% of forest sector firms, with 24.4% of technology adopters reporting this to be an obstacle of
high importance. Organizational challenges were also faced by over 80% of forest sector firms,
but ranked as lower importance than human resources. The majority of firms also dealt with
obstacles related to external support services, nearly 70% of firms felt there was a lack of

technical support services and 64% reported a lack of government support for training.
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Table 10: Obstacles to Advanced Technology Adoption: Lack of Financial Justification

Percentage of firms Obstacles to Adoption: Lack of Financial Justification
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B80.0
70.0
60.0
50.0
40.0
30.0
200
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size equipment capital flows software integration of return on
new technology investment [ ROI)

mlogging Adopter mWood Adopter  mPaper Adopter @ ForestSector Adopter  m ICT Adopter

Source: Statistics Canada (2008)

According to the survey results, the greatest obstacle in adopting advanced technology is the
high cost of equipment, faced by 88.8% of forest sector technology adopters. Over 90% of ICT
manufacturing firms also struggled with this issue. Not all of the forest sector sub-sectors report
the same obstacles. Logging sector adopters are the least likely to report financial obstacles to
technology adoption. Small market size and costs to develop software are more of an obstacle to
wood producers than paper manufacturers, on the other hand, paper technology adopters are
more likely to struggle with the cost of integration of new technology than the other sub-sectors.
ICT manufacturers are more likely to report obstacles to adoption relating to financial
justification than any of the forest sector sub-sectors, except when it comes to the cost of

training, which is more often an obstacle for forest sector firms than ICT firms.

5.1.7 Novelty of Product and Process Innovations

According to the OECD (2005) guidelines, the minimum requirement for an innovation is “new
to firm.” In the survey, an innovator is any firm that introduced an innovation during the period
under review; the innovation did not have to be a commercial success (OECD, 2005). “A product
innovation is the market introduction of a significantly improved good or service. A process
innovation is the implementation of a new or significantly improved production process,
distribution method or support activity for your good or services” (Statistics Canada, 2008Db,
P.21). On average, forest sector AMT adopters introduce more process innovations (48.0%) than
product innovations (40.8%). There are significant differences between technology adopters and
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non-adopters in the amount and novelty of innovations introduced across all manufacturing

sectors. Forest sector tech adopters introduce fewer world first innovations than the ICT sector.

Table 11: Novelty of Product Innovations introduced by Business Unit

Product Innovations

Percentage of firms

100.0
80.0
60.0
40.0
20.0
0.0
Only firm First Firstin Province or Firstin Canada but Firstin North World
Territory but not  not North America Americ but not in
firstin Canada the world
M Forest Sector AT user M Forest Sector AT non-user M All Manufacturing AT user
All Manufacturing AT non-user BICT sectors AT user ICT sectors AT non-user

Source: Statistics Canada (2008)
Statistically Significant: Forest Sector: Only Firm First, First in Canada, First in North America, World First;
Manufacturing: Only Firm First, First in North America, World First

The majority (80.0%) of ICT advanced tech users introduced product innovations, 37.7% of
these firms introduced world first product innovations. Fewer ICT manufacturers, 52.2%,
introduced significantly new or improved processes. The forest sector does not lag far behind on
the introduction of innovations. Forest sector tech adopters are slightly more focused on
introducing process innovations than product innovations. However, the percentage of world first
product innovations (4.4%) and world first process innovations (3.0%) introduced by forest
sector firms does not differ much.

! Data on the novelty of innovations by ICT manufacturing AT non-users was not available
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Table 12: Novelty of Process Innovations introduced by Business Unit

Process Innovation

Percentage of firms

100.0
80.0
60.0
40.0
20.0
0.0
Only firm First Firstin Province or Firstin Canada but Firstin North World
Territory but not  not North America America but not in
firstin Canada the world
M Forest Sector AT user M Forest Sector AT non-user W All Manufacturing AT user
All Manufacturing AT non-user BICT sectors AT user ICT sectors AT non-user

Source: Statistics Canada (2008)

Statistically Significant: Forest Sector: First in Province, First in Canada; Manufacturing: Only Firm First, First in
Province, First in North America, World First;

Although the graph may appear to show differences between AT users and non-users, not all of
the data presented in this graph is statistically significant. This demonstrates the importance and
value of using the Templates for Analysis — only by looking at the template data are we able to
understand what the data represents. Forest sector AT adopters do in fact introduce more first in
province/territory process innovations and first in Canada process innovations. Surprisingly, the
difference between forest sector AT users and non-users in developing first in North America
and World First innovations is not significant. Non-adopters do not introduce more World First
process innovations than adopters. If you consider the statistically significant data for the
manufacturing sector overall, AT adopters do introduce more First in North America and World

First process innovations than AT non-adopters.
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5.1.8 Outcomes of Advanced Technology Adoption

The surveyed firms were asked to report on the results of the technology adoption and to rate the
impacts of the effects they experienced from the advanced technologies they adopted (Statistics
Canada, 2008b). The results include improvement in productivity, product improvement,
business unit organization changes, business unit efficiencies, market performance and reduction
of environmental impacts. The tables below look at some of these in more detail. A breakdown

of the impacts is presented in Table 16A in Appendix IV, P.142.

Table 13: Outcomes of Advanced Technology Adoption: Improvement in Productivity

Improvement in Productivity

Percentage of firms
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Source: Statistics Canada (2008)

The majority of forest sector firms reported an improvement in productivity as an outcome of
advanced technology adoption. The most commonly experienced improvement in productivity
was a reduction in error/rejection rate, reported by 73.7% of forest sector firms. The figures for
the paper and wood tech adopters were significantly higher than those for the logging sub-sector,
where only about 40% of firms experienced a reduction in error/rejection rate. Reduced labour
requirements was the second most commonly experienced improvement in productivity, with
73.3% of forest sector firms reporting a reduction post adoption, followed by reduced cycle or
processing time reported by 73.1%. ICT adopters were more likely to experience reduced labour
requirements per unit of output after adopting advanced technology than forest sector firms,
however on average the forest sector achieved similar results when it comes to productivity

improvements.
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The adoption of advanced technology also led to business unit organizational changes within
forest sector firms; 69.6% of forest sector adopters reported increased flexibility, customization
and/or specialization as a result of adopting technology and 74% experienced an increase in skill

requirements.

Table 14: Outcomes of Advanced Technology Adoption: Product Improvement

Product Improvement

Percentage of firms
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When it comes to product improvements, ICT manufacturers are more likely (73.5%) to
introduce new product features and reduce the time to market after adopting an advanced
technology. However, more than three quarters of forest sector adopters experienced
improvements in product quality and improved satisfaction of client needs. As with the previous
table, logging firms were less likely to report product improvements than wood or paper
adopters, indicating that wood and paper adopters are more likely to benefit from advanced

technology than logging firms.
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Table 15: Outcomes of Advanced Technology Adoption: Market Performance

o . Market Performance
ercentage of firms
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Source: Statistics Canada (2008)

Improved market performance is crucial to firms if they want to remain competitive on both
local and global markets. Over 80% of forest sector adopters reported an improved ability to
keep up with competitors and 76.8% have increased their profitability post adoption. However,

less than 60% have experienced an increase in market share.

The majority (79.4%) of forest sector firms, particularly those in the paper sub-sector, have
increased their ability to respond to customer requirements as a result of adopting advanced
technology. Fewer forest sector adopters (58.1%) have experienced an improvement in their
ability to adapt to supplier capabilities.

Forest sector firms are significantly less likely (48.9%) to open new export markets than ICT
manufacturers (71.3%). In fact, less than 19% of logging firms reported to open new export
markets after adopting advanced technology.
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Table 16: Outcomes of Advanced Technology Adoption: Forest Sector and ICT
Manufacturing Innovators vs. Non-Innovators

Impacts of Adoption (Forest Sector and ICT)

Percentage of firms
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changes impacts
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Source: Statistics Canada (2008)

Since the survey does not provide any data on performance for non-adopters, we are comparing
innovators and non-innovators, all of which are also technology adopters, in order to determine
the impact of innovation on firm performance. Innovators are firms which introduced a product,

process, organizational or marketing innovation during the years 2005-2007.

Advanced technology adoption appears to have a positive impact on the majority of forest sector
firms. In terms of productivity, business unit efficiencies and reduction of environmental
impacts, an improvement is reported by more forest sector adopters, who also innovate, than ICT
innovators. It is apparent that firms which adopt technology, but do not innovate, are less likely
to report positive outcomes than innovative firms. There is a compounding effect between
advanced technology adoption and innovation, which leads to a greater likelihood of
experiencing positive impacts post adoption. According to the survey data, about 92% of forest
sector innovators reported to experience an improvement in productivity after adopting
technology (a greater increase than for ICT innovators), while only 57% of non-innovating forest
sector firms reported improvements in productivity. Forest sector innovators were also more

likely to experience a reduction in environmental impact post-adoption.
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Table 17: Outcomes of Advanced Technology Adoption: Forest Sector Sub-Sectors
Innovators vs. Non-Innovators

percentage of firms Impacts of Adoption (Forest Sub-Sectors)
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Source: Statistics Canada (2008)

By taking a closer look at the forest sector sub-sector we can identify clear differences in the
outcomes of adoption. Fewer logging firms realize benefits from technology adoption than firms
in the other sub-sectors. Over 90% of wood products and paper firms, which also innovate,
experience an improvement in productivity, while only 78% of logging innovators do. The
differences between non-innovators who adopt a technology are even greater. For example, when
it comes to product improvement, nearly 80% of logging innovators experience improvements
post-adoption, while only about 30% of non-innovators do. Out of all the sub-sectors, the paper
product firms, which engage in innovation, are the most likely to benefit from technology
adoption and improve their performance, except in productivity, where wood innovators perform

slightly better.

5.1.9 Exports

In recent years, the forest sector’s contribution to Canada’s trade balance has dropped
significantly, from $35 billion in 2004 to $16.6 billion in 2010. Since Canada is one of the
world’s largest forest product exporters, looking at the difference in percentage of revenue from
sales to different countries between advanced technology users and non-users could provide

some insight into this problem.
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Table 18: Percentage of Revenue from Sales to Different Countries

Percentage of Revenues from Sales to Different Countries
Percentage of total revenue

100.0

80.0
60.0
40.0
- [l Lil.1.]
In province or terricory In the rest of Canada United States Rest of the World
W Logging AT user Logging AT non-user mWood AT user m Wood AT non-user
W Paper AT user Paper AT non-user B Forest Sector AT user W Forest Sector AT non-user
W ICT sectors AT user W ICT sectors AT non-user

Source: Statistics Canada (2008)

According to the survey findings, AT-non-users are a lot less likely to generate sales outside of
their province or territory. Overall, in the forest sector, over 80% of the non-users sales revenue
comes from within the province. On the other hand, for AT users it is just 56.1% sold within the
province; 13.7% of Forest Sector AT users’ revenue comes from sales to the rest of Canada and
over 25% from sales to the US. In contrast, almost 40% of ICT AT users’ revenue comes from
sales to the US. ICT manufacturing firms are most likely to sell their products outside of North
America; 18.9% to the Rest of the World, with 8.7% of that being to Europe.

Out of all the forest sector sub-sub sectors, logging firms, particularly the AT non-users, are least
likely to sell their products outside of the province. Only 11% of their revenue comes from sales
to the US. Sales to the US account for over 25% of revenue for paper and wood product AT
users, for non-users it is less than 15%. Sales to Europe for the forest sector on average represent
less than 2% of the total revenue (detailed figures can be found in Appendix IV, Table 19A,
P.144).

5.2 Qualitative Study Results

The interviews conducted with two forest sector firm managers were used to supplement the data
from the 2007 Survey of Advanced Technology and allowed us to expand on the questions

addressed in the survey. The interviews provide us with information that is specific to the forest
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sector and its sub-sectors, as the questions were tailored to the industry, rather than the
manufacturing sector as a whole. This resulted in the generation of new themes, which were not
observed in the literature or survey data. The interviews enabled us to study the sector within the

current economic climate and evaluate the firms’ experience with the IFIT program.

The case comparison in Table 19 below summarizes the two interviews and presents the

differences and similarities between them.

I Firm X
[i6cation™ " British Columbia
ITypeoffirm S sawmill

ISector I Wood

Organic Rankine Cycle Turbo
generator

To turn heat waste into green
energy

Italy

[innovation'Novelty™ First in North America
IFURding Sotirces ™ IFIT and BC hydro

Employees taken to Italy to see
the technology in use and also
received on-site training

Need for external financing
Regulations

Lack of skilled labour

Financial support from IFIT and
BC hydro

Administrative support from IFIT
Employee involvement
Increasing energy costs, firm had
to adapt to this

Not for this project

Creation of a new company
New revenue stream for the firm
Surpassed goals in 3 days
Improved efficiency

Improved industry profile
Employees take pride in
technology

Producing their own power to
combat high energy costs

Source: Interview data

FirmyY

Alberta

Pulp mill

Paper

Methanol distillation

To produce commercial grade methanol
(bio-fuel)

Vancouver, British Columbia

World First

IFIT and Alberta government

Training conducted in phases on-site for
all employees handling the technology

Need for external financing

Lack of skilled labour (Delay in
engineering)

Financial support from IFIT and Alberta
government

Administrative support from IFIT
Employee involvement

Fall in demand for paper products, firm
has to diversify

FPInnovations

New revenue stream for the firm

Have not yet achieved their goals, expect
to by the end of the year

Supply local businesses with commercial
grade methanol



The interview findings support as well as expand on the survey results. The survey does not
address the question of why firms choose to adopt a particular technology or the goals of the
adoption. The interview data indicates that these forest sector firms are engaged in a process of
continuous improvement which was part of their corporate strategy. The firms were constantly
seeking ways to develop their business practices by improving efficiency and performance. The
goal of these firms was to become more sustainable, diversifying into new areas by producing
green energy. Waste reduction was an important factor in their adoption decision. The decision
was also influenced by the economic climate. The sawmill was facing increasing energy costs
and had to find a long term solution for this problem, while the pulp mill was experiencing a

decrease in demand for paper products and needed to diversify its production.

During the adoption process, the influence of top management played an important role in
guiding and motivating employees. They emphasized the importance of the transformation to
their employees and provided training for them. However, a lack of skilled labour was one of the
major obstacles faced by the adopting firms. In one case, a shortage of engineers caused a delay
in the adoption of the technology. This was found to be a common problem in the region, as
many engineers have left the forest sector to find employment in the oil industry. The firms also
faced regulatory challenges. The adoption process was made more complicated by the
bureaucracy and regulations in place, which are specific to each forestry sub-sector. In
accordance with the survey findings, the qualitative study indicates that financial justification is
an obstacle to adoption. Both interviewees stated that without the support of IFIT and the
provincial governments, it would have been difficult for them to finance the new technology and

they may not have been able to proceed with the technology adoption without it.

The outcomes of adoption varied by firm. The advanced technology adopted by the sawmill
improved the firm’s efficiency within the production process and the firm was able to surpass its
goals within three days. On the other hand, seven months after the technology was installed, the
pulp mill was not seeing the results, in terms of the volume and quality of methanol produced,
that it expected. The technology adoption did however result in other positive outcomes, which
are more difficult to quantify and were not addressed in the survey. Namely, in the sawmill, the
technology increased employee motivation and pride. The employees were proud to be using a

new technology which improved the firm’s productivity and environmental sustainability. In
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addition to this, other firms are now looking to this firm as an example of a successful
technology adoption and implementation, which has improved the firm’s profile within the
industry. The sawmill is perceived to be a technology leader providing both social benefits and
value added to the economy by turning waste into green energy.

A detailed discussion of the qualitative results follows in Section 6.2 Qualitative Study Findings

on P.87 of this report.
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6. Discussion

6.1 Advanced Technology Survey Findings

6.1.1 Investment in Technology

The level of investment in advanced technology as a percentage of total investment in machinery
and equipment provides a measure of the intensity of advanced technology use. This measure is
an indication of “the relative importance of advanced technology to more conventional
technology” (Sabourin and Beckstead, 1999, P. 38).

According to the survey data, the level of advanced technology investment as a percentage of
total capital expenditure is relatively low. Nearly half of all logging firms do not invest in
advanced technology at all, indicating that firms in this sector are more likely to invest in
conventional technology than advanced technology (Sabourin and Beckstead, 1999). This may
be due to the greater risks involved in adopting technology that has not yet been proven on the
market; the logging sector is generally risk-adverse. Out of all the forest sector sub-sectors, paper
manufacturers are more likely to invest a greater proportion of their capital investment into
advanced technology. If transformation of the forest sector depends on the adoption of advanced
technology, firms will have to begin to shift their investments towards advanced technology
rather than conventional technology. Programs such as IFIT, which was renewed in February
2014, can help firms finance advanced technology, if they are unable to finance the project

themselves (Natural Resources Canada, 2014).

6.1.2 R&D

The survey findings contradict the literature about LMT firms, which suggests that these firms
do not have the internal capabilities to conduct R&D (Heidenreich, 2009, Spithoven et al., 2010).
According to the data, the majority of wood product and paper firms are involved in some type
of R&D. Advanced technology users are much more likely to engage in R&D activities than
non-users. Out of the forest sector firms which are involved in R&D, most of them conduct R&D

in-house rather than outsourcing it to other firms.

Nearly three quarters of paper technology adopters conduct R&D, about 60% of these firms

conduct R&D within their firm and only 10% outsource their R&D. This suggests that forest
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sector firms, particularly those in the paper industry, are not as dependent on external sources of
knowledge as they are perceived to be. LMT firms are believed to rely predominantly on external
sources, consultants or collaborate research centres for R&D (Santamaria et al., 2009; Spithoven
et al., 2010). However, the survey findings indicate that forest sector firms are mostly likely to
perform their R&D activities within the business unit. They are less likely than ICT firms to
perform joint R&D projects or contract R&D to other firms or research organizations.
Considering that forest sector firms have access to FPInnovations, the world’s largest public-
private partnership in forest research and development, it is surprising that less than 30% of
forest sector technology adopters engage in R&D through research institutions (Benoit, 2008).
There is a link between advanced technology adoption and the outsourcing of R&D, as forest
sector firms which do not use any advanced technologies also did not outsource their R&D, only
technology adopters did. Forest sector firms could benefit from collaborating with

FPInnovations, especially in the area of advanced technology adoption.

Although the majority of forest sector firms are involved in R&D, their share of R&D in relation
to their turnover may be low, which is why they are classified as low-tech. This is not only a
problem within the forest sector, but in Canada overall, as we lag behind the OECD average on
investment in R&D. R&D is considered to be a risky activity, therefore many small firms, such
as those in the logging sector, may not be willing to make the investment. Outsourcing R&D or

collaborating with other firms could be beneficial to them.

6.1.3 Type of Advanced Technology Adopted

When it comes to incidence and intensity of technology, paper and wood product firms adopt
more advanced technology than logging firms. The survey results indicate that there is variation
within the forest sector when it comes to the type of technology adopted. Paper and wood
product firms adopt more technology than logging firms, particularly design and processing
technologies. When comparing the forest sector to the ICT sector, ICT firms are much more
likely to adopt design, engineering and virtual manufacturing; and processing, fabrication and
assembly technologies than forest sector firms as a whole. However, the forest sector is not far

behind ICT sector in adoption of inspection and communications technologies.
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Analysis at the individual sub-sector level reveals that the wood products sector is on par with
the ICT sector in the adoption of processing, fabrication and assembly technology. In addition, a
greater percentage of firms in the paper sector adopt inspection, automated material handling and
integration and control technologies than ICT firms. Paper and wood are not far behind ICT, but

logging firms do not adopt as many advanced technologies.

The data only provide information about the technology in use for more than two years or less
than two years, but with the Template for Analysis, we are not able to discern the effect of the
length of time used on productivity. Technological change is cumulative, which means past
knowledge and adoption will influence future technology adoptions (Cohen and Levinthal,
1990). If these firms have adopted many similar technologies in the past, the adoption is more

likely to be successful, because of the knowledge they have accumulated over time.

However, there is no inherent value in the technology itself (Chesbrough, 2006). There is no
evidence to suggest that the more technologies a firm adopts, the greater the improvement in
productivity will be. What is more important, is the firm’s ability to assimilate the technology
into its production process. This is why it is necessary for firms to develop strong absorptive
capacities. The firm must have employees with adequate skills in place as well as adapt its
organizational structure and culture to the new technology, otherwise it is unlikely to reap the
full benefits of the technology adoption. We cannot understand technological change within the
forest sector based on the adoption rates alone, there are many other factors influencing the
process and they will be discussed in the upcoming sections.

6.1.4 Business Management Practices

The business practices addressed in the survey include: product development; manufacturing and
control management; quality management (including lean); supply chain/logistics and
sustainable development strategy (Appendix I, P.117). Advanced technology users across all
sectors are more likely to use advanced business practices than non-users. Previous studies have
found that advanced business practices can provide more successful plants with a comparative
advantage (Gordon and Wiseman, 1995). These business management practices may be a
necessary component to successfully managing the advanced technology. However, it is not clear

from the survey data whether the firms were using these business management practices before
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they adopted the technology, or found it necessary to use these practices as a result of adopting
advanced technology. This question could be addressed in future interviews with technology
adopters. The two firms interviewed introduced Canada or World-first innovations and indicated

that they are also involved in advanced business practices, particularly continuous improvement.

There are significant differences between technology adopters and non-adopters even within the
forest sector when it comes to the use of advanced business practices. The aggregate figure for
the forest sector does not provide an accurate representation of the sub-sectors. The paper sector
is much more likely to adopt advanced business practices than the logging sector. The wood
products sector also lags behind paper on most business practices. In addition to this, for
manufacturing control management, advanced tech users in the paper sub-sector are more likely

to use these practices than advanced tech users in the ICT sector.

When looking at the group of firms that have not adopted technology, AT non-users in the forest
sector are less likely to use any business management practices than AT non-users from other
manufacturing sectors, and they lag behind the manufacturing average. There is also a difference
between adopters and innovators. Innovators across all manufacturing sectors are more likely to
utilize advanced business practices than non-innovators. However, when comparing adopters and
non-adopters it appears that there is a stronger link between AT use and the use of advanced
business practices than innovation and the use of advanced business practices. Non-innovators
are more likely to use advanced business practices than non-adopters. These results highlight the
importance of advanced technology adoption when it comes to using advanced business
practices. Further research is required to understand why AT adopters in the forest sector are
more likely to utilize advanced business practices and the effects it has on firm performance. If
advanced practices do in fact provide firms with a comparative advantage, and advanced
technology adoption is correlated with the use of advanced business practices, it would be
beneficial for firms to adopt advanced technologies as it could improve their competitiveness
(Gordon and Wiseman, 1995).

Although the forest sector lags behind ICT on most business management practices, forest sector
technology adopters are leaders in sustainable development strategy; 19% of forest sector AT

adopters have a sustainable development strategy (sub-sector level: 25% of paper firms, 15% of
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wood producers and 24% of logging firms) compared with 7.4% of ICT manufacturers. This
finding is in accordance with the Canadian government’s goal to be a leader in sustainable
forestry and position the sector as a green industry (Mockler and Robichaud, 2011). Sustainable
forest management and forest products are some of the sectors main competitive advantages.
These firms develop products in a more sustainable way, they continue to produce and grow
within the means of their environment and resources. However, advanced technology non-
adopters in the forest sector sub-sectors are unlikely to use a Sustainable Development Strategy,
which could be a cause for concern. If these firms are to remain competitive as well sustainable,
they will need to adopt Sustainable Development Strategies. For ICT manufacturing firms, the
disparity between adopters and non-adopters in implementing a sustainable development strategy
is not as large. Based on the data, it appears that advanced technology use and Sustainable
Development Strategy in the forest sector are related. Further research should look into why non-
adopters in the forest sector are not implementing Sustainable Development Strategies, as these

firms could hinder Canada’s goal to become a leader in sustainable forestry and innovation.

6.1.5 Training

Based on the literature and previous research on technology adoption, we expect there will be a
positive relationship between investments in training and technology and firm performance,
because the adoption of advanced technology leads to changes in skill requirements. Training
will be necessary if a firm is to reap the full benefits of the technology, as employees require
technical know-how to operate the new technology (Johnson et al., 1996, Sabourin, 2001).
Highly skilled workers are instrumental to the innovation process (Baldwin, 1999). Firms
investing in training as a part of technology adoption are expected to realize greater productivity
gains than those that do not (Boothby et al., 2010).

Forest sector firms lag behind ICT in providing training post technology adoption (Table 8A,
Appendix 1V P.136). Only 58% of forest sector firms provide training compared to 69% of ICT
firms. Within the forest sector, firms in the paper sub-sector are most likely to provide training
after adopting technology; 62.2% of paper firms stated that they provide training as a result of
adoption. The wood sub-sector is not far behind, 59.4% technology adopters provide training.
The number of logging firms providing training post adoption is much lower, only 47.5%. The

lower percentage of logging firms providing training after a technology is adopted could in part
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explain why fewer of them experience positive outcomes post-adoption compared to wood and
paper firms. According to the literature, the absorptive capacity of a firm will be influenced by
the individual absorptive capacities of its employees (Cohen and Levinthal, 1990). In order for
employees to develop the necessary skill set to successfully implement and use the technology,

training is likely needed (Santamaria et al., 2009).

Across all forest sub-sectors and in ICT manufacturing firms, technical and safety skills are most
commonly trained for post adoption. Firms in the paper sub-sector are more likely to train for
quality control and improvement skills than the other sub-sectors. Team building and safety
skills appear to be more important for logging firms than for any other forest sector firms, quality
control and management skills are less important. This is likely influenced by the type of
technologies adopted in the logging sector and the nature of the work required by employees.
However, the survey does not provide us with information about the skills the employees
possessed prior to the technology adoption, perhaps the employees in logging firms already
possessed the necessary skills to adopt the technology and did not require as much training as
those in the other sub-sectors, which could also explain the lower training levels. Access to the
survey micro data and tax data would allow for further analysis of the relationship between

training and firm performance in forest sector firms.

6.1.6 Obstacles to Adoption

The technology adoption process is hindered by many obstacles, which not all firms are able to
overcome. Financial justification is the most commonly reported obstacle for forest sector firms
as well as ICT manufacturing firms. The financial obstacle faced by the majority of firms is the
high cost of equipment. Purchasing equipment from an external source and integrating it into
existing production processes can pose a large financial burden on firms and a lack of funding
may even deter firms from adopting advanced technology. Successful firms are able to overcome
this problem, for example, by receiving financial support from the government. It becomes clear
that programs such as IFIT are instrumental in helping firms overcome financial barriers to

adoption, the interviews provide more information of the importance of government funding.

Training costs were also reported as an obstacle for most forest sector firms, more so than for

ICT firms. In western Canada, the forest sector is in competition for skilled employees with the
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oil industry. The forest sector is perceived to be in decline in comparison to the oil industry,
which makes it difficult to attract skilled workers, especially engineers. Firms might find it
necessary to re-train existing employees if they are not able to hire new ones. By promoting
forestry research and engineering in universities, or providing scholarships within these areas,

forestry could be seen as an attractive field to work in.

The risks of technology adoption could pose a major obstacle for firms, particularly if they are
adopting a technology that has never been used before. The outcomes of adoption are uncertain,
as firms find it difficult to evaluate the benefits due to bounded rationality (Chesbrough, 2006).
One of the ways to minimize this risk is to adopt a technology that has already been proven
elsewhere (Chesbrough and Crowther, 2006). The firms in the qualitative study received funding
to introduce technologies that have not yet been used in Canadian forest sector firms and could
be used as an example for other firms by providing guidance on adopting novel technology. This
serves as an argument in favour of maintaining government programs, such as IFIT, which
support firms in introducing advanced technology. Without these programs, the technologies
may have never made it to the Canadian market. The new technology does not only impact the
adopting firms, but can transform the whole sector if other firms follow suit. Specifically, the
two firms introduced technologies that transform waste into bioenergy, which is an important
new avenue for forest sector firms and has allowed them to diversify their production from

traditional products.

Analysis of the 1993 Survey of Innovation and Advanced Technology found that advanced
technology adopters were more likely to report obstacles to adoption than non-adopters (Baldwin
and Lin, 2002). However, in the 2007 survey, only adopters were asked the question about
obstacles to adoption, therefore there is no data available about the barriers to adoption for non-
adopters. This type of data would be useful in determining why the non-adopters did not adopt
technology, and identifying the true obstacles to adopting technology rather than the difficulties
the firms had to overcome. Since the survey was designed to cover the entire manufacturing
industry, the obstacles were addressed on a very general level. The interviews were able to

provide more insight into the specific obstacles forest sector firms in Canada face.
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6.1.7 Novelty of Product and Process Innovations

Advanced technology use is also positively related to the novelty of innovations produced by the
firms. Technology users are more likely to introduce North America first and World first
innovations. Non-users introduce mostly firm first innovations. This suggests that technology
users may be more competitive on an international level, by producing novel innovations, they
are able to differentiate themselves from their competitors and be leaders in the industry.
Introducing unique process innovations can provide firms with an increase in productivity and a

reduction in cost allowing them to get ahead of their competitors.

There appears to be positive relationship between AT use and the novelty of product innovation
introduced. The relationship between advanced technology use and the novelty of process
innovation introduced is not as clear as with product innovations. In the forest sector, AT use is
not necessarily related to the novelty of process innovation. In low-tech sectors, innovation is
often a result of “learning by doing” in daily routines within the firm (Hirsch-Kreinsen, 2008).
The firms interviewed provide a good example of firms introducing Canada first or World first

innovations, by using technologies in a way they have never been used before.

Using the survey data, it is difficult to determine the cause and effect in technology adoption and
novelty of innovation. It could be the case that these firms are “champions” in their sectors,
therefore have better developed capabilities and are more inclined to adopt technologies as well
as introduce innovations. Firms that are innovative might be more willing to adopt technologies
than non-innovative firms. The data does not necessarily indicate that technology adoption will
lead to more novel innovations, however there is a positive relationship between them, which

could be explored further.

6.1.8 Outcomes of Advanced Technology Adoption

One of the main findings of this study is that technology adopters in the forest sector who
innovate experience greater positive outcomes in performance in terms of productivity, product
improvement, market share and efficiency resulting from adoption than non-innovators.
According to the survey results, there is a compounding effect of innovation and advanced
technology adoption that results in more positive outcomes for forest sector firms. Firms which

are both innovative and technology adopters are more likely to experience positive impacts than
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firms that adopt a technology but do not innovate. This suggests that advanced technology
adoption that is not accompanied by innovation will not have as many performance benefits for

the firms.

The data demonstrate that the rewards of advanced technology adoption and innovation are not
guaranteed - not all firms will experience improvements post-adoption. In order for firms to
maximize the impacts of technology, such as gains in productivity or an increase in market share,
they must innovate as well as adopt technology. This is particularly true for the forest sector.
Policy should not only consider advanced technology adoption in isolation, but also needs to

address the impacts of innovation in combination with AT adoption.

The effect of not innovating while adopting a new technology has a greater negative impact on
forest sector firms than on firms in the ICT sector. The difference between the impacts of
technology adoption on innovators and non-innovators is greatest in the forest sector. For
example, 91.2% of forest sector innovators experience an improvement in productivity after
adopting a new technology, while only 57.1% of non-innovators do. In ICT the non-innovators
do not lag behind the innovators as much; 87.5% of ICT innovators reported an improvement in
productivity, compared to 73.2% of non-innovators.

The survey data indicate that logging is a special case in the forest sector. Logging firms adopt
significantly fewer advanced technologies, invest less in AT and are less likely to experience
productivity and performance improvements as a result of adopting advanced technologies. This
could be due to the structure of the sector and the type of products it produces. Logging firms are
usually smaller and are part of the extraction industry, which means they produce primary
products with little added value. Logging firms may be less motivated to adopt advanced
technologies, because, based on the results of the survey, they do not expect to achieve the same
benefits from technology adoption as wood product or paper firms. The Canadian forest land
tenure system may also play a role in this, as the land is primarily government owned, logging
firms will not appropriate the benefits of improving production process and may be less
motivated to invest in a resource that they do not own themselves. It may also be more difficult
for them to achieve improvements in their product, since they are dealing with a commodity,

unlike the other forest sub-sectors or the ICT sector. However, logging firms do excel in the use
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of geomatics and geospatial technologies, which are listed under “emerging technologies” in the
2007 Survey of Advanced Technology. Since these technologies are listed separately from the
other advanced technologies, there is no data within the templates about the impacts of using
these technologies on the logging sector. Further investigation is needed in order to understand
the opportunities for improving productivity in the logging sector, a study on the use of emerging
technologies could also provide some insight on advanced technology adoption in the logging

sector.

The survey only captures the self-reported impacts of adoption, but does not provide information
about the initial levels of productivity and performance. Performance for the logging sector may
already be high and that is the reason it did not improve as much as in the other sectors. Previous
studies of Canadian innovation surveys have not found any evidence to support that advanced
technology adoption leads to an improvement in performance, perhaps this is because firms are
reporting their expected outcomes, not the actual outcomes of adoption (Arundel and Sonntag,
1999). Business performance data, possibly from sources such as government tax data collected
in the years prior to and after the technology adoption, would provide us with valuable
information about the effects of technology adoption on performance.

6.1.9 Exports

One of the main problems with the Canadian forest sector, is that the majority of its exports are
primary wood products, with little value added (Wang, 2009). By sending out commodity
products and buying back the secondary products Canada is not capturing the benefits of the
forest sector. The aim for Canadian forest sector firms should be to produce high-value added
products in Canada, rather than exporting them in primary form (Hawkins, 2012). Not only does
this foster innovation, it will also contribute to the trade balance.

According to the survey data, logging firms make the majority of their revenue from sales within
the province or territory. Wood and paper firms also sell most of their products within the
province, but are more likely to export than logging firms. The products of logging will often be
an input into the wood and paper sector. These firms take the lumber and convert it into value-
added products. The fact that logging firms export less than wood and paper firms could be

86



positive, since this means that more products are being exported in value-added form, rather than

as primary products.

Advanced technology adopters, are more likely to export their products outside of Canada than
non-adopters. This indicates that technology adoption could play an important role in the
competitiveness of the Canadian forest sector. An increase in technology adoption by forest

sector firms could help Canada compete on international markets and improve its trade balance.

Although the forest sector is diversifying in exports, there still appears to be a great reliance on
the US market, with a very small amount of sales being made outside of North America. In the
future, the forest sector would benefit from diversifying its exports even further, as the

overreliance on the US contributed to the crisis the sector faces today.
6.2 Qualitative Study Findings

The interviews provide information about the technology adoption process in two firms which
have received IFIT funding for their projects. The interviews address all three phases of the
adoption process as described in Voss’s (1988) model: pre-installation, installation and
commissioning, and post-commissioning. The analysis focuses on some of the main themes
presented in Figure 7 on P.55 of this document and is supported by quotations from the

interviewees.

6.2.1 Need Identification

The interviews suggest that the forest sector may be more innovative than it is perceived to be.
Even with a limited sample size, we were able to identify firms which are champions in their
sector. The IFIT program provides funding to some of the most innovative firms in the forest
sector. Although only 14 firms received funding in the previous round of the project, the large
number of applicants (over 100) suggests that many Canadian forest sector firms are interested in
innovation and improving their production processes through the adoption of advanced
technologies (Natural Resources Canada, 2014). The two firms interviewed for this study are
involved in innovation in order to improve firm performance and remain sustainable in the long-
run. A long-term outlook is important in the technology adoption process as it involves a

substantial financial commitment and it takes time to adopt the changes; results are rarely
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instantaneous (Co et al., 1998). Both firms indicated that they engage in a process of “continuous
improvement” to identify new technology needs and improve their production methods. They are
taking a pro-active approach to innovation and advanced technology adoption, actively seeking
ways to transform their firm. Firm X has an “ongoing review process seeking efficiency.” The
corporate culture in these firms is such that it promotes employee involvement and engagement.
They are able to contribute their ideas. To illustrate, interviewee #2 described the corporate

culture in the firm by saying:

“We really invest in our people and training and we really encourage them to complement the
business through their ideas and their innovation. We have what we call continuous
improvement process. People here are pretty free to come forward with their ideas. We have a

system that allows them to do that and we can vet these ideas” (Interview #2, P.3).

However, some of their motivation to adopt new technologies might stem from the economic
climate, and adaptation to the increasing energy costs. For Firm X, their decision to adopt a
technology that produces energy, was influenced by the increase in the cost of power.

Interviewee #1 described the situation by stating that:

“One of the things is that we had fairly low cost power up until now, up until say two years ago,
we had quite a bit of... we had a surplus of low cost power in British Columbia. We no longer

enjoy that surplus anymore” (Interview #1, P.9)

Since energy costs are very high in the forest sector, firms have had to find ways to decrease
them, and producing their own energy is a good way to do so. In addition, they have connected
to the electricity grid in British Columbia and can generate a revenue from selling off the excess

energy they produce.

For both firms, the adoption of advanced technologies represented a diversification of their
production. Firm X created a new company as a result of the advanced technology adoption.
Interviewee #1 explained that: “We were creating sort of a brand new direction for the company,
for the production of energy, we had never done that before. And we were going to use that

company to seek additional opportunities in energy creation.” (Interview #1, P.3).
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Similarly, Firm Y has gone from being not only a pulp-mill, but also a bio-refinery producing
green fuel. This diversification feeds into the idea of “long-term perspectives.” Both interviewees
realize that the forest sector is in decline and in need of a transformation, therefore they are
pursuing methods of green energy production. Firm X is producing green power from waste,

while Firm Y is producing a bio-fuel.

The process of need identification is therefore quite complex. Forestry firms seem to be
predominantly looking for something that complements their core, a technology that will be a
good fit for their business. Firm X identified a waste stream in their system and wanted to turn it
into a revenue. Firm Y was already producing green power and was looking for ways to further
diversify. In both cases, a feasibility study was conducted to identify the technology needs. The
difference between the firms in the way they obtained the technology, was that Firm X put out a
competitive tender, while Firm Y was approached by a specific supplier. As interviewee #2 put it
the technologies are “still in their infancy,” therefore the pool of suppliers is very limited. Firm
Y is the first pulp mill to ever use this technology, which may explain why their choice of
suppliers was so limited. Firm X obtained its technology from Italy, and is the first North
American firm to use this type of technology.

6.2.2 Challenges and Enablers
Obtaining the finances for advanced technology adoption was found to be one of the main
obstacles to adoption for forest sector firms, however the interviewees identified other obstacles

that were specific to the forest sector and the regions in which the firms operate.

The lack of skilled labour was identified as a major challenge by both firms. Due to the downturn
in the industry, many engineers have left the sector to work in oil or mining. This lack of skilled
labour could have a detrimental impact on innovation in the forest sector. Skilled engineers are

needed to install new technologies, if they are not available it slows down the adoption process.

Team work is also perceived to be an important driver in successful technology adoption (Tracey
et al., 1999). It is imperative for top management to show support for the technology
implementation and to communicate the goals of adoption with their staff (Mirvis et al., 1991,

Co et al., 1998). Firms which place an emphasis on their human resource strategy are more likely
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to successfully implement the technology (Baldwin 1999). The two firms involved in the
qualitative interviews provided extensive training for the employees involved in the adoption.
Firm X even took its employees to Italy, so they could see the technology in place before it was
implemented in their firm. Both interviewees stressed the importance of employee involvement
in the adoption of the technology and believed it to be instrumental to the successes of the

technology implementation.

One of the challenges that was not documented in the survey, but arose in the interviews was
bureaucracy and regulation. Firm X identified regulations as one of the challenges in the
adoption process. Obtaining permits and negotiating power contracts posed a difficulty in
implementing the new technology. The permitting process was influenced by the recent
explosions in sawmills in British Columbia®. Firm Y, as a pulp mill, did not face these same
challenges. This indicates that extent to which regulations pose a challenge to technology
adoption will be influenced by the type of technology the firm wishes to install. Therefore, not

all technology firms will face this challenge, but it can act as a major barrier to those who do.

The interview data show that the funding provided by external organizations is instrumental to
the adoption of an advanced technology. In order to qualify for IFIT funding, firms must be
willing to take a risk and invest in a technology that has not been proven before. Without the
support of the IFIT program and provincial governments, these firms would most likely not have
been able to adopt the technologies. Interviewee #1 explained that: “I would say we probably
wouldn’t have been able to [adopt the technology] without the NRCan funding and Hydro
funding.” (Interview #1, P.7).

Financing new technology is the most prevalent obstacle to adoption for forest sector firms. Lack
of financial justification was reported to be an obstacle to adoption by 96.8% of technology
adopters in the forest sector. They often have to turn to external sources to fund the new
technology. In order to qualify for IFIT funding, firms must be willing to take a risk and invest in

a technology that has not been proven before. It can be difficult for firm managers to convince

2 After two deadly sawmill explosions took place in BC in early 2012, WorkSafeBC sent out officers to inspect
sawmills and prevent the buildup of dangerous and potentially explosive wood dust (The Canadian Press, 2013).
More information on: http://www.huffingtonpost.ca/2013/10/31/bc-sawmills-worksafe_n_4182177.html
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their boards to invest in a new technology, having financial support for the project can help

support the decision and minimize some of the potential losses for the firm.

6.2.3 Research and Collaboration

According to the literature, firms in the LMT sector are less likely to engage in in-house R&D
and often collaborate with other firms or institutions in order to introduce a new technology
(Spithoven et al., 2010). Both interviewees were very pleased with the support offered by the
people with the IFIT program, which reduced some of the bureaucratic strain on the firms. Firm
Y is also working with FPInnovations to overcome some of the challenges in implementing the
technology. Firms which are members of FPInnovations can benefit from their services, by for
example utilizing their research labs. Many forestry firms do not have R&D facilities of their
own, therefore the help of research institutions, such as FPInnovations can be instrumental in the

adoption of a new technology.

6.2.4 Outcomes of Technology Adoption

The data collected from the interviews suggest that improved productivity is only one of the
outcomes of advanced technology adoption. Firm X was able to reach its productivity targets in
only three days. This success has spurred on more innovation within the firm, as employees are
now looking for even more ways to improve the production process. The organizational learning
as a result of the successful technology adoption is an example of DUI innovation (Hansen and
Winther, 2011). The employees have learned from the technology adoption and are continuing to
improve production processes even further. Although Firm Y has not fully realized the benefits
of the new technology yet, many pulping firms are waiting to see how it succeeds. Both firms
have gained an improved profile in the forestry sector, as other firms are following their example
in their technology adoption process. These firms are becoming well respected within the
industry for being innovative. This could improve their future prospects, for example by
attracting partnerships with other firms, or securing supplier/customer deals due to their
improved reputation. It may also make it easier for them to attract skilled workers in the future.
Another important outcome of the technology adoption is employee pride. Employees are very

proud of the new technology, which has increased their motivation. As mentioned before, they
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are seeking ways to become even more efficient in their production methods, which is a very

positive outcome for the firms.

6.2.5 Diversification and International Competitiveness

Since energy costs are very important to the forest sector, firms have had to find ways to
decrease them, and producing their own energy is a good way to do so. As a result of adopting
advanced technologies, some forest sector firms, like the sawmill interviewed for the qualitative
study, have connected to the electricity grid and can generate a revenue from selling off the
excess energy they produce. Reducing costs is only one of the options to improving
competitiveness, as forest sector firms face competition from firms in developing nations with
much lower costs. Canadian firms must develop some sort of competitive edge, in order to
distinguish themselves from their competitors. Adopting advanced technologies can help them
achieve these goals. Transformation in the forest sector through the production of these non-
traditional products, such as bioenergy and biomaterials from wood fibre is expected to add to
the contribution the forest sector makes to the Canadian economy (Natural Resources Canada,
2013c).
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7. Conclusion

For many years academic scholars have emphasized the need for a forest sector innovation
policy and the technological transformation of the sector (Rosenberg et al., 1990; Binkley, 1995;
Madore and Bourdages, 1992). Even twenty years later, the forest sector is still suffering from
the same problems outlined by these scholars (Mockler and Robichaud, 2011). However, the
results of the 2007 Survey of Advanced Technology suggest that the forest sector may not be as
behind on technology adoption as originally believed, even when compared to a high-tech
industry such as ICT manufacturing. Just because the sector is in the low-tech industry, does not
mean it is not innovative. Although forest sector firms do not engage in as many R&D activities
as ICT firms, they do innovate in different ways. For example through the adoption of advanced
technology or by investing in the development of their human capital. Certain pioneering firms,
such as those in the IFIT program, are adopting cutting-edge technologies in order to transform
their firms into bioenergy producers and pave the way for the rest of the industry. The sector is
also leading in the use of sustainable development strategies. This means that forest sector firms
operate in a way that does not deplete environmental resources, which is crucial to the

sustainability of Canada’s economic growth.
The main findings from the study are:

- The forest sector sub-sectors are very diverse in technology adoption — it is imperative to
study the forest sector at the sub-sector and sub-sub-sector level

- Technology adopters in the forest sector who innovate are more likely to experience
positive impacts (productivity, market share, efficiency) from adoption than non-

innovators

- Paper and wood product firms adopt more technology than logging firms, they also
experience greater benefits resulting from adoption (not far behind ICT) — could be a
result of the combination of type of technology, training provided, R&D investment,

sector specific obstacles.
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- Logging is a special case in the forest sector — further investigation is needed in order to
understand why more firms in this sector are not experiencing positive impacts post

technology adoption.

- Advanced technology users across all sectors are more likely to use advanced business
practices than non-users. These business management practices may be a necessary

component to successfully managing the advanced technology

- Technology users are more likely to introduce North America first and World first
innovations. Non-users introduce mostly firm first innovations; suggesting that

technology users are more competitive on an international level.

Both the survey results and the interview data revealed that the forest sector sub-sectors are very
diverse in technology adoption, particularly in the types of obstacles they face and the outcomes
of adoption, which suggests that researchers and policy makers need to study the forest sector at
the sub-sector level or even the sub-sub-sector level. Policies designed at the sector level may not

benefit all the sub-sectors.

Adoption of technology in the forest sector is influenced by various factors including the
economic climate, geographical location, access to finance, support from other institutions and
employee involvement. In light of these findings, innovation support programs should not only
focus on R&D performers, but also firms engaging in non-R&D innovative activities, such as
advanced technology adoption (Huang et al., 2010). Policy makers need to recognize the
importance of the transformation of the forestry sector, due to the role the industry plays in the
Canadian economy. Although policy makers cannot influence all the factors that affect advanced
technology adoption, they can create policies that will help them overcome some of the
challenges. For example by encouraging knowledge generation and transfer through institutions
such as FPInnovations and continuing to provide funding for technology adoption. If the decline
in demand for forest sector products persists, diversification and technological upgrading may be
the only options left for Canadian forestry firms. The firms interviewed were both able to
diversify their production as a result of adopting advanced technology by turning waste into

energy.
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The interviews provided some insight on the influence of advanced technology adoption on
employees. According to the literature employees may be resistant to new technology, as it
changes the nature of their work and can even make their position obsolete (Chesbrough, 2006;
Co et al., 1998; Sabourin and Beckstead, 1999). The interviewees indicated that employees were
apprehensive about adopting new technology, however adequate training and employee
involvement in the adoption process resulted in positive outcomes. The employees were trained
how to use the new technology prior to its adoption and subsequently felt a sense of pride in the
business, as they were able to understand the benefits of using advanced technology. Employee
pride was identified as an important outcome of advanced technology adoption, as it motivated

the employees to seek new ways to improve production processes and innovate.

Statistics Canada is in the process of developing a Survey of Advanced Technology for 2014. The
results of the 2007 Survey should be analysed thoroughly before the next one is launched, to
identify any changes that need to be made to the survey design. This research can provide insight
on how the survey instrument can be improved to provide us the information we are looking for.
Analysis of the 2007 Survey of Advanced Technology can inform survey design for the future by
enabling us to identify which indicators are missing. It can also assist in developing an
Innovation Scoreboard for the Canadian forest sector, as it provides some insight into the role of
technology adoption in forest sector performance. The government has made significant
investments into innovation and advanced technology surveys, however the results are not
always fully exploited or communicated back to policy makers and industry. This thesis can

help, at least in part, to bridge that gap.

Combining survey data and qualitative data, provided us with firsthand information about the
adoption process and the challenges faced by Canadian forest sector firms. The amount and type
of information that can be collected by surveys is limited. Supplementing survey data with
interviews allowed us to tailor the questions to technology adopters in the forest sector and
provided us with valuable information about the firms, which would not have been able to collect
without these two information tools. Although the firms interviewed are not representative of the
forest sector as a whole, they provide valuable information about what it is like for Canadian
forest sector firms to adopt advanced technologies that have never been used in Canada before.

The study gives managers some indication of the challenges they may face during the adoption
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process and what they can do to overcome them. These two firms can act as examples for other
firms in the industry that wish to diversify or apply for government funding in the future. This

can also help reduce the risk of adoption for other firms in the forest sector.

By analyzing the differences between adopters and non-adopters of advanced technology, we are
able to highlight the benefits of technology adoption within the forest sector and the positive
impact advanced technology adoption has on productivity, product improvement, market
performance and even sustainable development, especially when combined with innovation.
Since financing is a major obstacle for innovative firms, government programs such as IFIT are
crucial for forest sector firms and need to continue in order for the Canadian forest sector to
transform. Particularly in a time when environmental and sustainability concerns are rising,
advanced technologies, such as those adopted by the two firms interviewed, can help Canada

become a leader in sustainable forestry.

Policy makers should also look for ways to decrease the bureaucratic and regulatory challenges
for firms in order to facilitate the technology adoption process. Obtaining permits and
negotiating power contracts posed a difficulty for the sawmill studied. The permitting process
was influenced by the recent explosions in sawmills in British Columbia, which increased the
regulatory burden for firms. Having the right people in place for the procedures, particularly
within the IFIT program, can help speed up the process, as they can provide support to firms in

obtaining the right paper work.

The results of this study indicate that R&D spending is not necessarily the most accurate
measure of innovation, especially for the LMT sector. These indicators are often used, because
monetary outcomes are easier to measure. Firms are classified based on the output produced,
rather than the inputs going into the production. Even in low-tech industries, these inputs may
involve high-tech products. The roles of high technology and LMT sectors cannot be analysed in
isolation, because it is their interaction that drives economic growth and development. For
example, the number technologies adopted by the paper sub-sector, as well as the level of
investment and the outcomes in terms of productivity and performance are more similar to the
ICT manufacturing sector than the logging industry. By considering other inputs to innovation,

such as technology use or training, we can get a more accurate picture of innovation within a
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sector, particularly if we examine technology use and the outcomes of technology on a sub-
sector level. Forest sector firms innovate by using technology in novel ways. They are
knowledge carriers and disseminators, they take technology used in other sectors and apply them
in their own production processes, which can inspire other firms to adopt these technologies as
well. When evaluating advanced technology use in the forest sector, logging drives the average
figures down, but wood and paper firms are high intensity users of advanced technology. From
the qualitative study, it becomes clear that certain firms in these two sub-sectors are very
innovative, some introducing world first innovations, by using technologies that have never been
applied to the forest sector before. It is important that these types of firms continue to receive
support from the government, as they play a key role in the transformation and future success of

the Canadian forest sector.

7.1 Limitations and Future Studies
There are some limitations when using a survey conducted in the past rather than designing one
specific to this study. Surveys of Innovation and Advanced Technology are usually designed for
the manufacturing sector as a whole, when it is comprised of many different industries, therefore
the questions may be suited for some industries better than others. There is also no longitudinal,
or panel, data available, because the survey is conducted only on an occasional basis and the
questions change from year to year. This makes it difficult to track the performance of firms over
time. However, the main benefits of using survey data from Statistics Canada is that the survey is
mandatory and has a large sample size. The data collection process is very rigorous and provides
users with reliable data. It would be difficult and costly to administer our own survey, even if the
questions were better tailored to the forest sector. The survey does not provide enough detail or
depth for the forest sector, thus the interviews were administered to better identify some of the
problems specific to the Canadian forest sector. The interview data provides us with contextual
depth rather than statistical generalizations. Making use of multiple data sources, such as past
survey results, the 2007 Survey of Advanced Technology and the interviews allowed for data
triangulation. The interviews were used to expand on the data found in the survey. Access to the
micro data from the 2007 Survey would be necessary in order to conduct a regression analysis
and determine the correlation between advanced technology use and measures of firm

performance (sales, profitability, return on capital investment etc.).
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The survey design also imposed some limitations on the study. The definition of an “adopter” in
the 2007 Survey of Advanced Technology is a firm which has adopted any of the 39 technologies
listed in the survey. Since the survey covers all manufacturing industries, the list of technologies
may apply better to some than to others. Technologies relating to extraction industries, such as
mining, logging or oil and gas, may not be as well covered. Technologies which have become
mainstream in one sector may be considered advanced in other sectors. Since ICT technology is
now very widely adopted among firms, most firms in the sample fell under the ‘“adopter”
category. That is why the list of technologies is revised with each iteration of the survey. Certain
technologies were considered to be “emerging technologies,” which includes
geomatics/geospatial technologies, biotechnology and nanotechnology. Firms using these
technologies were not considered to be “adopters” in the Template for Analysis, which may have
affected the results, especially for logging firms, which may be more likely to use
geomatics/geospatial technologies than the technologies from the original list. Also, it may be
difficult to identify and isolate the outcomes of a particular technology if a firm adopted more
than one or adopted other technologies in the past. The positive impact on performance could a
result of the combination of various technologies (Beede and Young, 1995). Firms that have
adopted technology in the past may have more experience with the adoption process which
would give them an advantage over first time adopters.

Another limitation in the survey design is that the 2007 Survey of Advanced Technology did not
include many performance or outcome measures. The outcomes of technology adoption were
self-reported and based on a scale for the degree of impact (low, medium or high). There was no
way for respondents to quantify the results. When asking for financial information, there is a risk
of non-response, as firms do not want to disclose this information in a survey. This may be the
reason the question was formulated this way. Also, since it can take many years for firms to
realize the benefits of adopting the technology, if the technology has been in use for less than 2
years, it may not be sufficient enough for firms to report on. By linking the results of this survey
to firm performance data, such as those captured in the tax filings of firms, we would be able to
analyze the impact of AT adoption on performance through an econometric analysis. The tax

data, which has been linked backward and forward until 2012 would provide more information
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on the outcomes of adoption, particularly how capital investment and technology adoption relate

to performance improvements.

In addition, many of the questions were only addressed to adopters and not the non-adopters,
which made comparison between these two groups more difficult. For example, the question
about obstacles to adoption was only answered by adopters. It would be beneficial to also have
the answers from non-adopters, particularly asking why the non-adopters are not using any
advanced technologies. It could simply mean that these firms did not find it necessary to adopt
advanced technologies, or there could be other reasons, such as lack of finances. Future surveys
should include this question, since the data indicates that technology users improve their
productivity post adoption and they are more likely to adopt a sustainable development strategy.
If adopters faced obstacles to adoption, it suggests that they were able to overcome them
somehow. By conducting additional interviews with firm managers, we could gain more insight
into how adopters are able to overcome these obstacles, which could serve as an example to
other firms. Moreover, examining the tax data for firms which did not adopt technology would
allow us to determine how their performance has improved over the years in comparison to the
adopters of technology and understand if there really is a competitive advantage to adopting
advanced technology. This information would be useful for evidence-based policy making as it
would allow policy makers to understand why certain firms are not adopting advanced

technologies and how to address this issue.

Using the Templates for Analysis as a tool for analysing the 2007 Survey data allowed us to
make comparisons between different groups of firms, for example Adopters v. Non-Adopters
and Innovators v. Non-Innovators. Nevertheless, there were still some limitations imposed by
using this tool rather than the micro data. The templates limited this study to the use of
descriptive statistics based on percentage comparisons, which cannot be used for econometric
analysis. Due to this limitation to domain comparisons, we cannot determine the overall
percentage of technology adopters within the sectors, only the percentage of total adopters using
a particular technology. It is also difficult to determine cause and effect using this type of survey.
For example, we do not know if firms using advanced business practices are more likely to adopt
advanced technologies or if they use these business practices as a result of the technology

adoption.
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Using the templates, we cannot determine how many technologies an individual firm adopted or
the type of technology, we can only look at the sector and sub-sector level. There may be effects
due to adopting multiple technologies or certain technology combinations that the templates are
not able to capture. Some of the data in the templates is compressed or unavailable, such as the
innovation novelty for ICT non-adopters, which would have provided a useful comparison to

forest sector non-adopters.

We also cannot distinguish the effects of being a Non-Innovator AND Non-Adopter, as the
templates only allow us to look at each group separately. It would be interesting to investigate
the combined effect of not adopting new technology and not innovating on the performance of

forest sector firms.

The qualitative portion of this research study could be expanded to include more firms, for
example, looking at firms which did not receive IFIT funding when adopting advanced
technology, since the pool of firms receiving IFIT funding is very small. These firms benefited
from IFIT funding, because they were introducing novel technologies. To expand on this
research, a comparison could be made between IFIT firms and those which funded the
technology adoption in other ways. Do firms which are following in the footsteps of pioneering
firms face different challenges? It would also be beneficial to interview managers from logging
firms to gain some insight into this sub-sector and understand why they are not adopting as much

technology or reaping the benefits of adoption like the firms in the wood or paper sub-sectors.

One of the factors that was not addressed in this study was the effect of firm size on technology
adoption. The literature indicates that large firms are more likely to adopt advanced technology
than small firms. Future studies could stratify the sample based on firm size in order to provide
insight on the implications firm size has for the forest sector, especially logging, where the
majority of firms are small. However, firms with less than 20 employees or revenues lower than
$250,000 are excluded from the survey. Only about 58% of Canadian manufacturing firms fit the
sampling criteria, which means that we do not have data on a large proportion of the industry,
particularly small firms. This raises the issue of collecting data from small firms without creating

too much of a response burden.
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Another factor believed to influence technology adoption is the location of Head Office. The
Head Office of forest sector firms is usually located within the province. According to the 2007
survey results, the Head Offices of technology adopting firms are more likely to be located
outside of the province or country than those of non-adopters. This suggests that foreign firms
are more likely to invest in AT than Canadian ones. Future studies could focus on this
phenomenon in order to understand why Canadian owned firms are less likely to invest in
advanced technology than those controlled outside of the country and the effect on forest sector
firms.
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8. Appendix
8.1 Appendix I: 2007 Survey of Advanced Technology Questionnaire

Scicenci Innovation and Elccrranic Infarmation Division
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Survey Purpose Authority
The infarmation you provide is essential to assure the availability This survey iseen ed under the authority of the Statistics Act,
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Key Definition

In this questionnaire, we refer both to your “business unit” and to your “firm”. By “business unit”,
we refer to your establishment or local operations (as described on the |abel on the first page of the
questionnaire). By “firm”, we refer to all business units and operations in Canada or in other countries
that comprise your company.

Section A - Advanced Technologies

Advanced Technology Adoption

This guestion explores advanced technology adoption. It will provide important information on nological

capabilities.

1. Please take your time to indicate (v') if you are using (in use) or are not currentl
following advanced technologies in your business unit (as described on the lab
guestionnaire). If you are currently using the advanced technology, please j : v') if it has been in
use for more than 2 years in your business unit as well as the location of yo
{(as indicated on the purchase order). If you are not currently using a given advanced technology please
indicate (v") if you plan to use it within 2 years in your business Please refer to the enclosed
reporting guide if you have questions or need a definition of the list ologies.

t in use) the

f your supplier(s) of this technology

Design, Engineering and Virtual Manufacturing (Please check all that apply)

a. Computer United Asia | Al other
Aided Design 1 In use for more States Mexico | Europa Pacific | countries
(CAD) including In use =» | than 2 years
simulation
technologies /

Computer Aided 2 3 1 5 6 7
Engineering (CAE)
including modeling
or simulation
technologies Notinuse ° in'2 years Yes
3 No

b. Computer Your Th : ]

) : : erest | United . Asia All ather
Aided Design/ \, In use for more orr”lg\#ﬂge of Canada| States | MeXico | EUrODe | pociie | countries
Computer Aided In us; “» =» | than 2 years 2
Manufacturing \ 01022 01024
(CAD/CAM) 1 on

} 1 2 3 4 5 6 7
3 No
Plan to use
Notin use ° =>» | within 2 years 1 Yes
3 No
c. Virtual product 01031 r:?fiunrce Therest | United | oo | curone Asia | All other
development ’ In use for more pt it of Canada | States P Pagific | countries
In use => | than 2 years OIRCHTIONY
61032 01034
1 Yes l
1 2 3 4 5 6 7
3 No [
01033
) Plan to use
Notinuse °* => | within 2 years I Yes
& No
<+ Page 02
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Lacatian of your supplier(s) of this technalogy
(Please check all that apply)

d.Virtual 01041 vour | Therest | untes | | Asia | All other
manufacturing In use for more | PrOVINGE | o vonada | States tHg UrORE | pagific | countries
In use 1 => | than 2 years or territory
01042 01044
1 Yes 1
o 2 3 4 5 6 7
3 No J
Plan to use oo
Notinuse ° = | within 2 years 1 Yes
3 No
e. Software , 01051 rzs:]nrce Therest | United | 0. ) Asia | All other
technologies ; In use for more o?le itony| Of Canada | States Pacific | countries
for systems In use => | than 2 years L)
engineering 01052 01054
1 Yes
1 2 3 5 6 7
3 No
01053
Plan to use o
Notinuse 2 => | within 2 years 1 Yes
f. Electronic 01061 Uni )
nited : Asia All other
exchange and In use for more States Mexico | Europe Pacific | countries
management In use 1 =>» | than 2 years
of CAD files
2 3 1 5 6 7
Notinuse 2 within 2 years Yes
3 No
g- Rapid prototyping YOUr | Therest | United . Asia | Allother
In use for more 0?';:‘:::;? of Canada | States exico i Pacific | countries
than 2 years ry
01072 01074
1 Yes
1 2 3 4 5 6 7
3 No
01073
Plan to use '
Notinuse ° => | within 2 years 1 Yes
3 No
Page 03
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Processing, Fabrication and Assembly

Lacatian of your supplier(s) of this technolagy

(Please check all that apply)

h. Flexible 01081 Your ' )

" ! Therest | United - Asia All other
Manufacturing In use for more | PIOWNICE | o anada | States Mexico | EUOBE | pacific | countries
Cells or In use l = | than 2 years or tarritory
Flexible 01082 01084
Manufacturing 1 Yos l
Systems . 1 2 3 4 5 6 7
(FMC/FMS) S No |

Plan to use oloes
Notinuse ° => | within 2 years f Yes
3 No
i. Reconfigurable 1081 YOUr | re rest | United Mexi Asia | All other
systems In use for more | PIOVINCE | o panada | States i : Pacific | countries
In use 1 =» | than 2 years or territory
01092 01094
1 Yes
1 2 3 5 6 7
3 No
0109
Plan to use o
Notinuse ° =>» | within 2 years
j- Lasers used 01101 United : Asia All other
in materials In use for more Sates | Mexico | Europe | oo | Lo niries
processing In use 1 =» | than 2 years
(including surface 01102
modification)
2 3 4 5 6 7
Notinuse ° within 2 years Yes
3 No
k. E-beam { Your | Therest | united | oo | E Asia | All other
processes In use for more prtnw;ce of Canada | States exico UroPe | pacific | countries
In us =» | than 2 years QrigrRoTy
\ 01112 01114
1 Yes }
1 2 3 4 5 6 7
3 No
0111
Plan to use
Notinuse 2 =>» | within 2 years 1 Yes
8 No
l. Plasma sputtering ai121 Your | o . ,
; he rest | United - Asia All other
; In use for more prtuvnjtce of Canada | States plctcs Al Pacific | countries
In use => | than 2 years (W BRI
01122 01124
1 Yes I
1 2 3 4 5 6 7
3 No J
01123
i Plan to use
Notinuse °* => | within 2 years ] Yes
3 No
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Lacatian of your supplier(s) of this technology
(Please check all that apply)

m. Robot(s) 013t r\:\’”‘:]rw Therest | United | o | oo | Asia | Allother
with sensing ] In use for more ptn it of Canada | States P Pacific | countries
capabilities In use than 2 years QIlerniony

1182 01184
1 Yes 1
L 2 3 4 5 6 7
8 No J
Plan to use o
Notinuse ?° within 2 years L Yes
3 No

n. Robot(s) 1141 Your | Therest | United | o W) Asia | All other
without sensing 1 In use for more u[rllerrito of Canada | States Pacific | countries
capabilities In use than 2 years b

01142 01144
1 Yes
1 2 3 5 6 7
. AN
01143
Plan to use ’
Notinuse 2 within 2 years 1 Yes
o. High speed b1151 United Asia | All other
machining 1 In use for more States Mxice | E e Pacific | countries
In use than 2 years
01152
2 3 4 5 6 7
Notinuse ° within "2 years Yes
3 No
p. Near net shape vour | Therest | United | oo | oo | Asia | Allother
technologies In use for more Oflemm of Canada | States -UIOP€ | pacific | countries
than 2 years ry
01162 01164
1 Yes }
1 2 3 4 5 6 7
3 No
01163
Plan to use
Notinuse ? within 2 years 1 Yes
3 No

q. Micro . Qi r\;‘\)/iunrce The rest | United |\ oo | Europe Asia All other
manufacturing ; In use for more pt itory| Of Canada | States P Pacific | countries
(micro machining | Inuse than 2 years DU
of micro moulding) 01172 01174

1 Yes 1
1 2 3 4 5 5 7
3 No [
01178
i Plan to use
Notinuse ° within 2 years ! Yes
3 No
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Lacatian of your supplier(s) of this technalagy
(Please check all that apply)

r. Micro Electro 01181 Your ) :

) - Therest | United ; Asia All other
Mechanical . In use for more prtg\n!;ce of Ganada | States | MENCO | EUORE | macisic | countries
Systems (MEMS) | Inuse than 2 years O

01182 01184
1 Yes 1
J 1 2 3 4 5 6 7
8 No
Plan to use Jre
Notinuse 2 within 2 years : Yes
3 No
Location of your supplier(s).of this technology
I"smcﬂon (Please check all tha
s. Automated 11191 Your . . ;
o basad I ; province The rest | United Europe As!q All other
vision ; n use for more iy of Canada | States Pacific | countries
systems used for | Inuse than 2 years AL
inSpection/testing 01192 01194
of inputs and/or 1 vas
final products . } 1 2 4 5 6 7
No
Plan to use s
Notinuse 2 within 2 years 1 Ye
t. Other automated 201 Therest | United | oo | oo | Asia | Alother
sensor-based ; of Canada | States X TOPE | Ppacific | countries
systems used for | Inuse
inspection/testing
of inputs and/or
final products 2 3 4 5 6 7
including e-beam
inspection 012
to use £
Not in use within 2 years 1 Yes
3 No

S
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S Lacatian of your supplier(s) of this technolagy
Communications (Please check all that apply)
u. Local Area 01211 Your . :
; The rest | United - Asia All other
Network (LAN) In use for more | BrOVINCE | ¢ canaga | States Mexico | EUORE | pagific | countries
to machines on In use 1 than 2 years or territory
the business unit 1212 01214
(plant) floor 1 Vae 1
1 2 3 4 5 6 7
8 No J
Plan to use Jie
Notinuse 2 within 2 years . Yes
3 No
W Company-mde rZSiunrce The rest | United | .. Asia | All other
computer networks . In use for more o[r)lerrito of Canada | States Pacific | countries
(including LAN, In use than 2 years iy
Intranet and WAN) 01222 01224
1 Yes
1 2 3 5 6 7
3 No
01223
Plan to use
Notinuse 2 within 2 years 1 Yes
w. Inter-company i United A Asia | Al other
computer ] In use for more States Mexico | Eurape Pacific | countries
networks In use than 2 years
(including 01232
Extranet and EDI)
2 3 4 5 6 7
Notinuse 2 within 2 years Yes
3 No
x. Wireless ! Your | Therest | United | oo | g | Asia | Allother
communications In use for more | PIPEES | of Ganada | - States PE | Pacific | countries
for production In us than 2 years iy
01242 01244
L Yes
1 2 3 4 5 6 7
3 No
01243
Plan to use
Notinuse 2 within 2 years L Yes
3 No
Y- Wireless_ ' ks Your The rest | United Mexi £ Asia All other
communications In use for more | PrOVINGE | e oada | States taiEg UrORE 1 pagific | countries
for office In use L than 2 years or territory
operations and/or 01252 01254
marketing/sales 1 Yes 1
activities . 1 2 3 4 5 § 7
b No [
01258
i Plan to use
Notinuse ° within 2 years I Yes
3 No
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: ; Lacatian of your supplier(s) of this technology

Automated Material Handling (Fleese chiaical Hatannty)

Ze P eniien oy oreel r\:\’/i‘:]rce Therest | United | o | oo | Asia | Allother
for manufacturing : In use for more | PIOVEE | of Ganada | States P | Pasific | countries
automation In use = | than 2 years or tarritory
(e.g. bar coding) 01262 01264

1 Yes 1
| 2 3 4 5 5 7
8 No J
Plan to use fiees
Notinuse ° =>» | within 2 years 1 Yes
3 No

aa. Part identification Your | Therest | United | o W) Asia | Al other
for tracking . In use for more u[rllerrito of Canada | States Pacific | countries
materials and In use =>» | than 2 years b
components 01272 01274
(e.g. Radio 1 i

Frequency g } 1 2 3 5 6 7
Identification, No \
RFID) :
Plan to use o
Notinuse 2 => | within 2 years 1 Yes

bb. Post production United . Asia | Al ather
tracking of 1 In use for more States | MeXIcO | EUOPE | pacific | countries
products In use =» | than 2 years
(e.g. Radio 01282

Frequency
|dentification, 2 3 4 5 6 7
RFID)
Notinuse ?2 within "2 years Yes
3 No
cc. Automated Your . ;
: The rest | United : Asia All other
Storage/ In use for more OET;::E? of Canada| States | MeXico | Europe | pocific | countries
Retrieval System than 2 years &
(AS/RS) 01292 01294
1 Yes }
1 2 3 4 5 6 7
3 No
0129
Plan to use
Notinuse ? =>» | within 2 years 1 Yes
8 No
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Integration and Control

Lacatian of your supplier(s) of this technalagy

(Please check all that apply)

dd. Multi axis 01301 vour | Therest | United | oo | oo | Asia | Allother
capability 4 In use for more ptn itory| 0 Ganada | - states ; Pacific | countries
In use than 2 years QSO
01802 01304
1 Yes 1
1 2 3 4 5 6 7
3 No J
-
Plan to use g1
Notinuse 2 within 2 years L Yes
3 No
ee. Computer(s) 131 Your | the rest | United Asia | All other
used for control i In use for more O?rlc;\r::::ge of Canada | States | MeXic 3 ,Paciﬁc countries
on the business | Inuse than 2 years ry
unit (plant) floor 01312 01314
1 Yes
1 2 3 5 6 7
3 No
01313
Plan to use !
Notinuse 2 within 2 years
ff. Adaptive it United | o] Asia | All other
machine control In use for more States SEIGOR IO R e Coour triss
In use d than 2 years
01322
2 3 4 5 6 7
Notinuse 2 within "2 years Yes
3 No
gg- Human Machine rzsi";ce Therest | United | . | ¢ | Asia | Allother
Interface (HMI) In use for more | PIRELCS | of Ganada | States PE | Pacific | countries
with coordinated | Inus than 2 years ry
motion control 01332 01334
1 Yes
} 1 2 3 4 5 6 7
3 No
0133
Plan to use
Notinuse 2 within 2 years 1 Yes
3 No
hh. Computer 01341 vour | Therest | United | oo oo Asia | Allother
Integrated . In use for more Dt itory| 0T Canada | States H Pacific | countries
Manufacturing In use than 2 years Ty
(CIM) 01342 01344
1 Yes 1
1 2 3 4 5 6 7
3 No J
01343
. Plan to use
Notinuse °* within 2 years i Yes
3 No
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Lacatian of your supplier(s) of this technolagy

(Please check all that apply)

ii.  Supervisory 01351 Your | The rest | United . Asia | Allother
Gontrol ] In use for more prtﬁvmtce of Canada | States Hieaes Eind Pacific | countries
and Data In use => | than 2 years OILEITLony
Acquisition i Ak
(SCADA) 1 Yes 1

1 2 3 4 5 6 7
3 No f
Plan to use o1ese
Notin use *° =>» | within 2 years 1 Yes
3 No
ii.  Process control YOUr |y rest | United : Asia | All other
software 4 In use for more prlow!;ce of Canada | States o % acific | countries
In use =>» | than 2 years L e
01362 01364
1 Yes }
1 2 3 5 6 7
3 No
Plan to use e
Notinuse 2 => | within 2 years L Yes
3 No

kk. Digital, remote United | oo | Europe | Asiz | Al other
controlled 1 In use for more States P Pacific | countries
process plant In use = | than 2 years
control 01372
(e.g. Fieldbus 1 Yes

2 3 4 5 6 7
or Total Process
Control (TPC))
Notin use * Yes
No

Il. Predictive Your | ; .

; e rest | United s Asia All other
process control In use for more | PrOVINCE | ;¢ ryada | - States Mcxioe | S Eurpe Pacific | countries
software and/or | Inuse than 2 years or territory
smart machines 01382 01384

1 Yes
1 2 3 4 5 6 7
3 No
Plan to use ST
inuse 3 = | within 2 years L Yes
3 No

mm. Use 01391 Your : .

1 : The rest | United - Asia All other
inspecti 3 In use for more | PIOVINGE | o canagy | gtates | MOS0 | EUMOPS | pacifc | gounties
data in In use => | than 2 years or territory
manufacturing 01392 01394
control 1 Yes }

1 2 3 4 5 6 7
3 No
Plan to use Gh38
Notinuse ° = | within 2 years 1 Yes
3 Na

If you do not use any of the advanced technologies listed in Question 1=> please go o Question 8.
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Investment in Advanced Technologies

This question explores the intensity of investment in advanced technologies.

2. Over the |ast three years, 2005 to 2007, what percentage of your business unit’s (as described on the
label on the first page of the questionnaire) capital investment in machinery and equipment was spent on
advanced technologies (as listed in Question 1)?

02010 1 0%
& 1% to 5%
3 6% to 10%
4 11%to 15%

2 16% to 25% \/
§ 26% to 50%

i 51% to 75%

8 76% to 100% O

Skill Requirements

The purpose of this question is to provide a general picture oft required as a result of advanced
technology adoption and the effect of new technology on traifin 2ds.

3. Have your business unit’s (as described on the label on the, first page of the questionnaire) employees
received any training pertaining to the adoption of ed technologies in the last three years,
2005 to 20077

03016 1 Yes e No =» Pleas estion 4

&

If YES, please indicate in whi
the adoption of advanced

eifollowing areas training was provided pertaining to
es. Please include both on-site and off-site training.

Please check
all that apply

a. Acquisition c\ ental competencies
13021
i riting, $econd language, counting, calculating)

d. Quality control and improvement skills =

e. Safety skills 03025

f. Business skills

g. Management skills

h. Team building skills

i. Other, please specify: """ Gt
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Development and Implementation of Advanced Technologies

This question seeks information on the process of technological change, specifically, how advanced
technologies are integrated into your business unit.

4. How does your business unit acquire or integrate advanced technologies (equipment and/or software)?

Please check W
all that apply

04001

Please check (v' ) all that apply.

a. By purchasing off-the-shelf advanced technology
(equipment and/or software)

b. By leasing off-the-shelf advanced technology
(equipment and/or software)

¢. By licensing advanced technology

d. By customizing or significantly modifying existing advanced technology

e. By developing new advanced technologies

(either alone or in conjunction with others) O 04005
f. Through merger or acquisition of another firm with advan@ogies 04006

?\

O
N
O
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Sources of Information or Assistance

This question seeks information on the process of technological change including the source of information
or assistance for the adoption of advanced technologies.

5. Please indicate which of the following sources of information or assistance play an important role for
the adoption of advanced technologies in your business unit. Please check (v ) all that apply.

Please check \
. all that apply
INTERNAL to your firm

05001

a. Research

b. Experimental development

¢. Production engineering

d. Corporate head office

e. Related business units

f. Technology watch program

g. Production staff

h. Design staff

i. Sales and marketing services

EXTERNAL to your firm
j- Trade fairs

k. Conferences

|. Publications 050

m. Patents

n. Consultants

0. Service firms

p. Suppliers

. Customers

t. Government laboratories and programs

05021

=

. Trade and industry associations

v. Not-for-profit organizations (excluding trade and industry associations) e

w. Other source (internal or external),
o 050230t 05023
please specify:

X. None of the above 05024
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Results/Outcome of Adoption

This question seeks information on the results of technology adoption.

6. Please rate the impact of the following effects following the adoption of advanced technology

by your business unit.

EFFEGTS

Degree of [mpact

High

Medium

Low

Not
applicahle

Improvement in productivity due to:
a. Reduced labour requirements per unit of output

06001

b. Reduced material consumption per unit of output

c. Reduced set-up time

d. Reduced cycle or processing time

e. Reduced error/rejection rate

Product improvement:
f. New product features

g. Reduced time to market

h. Improvement in product quality

i. Improved satisfaction of client needs

Business unit organization changes:
j- Increased flexibility, customization and/or spe

k. Increased skill requirements

Business unit efficiencies:
l. Increased overall equipment (OEE) lion rate

m. Reduced energy consumpti

n. Reduced energy costs

06014

o. Improved integration a rdination of activities

r. Kee up with competitors

w

. Opening new export markets

06019

—

. Increased ability to respond to customer requirements

06020

©

u. Improved ability to adapt to supplier capabilities

06021

(25}

Other:

v. Reduction of environmental impacts

06022

w

06023txt

w. Other, please specify.

06023

(2]
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Obstacles to Adoption

This question explores the factors that slowed down or caused problems for your business unit during

the process of advanced technology adoption.

7. Please rate the importance of the following obstacles to the adoption of advanced technologies

by your business unit.

OBSTAGLES

Degree of Importance

High

Medium

Low

Nat an
ohstacle

Lack of financial justification due to:
a. Small market size

07001

b. High cost of equipment

c. Cost of capital

d. Availability of capital

e. Little or no cash flow

G

Costs to develop software

. Cost of integration of new technology

g
h. Uncompetitive return on investment (ROI)

i. Cost of training

Human resources:
j. Shortage of skilled workers

k. Worker resistance

Organizational:
|. Organizational rigidity of the firm

m. The decision to adopt is made else firm

and not in the business unit itself

n. Resistance to introduction of ogy

o. Inability to evaluate new tec

p. Difficulty or inability te,integrate new technology
into existing system.\

rvices:

07017

07019

t. Lack of government support services

(including intelligence centres and networks)

07020

(45}

Other:

u. Difficulty integrating technology across the supply chain
(having technologies work concurrently)

07021

o

v. Equipment or technologies unequipped for small lot fabrication

07022

w. Insufficient flexibility of regulations or standards

07023

07024txt

x. Other, please specify.

©
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+

4+
Section B - Advanced Practices
Business Practices
8. Please indicate which of the following practices are regularly used in your business unit.
Please check (v ) all that apply.
Product development il i d
a. Concurrent engineering oen
b. Cross-functional design teams YRl
Manufacturing and control management
c. Electronic work order management
d. Distribution Resource Planning (DRP)
e. Lean Manufacturing
f. Manufacturing Resource Planning (MRPII)/
Enterprise Resource Planning (ERP)
g. Just-in-time (JIT) control
Quality management (including Lean)
h. Continuous improvement (including TQM)
i.  Business unit certification (e.g. ISO9000, ISO14000)
j. Statistical Process Control (SPC) il
k. Quality Management System (QMS)
. Quality Function Deployment (QFD)
m. Six sigma
Supply chain/logistics management
n. Certification of suppliers
o. t (online procurement)
p.
q.
r.
s Management (CRM) (includes order management)
t demand planning software 5
u. £
v. Tn ortation management system
Others
w. Competitive Technological Intelligence (CTI) and benchmarking e
X. Sustainable development strategy/Environmental stewardship plan a8024
y. Product Data Management/Life Cycle Management (PDM/PLM) Ualzy
2. Outsourcing/offshoring L
aa. Collaboration(s)/strategic alliance(s) el
bb. None of the above A8des
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Design Practices

DESIGN ACTIVITIES may include creative problem solving techniques in the development, engineering,
testing and/or communication of designs for products, structures, and/or systems.

9. Do you carry out design activities in your business unit?

ngo1e 1 Yes

g No =>» Please go to Question 11

Design Practices Expenditures "

10. What percentage of your business unit’s total expenditures (dollar value) in 2 ydesign
activities? Please provide your best estimate.

10001
% O

3]
a. What proportion of these expenditures was in-house (in your bus @ 7 /o

b. What proportion of these expenditures was by other busing§s Uit 10102 5
or operations of your larger firm? /o

c. What proportion of these expenditures was for exter uired design services 10103 .
(not carried out by other business units or opera your larger firm)? /o

O
N
O
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Section C - Emerging Technologies

Geomatics/Geospatial Technologies

Geomatics is the science and technology of gathering, analyzing, interpreting, distributing and using
geographic information. Geomatics encompasses a broad range of disciplines that can be brought together to
create a detailed but understandable picture of the physical world and our place in it. The disciplines include:
surveying, mapping, remote sensing, geographic information systems, and global positioning systems.

Geospatial technologies refer to hardware and software systems that relate and display data of geographic,

spatial or location nature. The technology helps to increase the speed of data interpretation and analysis for
geomatic research.

11. Please indicate ( v') whether the following geomatics/geospatial technologies are in use i business
unit. If in use, please indicate if it has been in use for more than two years in your business unit. If not
in use, please indicate if you plan to use it within two years in your business unit. V

a. Geographic Information Systems (GIS) 7’ 1 In used™ag 1012 4 =0
In use 2 | than @ "2
o

- to use A Yes
Not in use 2 years
8 No
b. Global Positioning System (GPS) ( In use for more = Yas
In use L & than 2 years

-
\ 3 No
5 Plan to use 0230 Yes

within 2 years

3 No
c. Remote Sensing (RS) g Inuse formore " 1 Yes
= | than 2 years 5
No
i Plan to use i Yes
O Not in use => | within 2 years
3 No
If no f bove three geomatics/geospatial technologies
ared e our business unit P Please go to Question 13
12. |n reference. t matics/geospatial technologies which you indicated are in use in your business
unit in , please indicate their purpose. Please check (v ) all that apply.

Please check
all that apply

a. Planning (visualization)

b. Monitoring supply (including harvesting and extraction activities)

¢. Monitoring input or work in process materials in the business unit

d. Monitoring distribution of outputs

12005t 12005

e. Other, please specify:
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Biotechnologies

Biotechnology is defined as the application of science and engineering in the direct or indirect use of living
organisms in their natural or modified forms in an innovative manner in the production of goods and services

or to improve existing processes.

Biotechnologies can be grouped in the following types: DNA (the coding); proteins and molecules (the
functional blocks); cell and tissue culture and engineering; process biotechnologies; sub-cellular organisms
e.g. gene therapy, viral vectors; others (bioinformatics, nanobiotechnologies, environmental biotechnology,

other). For the purpose of this survey, do not include fermentation for beer, bread, cheese or yogurt.

13. Please indicate (v') whether you are using (in use) or are not currently using (not in use)
biotechnologies in your business unit. If you are currently using biotechnology, please i

() if it has been in use for more than 2 years in your business unit. |f you are not
biotechnologies please indicate (v') if you plan to use it within 2 years in your bus

DNA, proteins and molecules,

cell and tissue culture and engineering,
process biotechnologies,

sub-cellular organisms, and others

{do not include fermentation for beer,
bread, cheese or yogurt).

In use :

Not in use

>

rrently Using
x.l’ﬂ.

In us Yoe
than @
No
to use 218 Yes
2 years
No

O
\J

O

N\
v
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Nanotechnologies

Nanotechnology is the manufacturing of devices and products from molecular or nano-scale components
with extraordinary properties. One nanometre (1 nm) is one billionth of a metre (000000001 m), 3 to 4 atoms
wide. Examples of nanotechnology include: nanoparticles, nanomaterials, nanocoatings, nanostructures,
nanosystems, nanophotonics, nanoelectronics, nanomedicine, nanobiotechnology.

14. Please indicate (v') whether you are using (in use) or are not using (not in use) the following
nanotechnologies in your business unit. [f you are using the nanotechnology, please indicate if

it has been in use for more than 2 years in your business unit. If you are not currently usmg the

nanotechnology please indicate (v') if you plan to use it within 2 years in your business uni

a. Nanomaterials i In use for more Yes
(includes both organic and inorganic In use than 2 years
nanocomposites, nanopowders,
nanoparticles, nanocoatings, carbon Plan to
nanotubes) Not in use withinf® ye
3 No
b. Nano-devices, including sensors, NEMS, e use formore il Yes
and nano-enabled MEMS In use 2 years 3 No
. an to use o Yes
Not in use within 2 years -
\ No
c. Nanoelectronics, including photonics, In use for more oo Yes
nano-optical devices/sensors or In use than 2 years 3 No
light emitters
Plan to use o Yes
ot within 2 years 3
No
d. Nano-enabled industrial processes = In use for more = 1 Yes
(e.g. nano-enabled catalysts) includi Inuse than 2 years 3 N
systems such as nanofabrication
Plan to use 1 Yes
Not in use within 2 years
3 No
e. Nano-enabled industri = In use for more S Yes
In use than 2 years
3 No
' Plan to use ;i 1 Yes
Not in use within 2 years
3 No
£ N v Inuse formore %% 1 Yes
In use than 2 years
2 3 No
, Plan to use A Yos
Not in use within 2 years "
= No
g. Nano-tools, hardware, instruments e In use formore 1'% Yes
In use than 2 years R
and software Y 3 oS
. Plan to use Ll o Yes
Not in use within 2 years -
= No
Page 20
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15. Please indicate (v') whether you are developing, the following nanotechnologies (as listed in Question 14)

in your business unit. Please check (v ) all that apply.
Please check W
( all that apply |

a. Nanomaterials {includes both organic and inorganic nanocomposites, .

nanopowders, hanoparticles, nanocoatings, carbon nanotubes)

b. Nano-devices, including sensors, NEMS, and nano-enabled MEMS B

= . : . . . . 15003
c. Nanoelectronics, including photonics, nano-optical devices/sensors or light emitters : 4

d. Nano-enabled industrial processes (e.g. nano-enabled catalysts) S
including systems such as nanofabrication e

e. Nano-enabled industrial products

f.  Nano-enabled consumer products including cosmetics and health care products

g. Nano-tools, hardware, instruments and software

15008

h. None of the above

N

N
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Section D - General Questions

Success Factors

This question collects information on business success factors.

16. Please rate the importance of the following factors for the success of your business unit.

SUCCESS FACTORS

Degree of Importance

High

Medium

Low

Not
applicahle

Products and marketing
a. Developing new products (goods or services)

b. Improving existing products (goods or services)

c. Entering new markets

Process

d. Developing new methods of manufacturing
or producing products

e. Improving existing methods of manufacturing
or producing products

f. Introducing new logistics, delivery or distribution methods
for your inputs or products (goods or services)

.

methods for your inputs or products (goods or services)

h. Introducing new supporting activities for processes su
as maintenance systems or operations for purch N
accounting or computing

g. Introducing significantly improved logistics, delivery or dist%& :

i. Introducing significantly improved supporti
for processes such as maintenance sy:
operations for purchasing, accounting o

j. Reducing manufacturing costs

k. Developing new manufactu hnology(ies)

|. Using new materials

w product development

m. Reducing cycle time¥or
and market introducti

Financial resources
g. Securing funding from conventional sources (i.e. banks)

16017

r. Securing support from venture capitalists

16018

o3

s. Securing support from angel investors/family

16019

t. Securing government support funding

16020

o

Other

u. Implementing new information and communications
technologies (ICT)

6021
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Innovation

Innovation is vital for economic growth and development. Responses to these questions will allow an
exploration of the relationship between advanced technology use and innovation.

17. A PRODUCT INNOVATION is the market introduction of a new good or service or a significantly
improved good or service. The innovation (new or improved) must be new to your business unit. Exclude
the simple resale of new goods purchased from other business units and changes of a solely aesthetic
nature (i.e. colour change, model change, label change, etc.).

During the last three years, 2005 to 2007, did your business unit introduce?

e e\
A%

O

a. New or significantly improved goods? (-

b. New or significantly improved services?

18. During the last three years, 2005 to 2007, were ANY of your ne
(goods or services) introduced by your business unit:

\O Yes No Do not know
18001 1 3 0

ificantly improved products

a. A first in your province/territory?

b. A first in Canada?

¢. A first in North America?

18004 1 3 0

d. A world first?

O

e implementation of a new or significantly improved production
support activity for your goods or services. The innovation (new or
ur business unit.

19. A PROCESS INNOVATIONys

process, distribution
improved) must be n;&

During the la:

ears, 2005 to 2007, did your business unit introduce?

Yes

a.dNewgor ificantly improved methods of manufacturing
ofproducing goods or services?

19001

b. New or significantly improved logistics, delivery or distribution
methods for your inputs, goods or services?

19002

¢. New or significantly improved supporting activities for your
processes, such as maintenance systems or operations
for administration, purchasing, accounting, or computing?

19003
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20. During the last three years, 2005 to 2007, were ANY of your new or significantly improved processes
introduced by your business unit:

Yes No Da not know
a. A first in your province/territory? 20001 1 8 0
b. A first in Canada? 20002 1 3 0
c. A first in North America? AL 1 8 0
d. A world first? 20004 1 3 A‘

N\

21. An ORGANIZATIONAL INNOVATION is the implementation of new or signific

n s in your firm or
: our business unit’s

methods to increase the appeal of your goods or services or to en

During the last three years, 2005 to 2007, did your business uce:
«\ Yes No
ORGANIZATIONAL INNOVATION

a. New or significantly improved knowledge managem ystems
to better use or exchange information, knowled kills =GRt -
within your firm

b. Major changes to the organization of IPyour enterprise,
such as changes in the management sttlicture or integrating  s1002 1 3
different departments or activiti

c. New or significant changes il e: elations with other firms
or public institutions, su ough alliances, partnerships, */%% | 1 8

de routine/ seasonal changes such as =18 B 2

et sales, franchising, direct sales or 21102 1 3
istribution licenses
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Research and Development (R&D)

These questions will provide data on the type of involvement in R&D and intensity of R&D being carried out

in the business unit.

22. Please indicate (v) the categories below which describe your business unit’s involvement in R&D
activities during the last three years, 2005 to 2007. Please exclude quality control, routine testing,

style changes, minor adaptations and market research. Please include technological advances
accomplished by operating personnel. Please check (v') all that apply.
Please check

\ all that apply

a. Research and development (R&D) activities within your organization, 22001
performed by your business unit

b. R&D performed on your behalf by other business units or R&D laboratories
that are part of the larger firm to which your business unit belongs

c. R&D performed by other business units that are part of your larger firm
(exclude R&D performed on your behalf as described in option b above)

d. Development of new products (goods or services) or processes
using operating personnel in your business unit

e. R&D performed by your business unit jointly with other busin Q
that are not part of your larger firm &
by public 20

lic 22006
ess unit

f. Contracting out R&D services performed by other firi
or private research organizations and purchased

d. None of the above

23. Please provide your best esti
in 2007 who were involved i

involved in quality control,g i
23001
%

e testing, style changes, minor adaptations and market research.
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General Information

24. Please indicate (v') the location of the head office of your controlling firm
(all business units and operations in Canada or in other countries that comprise your company).

Please check (v ) one option only.
Please check w
one option only

g . 24001
a. |nyour province/territory

24002

b. In the rest of Canada
c. United States 24003 4
d. Mexico 24004 V

e. Europe s
f. Asia Pacific 24008 O

g. All other countries

25. Please provide your best estimate of the percentage of \‘ ess unit’s total revenue that came
from the sale of products (goods or services) to cIien% owing geographical markets in 2007.

a. In your province/territory “V . %

\‘ 25002

b. In the rest of Canada %
c¢. United States O e %
d. Mexico e %
e. Europe Jt; %
f. AsiaP %
/ Cu"triES e %
TOTAL 100 %
( . =
Please make a copy for your records which may be referenced
S if we need to follow-up with any specific issues. Thank you.
4 Please return the completed survey in the enclosed return-envelope.
S Thank you very much for your participation. b
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8.2 Appendix Il: Survey Sample

Table 1A: Forest Sector Coverage in 2007 Survey of Advanced Manufacturing

Technology by NAICS code

NAICS

2007

Industry

Population

Sample

Coverage

Response

Number of
Firms

Forest Sector

2,306

1,760

76.3%

75.5%

1,328

1133

Logging

373

373 100.0%

79.9%

248

321

Wood product
manufacturing

1,423

1,003

70.5%

74.2%

745

3211 | Sawmills and
wood

preservation

514

360 70.0%

68.9%

248

3212 | Veneer,
plywood and
engineered
wood product

manufacturing

249

224 90.0%

80.3%

180

3219 | Other wood
product

manufacturing

660

419 63.5%

75.4%

317

322

Paper
manufacturing

510

384 75.3%

74.5%

286

3221 | Pulp, paper and
paperboard

mills

143

138 96.5%

69.9% 97

3222 | Converted
paper product

manufacturing

367

246 67.0%

77.0%

189

Source:

Statistics Canada (2008)

Table 2A: Survey of Advanced Technology 2007 - Estimation

Symbol Meaning Coefficient of Standard Error
variation
A Very reliable <5.0% <2.5%
B Reliable >5.0% and <15.0% >2.5% and <7.5%
E Use with caution >15.0% and <30.0% | >7.5% and <15.0%
F Too unreliable to be published >30.0% >15.0%
Source: Statistics Canada (2008)
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8.3 Appendix Il1: Interview Code List

Code

| Description

| Example Quotation

Pre-installation

Need Identification

The factors that help forest
sector firms identify new
technology needs

“Basically what we do is we go
through a feasibility study. We look at
what’s a good fit for our —
geographically you gotta look at what
is a good fit — what is something you
can market and sell, and what is a
good fit.” (Interview #2, P.3)

Technology
Background

Information about the type of
technology the firm is adopting

“The technology is basically a
distillation process that will take this
unrefined methanol and upgrade it to
what we call — you can just use the
word | guess — ‘commercial grade
methanol’” which we could then use.”
(#2,P.2)

Goals

The goals the firm wishes to
achieve in adopting and using
the new technology

“When you have built-in inefficiencies
[in your process cycle], because you
have a waste product, to make the
process more efficient, you need to
find something to do with that waste
product. You always want to be
increasing efficiency, you never want
to have something in your production
cycle where you are actually
encouraging inefficiency because you
have excess.” (Interview #1, P.2)

Top Management
Support

Managerial involvement in the
implementation of a new
technology

“With that particular project my role
was right from the beginning to end. It
began as an idea, and really, the
beginning of the idea was, we saw a
waste stream (...) my role there was
all the way from the initial
investigation of what we could do,
what we could use that heat for. Right
up to today, the investigation of the
options, the hiring of a firm to do a
feasibility study, the engineering, so |
oversaw these things. Hiring an
engineering firm to do all the
engineering. The negotiation of hydro
agreements and purchase agreements
and funding agreements with NRCan
and installation and I’m the President
of the new company we set up. With
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that particular one, | have been
completely involved right from the
start.” (#1, P.1)

Employee Training
and Involvement

The training employee’s receive
before and during the
implementation of the
technology. The employees were
involved in the technology
adoption process

“We had budgeted and set up onsite
training and we trained all of the
individuals and the chemical recovery
utilities folks that have to operate this.
They were all trained at one point.
Halfway through the project, when we
were starting up one phase, the people
in the area were trained and as we
were getting closer to the start-up, we
assigned key individuals from
operations to be part of a team.” (#2,
P.5)

Installation and Commissioning

Challenges:
Regulations

The bureaucratic and regulatory
challenges a firm faces when
implementing a new technology

“Power generation in British
Columbia is regulated by a public
utility, a huge public utility. And, there
was an enormous amount of...um...I
don’t want to call it bureaucracy or red
tape...(Laughs)...design process, and
rightly so. When you are looking at
generating power onto the grid in
British Columbia it’s a very
complicated thing.” (#1, P.5)

Challenges: Financing

Lack of finance/ Difficulty in
accessing finance to purchase
and implement a new technology

“I would say we probably wouldn’t
have been able to [adopt the
technology] without the NRCan
funding and Hydro funding.” (#1, P.7)

Challenges: Lack of
qualified personnel

The challenges a firm faces in
finding qualified personnel to
implement the new technology

“Where there used to be lots of
engineer that we would call upon, and
trades people, they have in the last 5
years, because there haven’t been
many projects in the forestry industry,
they have gone to the mines and oil
and gas. So, when we actually went to
get crews to do the installation, we
found it very difficult.” (#1, P.6)

Enabler: Financing

Financial support received from
outside sources, such as the
federal or provincial government

“The project is a $10 million project.
We received half of that funding, $5
million, from the IFIT program. The
Alberta government provided $1.5
million towards what they call
“infrastructure” for any new green
technology, they are trying to
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support...you know the risk with this,
there’s no guarantees. Without the
IFIT support, in reality when you look
at it, they helped us to take the next
step.” (#2, P.6)

Enabler: Support from
institutions

The (non-financial) support
received from outside sources,
such as the federal or provincial
government

“From the IFIT perspective, the people
they hired are very professional and
they were very supportive. From our
perspective, [ can’t say enough about
that. We received their support and
they have the right people in place.
The right people to evaluate and their
support has been great.” (#2, P.6)

Diversification

An expansion or change in the
firm’s operations as a result of
the technology adoption

“We were creating a sort of a brand
new direction for the company, for the
production of energy, we had never
done that before. And we were going
to use that company to seek additional
opportunities in energy creation.” (#1,
P.3)

Post-commissioning

High Performance
Orientation

The firm is seeking more
innovation and efficiency as a
result of the technology adoption

“We found that once we put the turbo
generator in, not only did it up the
excess heat, but our employees are
now looking for more ways to be
efficient in the delivery of the heat
from the original system, so we are
trying to be more efficient in how we
deliver heat from the kilns, because
that leaves more heat for the [power]
generation.” (#1, P.3)

Improved Profile

The firm gained a positive
reputation in the industry as a
result of the technology
adoption. Other firms are trying
to emulate its success

“We also received a lot of profile in
our industry by being the first ones to
do this. There are a number of other
firms that are sort of copying it now.”
(#1,P.7).

Employee Pride

Employee pride in the new
technology

“When you said the firm-wide
initiative, that brings to mind the pride
of the employees, because they had
something new — proud of it.” (#1,
P.4)
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8.4 Appendix IV: Survey Tables

Table 3A: Percentage of capital investment in machinery and equipment spent on
advanced technologies during the three years 2005 to 2007

Logging |Wood Product | Paper |Forest Sector

Adopter | Adopter Adopter | Adopter ICT Adopter
0% 45.5 22.0 21.2 25.4 10.9
1% to 5% 32.0 36.5 35.9 35.6 37.3
6% to 10% 8.3 12.0 18.2 13.0 13.0
11% to 15% 1.9 7.3 6.5 6.3 6.9
16% to 25% 6.1 7.3 4.6 6.4 8.6
26% to 50% 5.8 6.6 6.2 6.3 8.2
51% to 75% 0.0 5.6 3.2 4.2 8.9
76% to 100% 0.5 2.8 4.1 2.7 6.1

Source: Statistics Canada (2008)
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Table 4A: Percentage of business units involved in R&D activities during the three years, 2005 to 2007

Logging

Wood

Paper

Forest
Sector

ICT

manufacturing

AT user

AT non-
user

AT user

AT non-
user

AT user

AT non-
user

AT user

AT non-
user

AT user

AT non-
user

Percentage of business units involved
in R&D activities

23.0

6.3

55.0

18.0

74.2

43.7

54.8

12.9

86.8

51.8

Research and development (R&D)
activities within the organization,
performed by the business unit

16.6

15

42.1

13.6

58.3

37.0

42.2

8.2

80.3

35.7

R&D performed on the behalf by other
business units or R&D laboratories that
are part of the larger firm to which the
business unit belongs

6.0

14

12.3

1.0

24.8

0.0

144

1.2

18.4

15.7

R&D performed by other business
units that are part of the larger firm
(exclude R&D performed on the behalf
as described in option b above)

3.8

0.0

6.0

1.5

16.8

0.0

8.3

0.7

13.1

5.3

Development of new products (goods
Or services) or processes using
operating personnel in the business unit

11.0

4.2

30.7

9.5

43.5

18.2

30.8

7.1

66.0

21.5

R&D performed by the business unit
jointly with other business unit(s) that
are not part of the larger firm

5.0

0.0

8.3

54

16.0

0.0

9.7

2.4

21.7

0.0

Contracting out R&D services
performed by other firms or by public
or private research organizations and
purchased by the business unit

5.7

0.0

9.7

0.0

16.3

0.0

10.7

0.0

21.9

5.7

None of the above

77.0

93.7

45.0

82.0

25.8

56.3

45.2

87.1

13.2

48.2

Source: Statistics Canada (2008)
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Table 5A: Type of Advanced Technology Adopted

Logging Wood Paper Forest Sector |ICT
Adopter Adopter Adopter Adopter Adopter
Design, engineering and virtual manufacturing 24.0 64.0 65.5 58.1 87.6
Processing, fabrication and assembly 21.1 52.5 39.1 44.3 57.0
Inspection 11.7 29.0 41.9 29.5 31.2
Communications 92.0 93.9 96.7 94.3 98.2
Automated Material Handling 20.2 31.4 51.2 34.5 42.6
Integration and Control 44.9 66.5 79.1 66.2 74.2
Source: Statistics Canada (2008)
Table 6A: Number of Technologies Adopted
Logging Wood Product Forest Sector
Adopter Adopter Paper Adopter | Adopter ICT Adopter
1-4 68.8 29.9 21.3 33.8 13.7
5-9 19.9 29.1 28.1 27.4 32.2
10- 14 4.4 24.4 22.8 20.9 217.7
15-20 3.9 11.3 20.4 12.4 18.4
20 + 3.1 5.3 7.4 5.5 8.0

Source: Statistics Canada (2008)
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Table 7A: Business Practices Employed (Advanced Tech Users vs. Advanced Tech Non-Users)

Forest Sector

All Manufacturing

ICT

Manufacturing

AT user AT non-user AT user AT non-user | AT user AT
non-
user

Product development 33.2 2.6 45.6 6.6 73.3 335
Concurrent engineering 17.7 0.4 29.6 35 60.0 335
Cross-functional design teams 25.1 2.6 35.9 4.9 59.7 28.6
Manufacturing and control 62.8 9.8 735 22.3 78.7 49.4
management

Electronic work order management 38.2 3.6 48.0 10.5 60.6 49.4
Distribution Resource Planning (DRP) 10.4 0.4 125 1.9 15.3 7.6
Lean Manufacturing 29.8 3.5 35.5 5.7 394 19.2
Manufacturing Resource Planning/ 20.7 0.4 32.2 34 52.3 30.0
Enterprise Resource Planning

Just-in-time (JIT) control 25.2 3.7 33.1 10.6 34.3 19.2
Quality management (including Lean) | 64.4 16.8 69.7 254 82.1 43.0
Continuous improvement (including 43.7 121 49.5 141 59.4 23.7
TQM)

Business unit certification 34.5 6.7 39.2 11.8 54.7 43.0
Statistical Process Control (SPC) 18.2 0.4 21.9 1.9 28.6 19.2
Quality Management System (QMS) 35.4 3.0 40.9 11.7 51.7 28.6
Quality Function Deployment (QFD) 8.2 0.4 10.6 1.0 12.0 7.6
Six Sigma 7.2 0.4 10.7 0.7 13.5 11.6
Supply chain/logistics management 58.6 8.6 69.0 20.8 80.7 43.6
Certification of suppliers 28.7 2.0 40.0 14.2 56.8 43.6
E-sourcing/ E-procurement

E-based design/engineering 20.2 4.4 26.1 6.8 42.9 19.2
On-line trading (bartering) 5.4 0.4 8.0 0.7 11.3 7.6
Warehouse Management System (WMS) | 3.2 0.4 3.2 0.8 3.8 7.6
Customer Relationship Management 194 1.2 19.1 1.6 20.2 17.4
Use of forecasting/demand planning 19.9 1.2 25.1 4.0 40.2 16.1
software 185 1.1 25.7 1.4 33.7 121
Advanced Planning and Scheduling 16.1 0.4 20.6 2.3 23.2 19.2
Transportation management system 19.8 0.8 15.6 2.3 8.0 7.6
Others 34.1 29 40.1 6.5 62.9 35.0
Competitive Technological Intelligence 7.1 0.4 7.8 0.7 11.2 125
(CTI) and benchmarking

Sustainable development 19.2 0.8 9.9 1.4 7.2 7.6
strategy/Environmental stewardship plan

Product Data Management/Life Cycle 4.4 0.4 9.0 1.1 18.7 19.2
Management (PDM/PLM)

Outsourcing/Off shoring 12.3 1.6 245 4.7 46.3 18.4
Collaborations(s)/strategic alliance(s) 12.1 2.5 17.9 2.3 37.1 24.2

Source: Statistics Canada (2008)
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Table 8A: Business Units Providing Training as a Result of Adoption
Logging |Wood |Paper Forest Sector | ICT
Adopter | Adopter | Adopter | Adopter Adopter
Business Units Providing Training as a
Result of Adoption 47.5 59.4 62.2 58.2 69.8
Source: Statistics Canada (2008)
Table 9A: Type of Training Provided
Logging | Wood Paper Forest Sector |ICT
Adopter | Adopter | Adopter | Adopter Adopter
Acquisition of fundamental
competencies 13.2 14.6 18.2 15.3 214
Computer literacy 65.2 64.8 66.6 65.3 62.2
Technical skills 74.5 82.6 83.4 81.8 87.3
Quality control and improvement
skills 50.9 60.0 69.1 61.3 63.8
Safety skills 75.3 68.3 67.3 68.9 66.0
Business skills 24.8 22.4 24.1 23.2 34.2
Management skKills 32.9 40.1 42.1 39.7 41.8
Team building skKills 41.8 40.0 39.5 40.1 37.4

Source: Statistics Canada (2008)
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Table 10A: Importance of the following obstacles to the adoption of advanced
technology (Advanced Technology Adopters)

Forest Sector

All Manufacturing

ICT Manufacturing

Lack of financial justification 93.0 92.4 95.8
Small market size 63.9 68.2 74.2
High cost of equipment 88.8 87.4 91.7
Cost of capital 85.9 84.1 88.6
Availability of capital 82.8 80.1 85.0
Little or no cash flow 71.2 68.9 725
Cost to develop software 69.5 67.3 76.0
Cost of integration of new technology 82.3 81.7 85.4
Uncompetitive return on investment 77.5 78.1 81.2
Cost of training 80.6 78.5 78.7
Human resources 80.7 83.3 83.1
Shortage of skilled workers 79.6 81.0 80.8
Worker resistance 71.4 72.2 68.6
Organizational 82.7 82.5 84.3
Organizational rigidity of the firm 63.6 65.5 64.2
The decision to adopt is made elsewhere 47.8 44.9 40.6
in the firm and not in the business unit

itself

Resistance to introduction of new 59.0 60.6 59.2
technology

Inability to evaluate new technology 62.9 63.7 63.4
Difficulty or inability to integrate new

technology into existing system 71.0 71.6 73.7
External support services 78.9 76.5 78.5
Lack of technical support or services 69.7 68.8 70.6
(from service firms, consultants or

vendors)

Lack of private support (programs) for 63.6 64.0 64.3
training

Lack of government support for training 64.0 63.8 65.4
Lack of government support services 62.4 61.7 64.4
(including intelligence centres and

networks)

Other 711 71.2 80.6
Difficulty integrating technology across 63.8 61.0 63.5
the supply chain (having technologies

work concurrently)

Equipment or technologies unequipped for | 56.9 61.4 72.9
small lot fabrication

Insufficient flexibility of regulations or 52.3 53.5 57.1
standards

Other 0.9 1.3 0.7

Source: Statistics Canada (2008)
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Table 11A: Obstacles to AMT Adoption Forest Sector

Logging

Adopter Wood Adopter | Paper Adopter | Forest Sector Adopter
Lack of financial
justification 81.8 93.1 92.9 93.0
Human Resources 77.4 81.9 77.6 80.7
Organizational 63.5 82.9 82.4 82.7
External Support Services 63.8 79.6 77.5 78.9
Other 52.1 71.7 69.6 71.1

Source: Statistics Canada (2008)
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Table 12A: Novelty of Innovation in Manufacturing Sectors (Advanced Tech Users vs. Advanced Tech Non-Users)

Forest Sector

All Manufacturing

ICT Manufacturing

AT user AT non-user AT user AT non- AT user AT non-user
user

New or significantly improved products 40.8 11.6 59.7 24.1 80.0 14.3
Goods 35.2 6.2 54.4 20.8 76.3 7.6
Services 20.7 9.3 28.0 14.1 33.9 14.3
Novelty of new or significantly improved
products (goods/services) introduced
Only firm first 62.4 83.6 51.5 71.2 33.8 X
First in province but not first in Canada 135 14.3 9.7 9.5 3.2 X
First in Canada but not first in North America 7.7 0.0 11.5 10.5 12.9 X
First in North America but not first in world 121 2.1 12.9 5.1 12.5 X
World first 4.4 0.0 14.4 3.7 37.7 X
New or significantly improved processes 48.0 8.2 51.3 15.9 52.2 10.7
Manufacturing methods 37.7 6.2 42.9 144 41.4 5.7
Logistics, delivery or distribution methods 13.0 13 14.4 3.9 15.2 5.7
Support activities for processes 28.3 3.7 28.1 5.9 30.5 10.7
Novelty of new or significantly improved
processes introduced
Only firm first 77.2 87.5 75.7 84.1 78.2 X
First in province but not first in Canada 9.8 0.0 7.1 1.6 5.3 X
First in Canada but not first in North America 4.0 0.0 6.2 10.7 35 X
First in North America but not first in world 6.1 8.1 6.7 1.3 4.3 X
World first 3.0 4.4 4.3 2.3 8.6 X
Novelty of new or significantly improved
products or processes introduced
First in province 34.7 17.1 45.0 25.8 63.3 X
First in Canada 22.0 6.7 35.7 18.1 60.0 X
First in North America 151 6.7 24.9 8.0 47.4 X
World first 4.2 2.4 12.6 3.4 35.6 X
Organizational innovations 43.9 7.2 47.7 15.7 59.5 225
Knowledge management 26.1 3.1 28.3 9.1 35.8 17.4
Organization of work 334 54 35.2 11.0 43.0 17.4
External relations 16.7 34 21.6 6.6 33.6 5.0
Marketing innovations 17.3 2.9 23.1 8.9 334 5.0
Design or packaging 12.0 2.9 16.5 6.2 25.1 0.0
Sales or distribution methods 11.2 1.3 145 4.8 21.0 5.0

Source: Statistics Canada (2008)
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Table 13A: Novelty of Innovation in Forest Sub-Sectors (Advanced Tech Users vs. Advanced Tech Non-Users)

Forest Sector Logging Wood Product Paper
AT user AT non-user AT user AT non-user AT user AT non-user | AT user | AT non-user

New or significantly improved products 40.8 11.6 20.4 9.2 42.8 12.8 48.7 29.7
Goods 35.2 6.2 12.6 1.4 36.8 9.9 45.7 29.7
Services 20.7 9.3 16.9 9.2 21.8 8.6 20.5 44.5
Novelty of new or significantly improved
products (goods/services) introduced
Only firm first 62.4 83.6 69.5 91.5 70.0 78.3 44.3 X
First in province but not first in Canada 135 14.3 17.3 8.5 14.2 21.7 10.9 X
First in Canada but not first in North America 7.7 0.0 5.3 0.0 45 0.0 155 X
First in North America but not first in world 121 2.1 7.9 0.0 94 0.0 19.0 X
World first 4.4 0.0 0.0 0.0 1.9 0.0 10.7 X
New or significantly improved processes 48.0 8.2 27.5 7.0 50.3 8.7 55.5 18.2
Manufacturing methods 37.7 6.2 155 3.8 41.3 8.0 43.0 18.2
Logistics, delivery or distribution methods 13.0 1.3 6.6 0.5 14.2 1.7 14.2 6.7
Support activities for processes 28.3 3.7 18.4 3.7 30.2 2.5 29.9 18.2
Novelty of new or significantly improved
processes introduced
Only firm first 77.2 87.5 73.3 100.0 80.1 90.9 71.8 X
First in province but not first in Canada 9.8 0.0 13.0 0.0 9.6 0.0 9.2 X
First in Canada but not first in North America 4.0 0.0 0.0 0.0 3.2 0.0 7.0 X
First in North America but not first in world 6.1 8.1 9.0 0.0 51 0.0 7.5 X
World first 3.0 4.4 4.7 0.0 2.0 9.1* 4.6 X
Novelty of new or significantly improved
products or processes introduced
First in province 34.7 17.1 29.0 6.4 30.3 20.9 55.5 18.2
First in Canada 22.0 6.7 15.4 0.0 16.0 4.7 43.0 18.2
First in North America 15.1 6.7 12.2 0.0 11.2 4.7 14.2 6.7
World first 4.2 2.4 3.8 0.0 2.4 4.7 29.9 18.2

Source: Statistics Canada (2008)
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Table 14A: Product Innovations Forest Sector (Advanced Tech User vs. Non-User)
Logging Wood Paper Forest Sector
AT non- AT non- AT non- AT non-
AT user |user AT user |user AT user |user AT user |user

Only firm First 69.5 91.5 70.0 78.3 44.3 X 62.4 83.6
First in Province or Territory but not first in Canada 17.3 8.5 14.2 21.7 10.9 X 135 14.3
First in Canada but not North America 5.3 0.0 4.5 0.0 15.1 X 7.7 0.0
First in North America but not in the world 7.9 0.0 9.4 0.0 19.0 X 12.1 2.1
World 0.0 0.0 1.9 0.0 10.7 X 4.4 0.0
Source: Statistics Canada (2008)

Table 15A: Process Innovations Forest Sector (Advanced Tech User vs. Non-User)

Logging Wood Paper Forest Sector
AT non- AT non- AT non- AT non-
AT user user AT user |user AT user user AT user | user

Only firm First 73.3 100.0 80.1 90.9 71.8 X 77.2 87.5
First in Province or Territory but not first in

Canada 13.0 0.0 9.6 0.0 9.2 X 9.8 0.0
First in Canada but not North America 0.0 0.0 3.2 0.0 7.0 X 4.0 0.0
First in North America but not in the world 9.0 0.0 5.1 0.0 7.5 X 6.1 8.1
World 4.7 0.0 2.0 9.1 4.6 X 3.0 4.4

Source: Statistics Canada (2008)
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Table 16A: Impacts of the effects following the adoption of advanced
technology (Advanced Technology Users)

Forest All ICT

Sector Manufacturing | Manufacturing
Improvement in Productivity 81.8 84.3 86.2
Reduced labour requirements per unit | 73.3 76.8 78.4
of output
Reduced material consumption per 66.2 68.1 65.7
unit of output
Reduced set-up time 70.0 72.6 71.3
Reduced cycle or processing time 73.1 76.0 76.6
Reduced error/rejection rate 73.7 77.5 78.6
Product improvement 80.3 83.8 88.4
New product features 54.6 62.0 73.5
Reduced time to market 55.5 62.1 75.8
Improvement in product quality 76.2 79.2 86.0
Improved satisfaction of client needs | 75.6 78.9 85.3
Business unit organization changes | 77.2 81.3 83.9
Increased flexibility, customization
and/or specialization 69.6 73.6 79.5
Increased skill requirements 74.0 78.6 81.1
Business unit efficiencies 79.2 81.4 81.8
Increased overall equipment (OEE)
utilization rate 68.4 715 68.2
Reduced energy consumption 62.1 63.4 59.5
Reduced energy costs 61.6 62.7 57.7
Improved integration and
coordination of activities with
suppliers and/or customers 64.2 67.7 74.3
Market performance 84.8 87.2 91.2
Increased market share 59.1 68.2 77.4
Increased profitability 76.8 80.6 85.4
Keeping up with competitors 81.2 82.0 87.0
Opening new export markets 48.9 57.8 71.3
Increased ability to respond to
customer requirements 74.9 80.0 86.1
Improved ability to adapt to supplier
capabilities 58.1 65.8 76.6
Other 55.6 57.4 54.4
Reduction of environmental impacts 55.4 57.3 54.3
Other 1.0 0.5 0.1

Source: Statistics Canada (2008)
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Table 17A: Impacts of Adoption (Forest Sector Innovator vs. Non-Innovator)

Logging Wood Paper Forest Sector
Non- Non- Non- Non-

Innovator Innovator Innovator | Innovator Innovator | Innovator Innovator Innovator
Improvement in productivity 78.5 36.3 94.2 67.1 93.0 56.8 92.1 57.1
Product improvement 78.2 30.2 92.0 65.8 91.8 65.9 90.4 56.3
Business unit organization
changes 73.3 34.7 87.6 64.3 90.9 50.3 86.9 54.0
Business unit efficiencies 78.3 40.2 88.6 65.4 91.4 59.9 88.2 57.8
Market performance 83.2 41.7 93.9 74.7 94.7 72.8 92.9 65.6
Reduction of environmental
impacts 60.9 27.2 60.8 41.2 67.7 43.3 62.8 37.9

Source: Statistics Canada (2008)
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Table 18A: Average percentage of business units' total revenue that came from the sale of products (goods or services) to
clients in different countries

Forest Sector All ICT
Mining Manufacturing sectors
AT non- AT non- AT non- AT non-

AT user user AT user |user AT user user AT user | user
In province or territory 56.1 81.6 60.2 85.2 50.5 70.0 27.2 54.5
In the rest of Canada 13.7 6.3 13.0 6.4 17.3 14.8 14.8 24.5
United States 25.3 10.4 22.8 7.8 25.7 12.3 39.2 17.3
Mexico 0.3 0.0 0.6 0.0 0.9 0.0 1.2 0.0
Europe 1.7 1.4 0.9 0.0 2.3 11 8.7 1.2
Asia Pacific 2.0 0.2 1.0 0.0 1.8 1.4 5.4 2.3
All other countries 1.0 0.1 15 0.6 1.6 0.4 3.6 0.2
Source: Statistics Canada (2008)
Table 19A: Average percentage of business units’ total revenue that came from the sale of products (goods or
services) to clients in different countries (Forest Sector)

Logging Wood Paper Forest Sector

AT non- AT non- AT non-

AT user |user AT user |user AT user |user AT user AT non-user
In province or territory 83.8 90.0 52.4 72.4 47.3 76.6 56.1 81.6
In the rest of Canada 3.6 2.9 15.2 9.7 16.5 11.8 13.7 6.3
United States 11.0 7.1 28.4 14.0 26.7 11.6 25.3 10.4
Mexico 0.0 0.0 0.1 0.1 0.7 0.0 0.3 0.0
Europe 0.3 0.0 1.7 3.1 2.6 0.0 1.7 1.4
Asia Pacific 0.9 0.0 1.3 0.4 4.4 0.0 2.0 0.2
All other countries 0.4 0.0 0.8 0.2 1.7 0.0 1.0 0.1

Source: Statistics Canada (2008)

144



9. References:

Archibugi, D. (2001). Pavitt's taxonomy sixteen years on: a review article. Economics of
Innovation and New Technology, 10(5), 415-425.

Arundel, A., & Sonntag, V. (1999). Patterns of Advanced Manufacturing Technology (AMT) Use
in Canadian Manufacturing: 1998 AMT Survey Results. Research Paper no. 12, Science,

Innovation and Electronic Information Division. Statistics Canada: Ottawa.

Asheim, B., & Gertler, M. (2005). The geography of innovation. The Oxford handbook of
innovation, 291-317.

Baldwin, J. (1999). Innovation, training and success. Available at SSRN 202229, Statistics

Canada.

Baldwin, J., & Lin, Z. (2002). Impediments to advanced technology adoption for Canadian
manufacturers. Research policy, 31(1), 1-18.

Baldwin, J., & Sabourin, D. (2004). The effect of changing technology use on plant performance

in the Canadian manufacturing sector. Economic Analysis (EA) Research Paper, (020).

Baldwin, J., & Gellatly, G. (1998). Are There High-tech Industries Or Only High-tech Firms?:
Evidence from New Technology-based Firms. Analytical Studies Branch, Statistics Canada.

Barge-Gil, A., Jesls Nieto, M. and Santamaria, L. (2011). Hidden innovators: The role of non-
R&D activities. Technology Analysis & Strategic Management, (23)4, 415-432.

Bartelsman, E. J., van Leeuwen, G., & Nieuwenhuijsen, H. R. (1996). Advanced manufacturing
technology and firm performance in the Netherlands. Netherlands Official Statistics, 11, 40-51.

Beede, D. N., & Young, K. H. (1995). Patterns of advanced technology adoption and

manufacturing performance. Business Economics, 33, 43-48.

Benoit, (2008). Canada’s Forest Industry: Recognizing the challenges and opportunities. Report
of the Standing Committee on Natural Resources.

Binkley, C. S. (1995). Designing an effective forest sector research strategy for Canada. The
Forestry Chronicle, 71(5), 589-595.

145



Blomstrém, M., & Kokko, A. (2007). From natural resources to high-tech production: the
evolution of industrial competitiveness in Sweden and Finland. Natural resources: neither curse
nor destiny, 213-56.

Boothby, D., Dufour, A., & Tang, J. (2010). Technology adoption, training and productivity
performance. Research Policy, 39(5), 650-661.

Bowyer, J. L. (2004). Changing realities in forest sector markets. Unasylva, 55(219), 59-64.

Canadian Council of Forest Ministers. (2008). Forest Sector Innovation Framework. CCFM.
Retrieved from http://www.ccfm.org/pdf/FSIF-FINAL_E.pdf

Canadian Forest Service. (2012). The State of Canada's Forests. Annual Report 2012. Natural
Resources Canada, Canadian Forest Service, Headquarters, Ottawa. Accessed online:

http://cfs.nrcan.gc.ca/publications/download-pdf/34055

Canadian Forest Service. (2014). Focus on Innovation. Understanding innovation and
innovation systems, Natural Resources Canada, Canadian Forest Service, Ottawa. Information
Note 1. 6 p.

Castellacci, F. (2008). Technological paradigms, regimes and trajectories: Manufacturing and
service industries in a new taxonomy of sectoral patterns of innovation. Research Policy, 37(6),
978-994.

Charmaz, K. (2006). Constructing grounded theory: A practical guide through qualitative

analysis. Thousand Oaks: Sage

Chesbrough, H. (2003). Open Innovation. The New Imperative for Creating and Profiting from

Technology. Harvard Business School Press, Boston, MA.

Chesbrough, H. (2006). Open business models: How to thrive in the new innovation landscape.

Harvard Business School Press.

Chesbrough, H., Crowther, A.K., (2006). Beyond high tech: early adopters of open innovation in
other industries. R&D Management 36, 229-236.

Christensen, C. (1997). The innovator's dilemma: when new technologies cause great firms to

fail. Harvard Business Press.

146


http://cfs.nrcan.gc.ca/publications/download-pdf/34055

Co, H. C., Patuwo, B. E., & Hu, M. Y. (1998). The human factor in advanced manufacturing
technology adoption: An empirical analysis. International Journal of Operations & Production
Management, 18(1), 87-106.

Cockwell, M. (2012). The Forests of Canada: A Study of the Canadian Forestry Sector and Its
Position in the Global Timber Trade. Toronto, ON: Limberlost Forest & Wildlife Reserve.
Retrieved from:

http://www.limberlostlodges.com/PDFs/Books/The_Forests_of Canada_March_2012.pdf

Cohen, W. M., & Levinthal, D. A. (1990). Absorptive capacity: a new perspective on learning

and innovation. Administrative science quarterly, 128-152.

Conference Board of Canada. (2012). How Canada Performs — Innovation. Retrieved from

http://lwww.conferenceboard.ca/hcp/details/innovation.aspx

Council of Canadian Academies. (2009). Innovation and Business Strategy: Why Canada Falls
Short. International Productivity Monitor, 18, 51-71.

Creswell, JW. (2013). Qualitative inquiry and research design: Choosing among five

approaches, 3rd ed. Thousand Oaks, CA: Sage.

Da Costa, S. G., & de Lima, E. P. (2008). Advanced manufacturing technology adoption: an
integrated approach. Journal of Manufacturing Technology Management, 20(1), 74-96.

De Jong, J. P., & Marsili, O. (2006). The fruit flies of innovations: A taxonomy of innovative
small firms. Research policy, 35(2), 213-229.

Doms, M., Dunne, T., & Roberts, M. J. (1995). The role of technology use in the survival and
growth of manufacturing plants. International Journal of Industrial Organization, 13(4), 523-
542.

Food and Agriculture Organization of the United Nations (FAO UN). (2012). State of the
World’s  Forests 2012. FAO Corporate Document Repository. Retrieved from
http://www.fao.org/docrep/016/i3010e/i3010e00.htm

Forest Talk (2012). Canada’s plan for forestry innovation in Canada’s budget. Retrieved from
http://foresttalk.com/index.php/2012/03/29/canadas-plan-for-forestry-innovation-in-canadas-
2012-budget/

147



FPAC. (2012). Industry by the Numbers - The Forest Products Industry in Canada — Key
Economic Facts (2012). Retrieved from: http://www.fpac.ca/index.php/en/industry-by-the-

numbers

FPInnovations. (2013). About Us: Members Partners and Collaborators. Retrieved from:

http://www.fpinnovations.ca/about-us/members-partners-collaborators/Pages/default.aspx

Freel, M. S. (2005). Patterns of innovation and skills in small firms. Technovation, 25(2), 123-
134.

Gov.uk (2012). Science and Innovation Analysis: The Community Innovation Survey. The
National Archives of the UK Government. Retrieved from:

http://webarchive.nationalarchives.gov.uk/+/http://www.bis.qgov.uk/policies/science/science-

innovation-analysis/cis

Godin, B. (2004). Canadian scoreboards on S&T and its further developments. Canadian
Science and Innovation Indicators Consortium. Montreal, QC. Retrieved from:
http://www.csiic.ca/PDF/scoreboard.pdf

Gordon, J., & Wiseman, J. (1995). Thriving on competition. Ivey Business Quarterly, Vol. 59
No.3, pp.79-84

Gu, W., & Tang, J. (2004). Link between innovation and productivity in Canadian
manufacturing industries. Economics of Innovation and New technology, 13(7), 671-686.

Halkett, R. (2007). Hidden innovation: how innovation happens in six low innovation sectors.
NESTA.

Hanel, P., (2003). Impact of Government support programs on innovation by Canadian

manufacturing firms. Centre interuniversitaire de recherche sur la science et la technologie.

Hansen, P. A., & Serin, G. (1997). Will low technology products disappear?: The hidden
innovation processes in low technology industries. Technological Forecasting and Social
Change, 55(2), 179-191.

Hansen, T., & Winther, L. (2011). Innovation, regional development and relations between high-

and low-tech industries. European Urban and Regional Studies, 18(3), 321-339.

148


http://www.fpac.ca/index.php/en/industry-by-the-numbers
http://www.fpac.ca/index.php/en/industry-by-the-numbers
http://webarchive.nationalarchives.gov.uk/+/http:/www.bis.gov.uk/policies/science/science-innovation-analysis/cis
http://webarchive.nationalarchives.gov.uk/+/http:/www.bis.gov.uk/policies/science/science-innovation-analysis/cis
http://www.csiic.ca/PDF/scoreboard.pdf

Hatzichronoglou, T. (1997). "Revision of the High-Technology Sector and Product
Classification”, OECD Science, Technology and Industry Working Papers, No. 1997/02, OECD
Publishing doi: 10.1787/134337307632

Hawkins, R. (2012). Looking at Innovation from a Uniquely Canadian Perspective. Institute for

Science, Society and Policy, University of Ottawa.

Hawkins, R. et al. (2013). Canada’s Future as an Innovative Society — A Decalogue of Policy

Criteria. Institute for Science, Society and Policy, University of Ottawa.

Heidenreich, M. (2009). Innovation patterns and location of European low-and medium-
technology industries. Research Policy, 38(3), 483-494.

Hervas-Oliver, J. L., Albors Garrigos, J., & Gil-Pechuan, 1. (2011). Making sense of innovation
by R&D and non-R&D innovators in low technology contexts: A forgotten lesson for
policymakers. Technovation, 31(9), 427-446.

Hirsch-Kreinsen, H. (2008). "Low-Tech" Innovations. Industry and Innovation, 15(1), 19-43.

Hirsch-Kreinsen, H. (2008b). "Low-Technology™": A Forgotten Sector in Innovation Policy.
Journal of technology management & innovation, 3(3), 11-20.

Hoppe, H. C. (2002). The timing of new technology adoption: theoretical models and empirical
evidence. The Manchester School, 70(1), 56-76.

Huang, C., Arundel, A., & Hollanders, H. (2010). How firms innovate: R&D, non-R&D, and
technology adoption. Working Paper Series. United Nations University, Maastricht, NL.

Industry Canada. (2010). Government of Canada Invests in New Research Partnership to Benefit
Forestry Sector. Retrieved from: http://www.ic.gc.ca/eic/site/064.nsf/eng/05452.html

Industry Canada (2011). Innovation Canada: A Call to Action. Ottawa (ON): Independent Panel
on Federal Support to Research and Development.

Johnson, J., Baldwin, J. R., & Diverty, B. (1996). The implications of innovation for human
resource strategies. Futures, 28(2), 103-1109.

Kirner, E., Kinkel, S., & Jaeger, A. (2009). Innovation paths and the innovation performance of
low-technology firms—An empirical analysis of German industry. Research Policy, 38(3), 447-
458.

149


http://dx.doi.org/10.1787/134337307632
http://www.ic.gc.ca/eic/site/064.nsf/eng/05452.html

Kristianto, Y., Ajmal, M., Tenkorang, R. A., & Hussain, M. (2012). A study of technology
adoption in manufacturing firms. Journal of Manufacturing Technology Management, 23(2),
198-211.

Langley, A., & Truax, J. (1994). A Process Study of New Technology Adoption in Smaller
Manufacturing Firms. Journal of Management Studies, 31(5), 619-652.

Luckert, M. K., & Salkie, F. J. (1998). Forestry in Canada: Transitions and emerging policy
issues. Canadian Public Policy/Analyse de Politiques, S1-S10.

Madore, O. & Bourdages, J. (1992). The Canadian forestry sector: an industrial and
technological profile. Canada. Library of Parliament. Research Branch. Ottawa: Library of

Parliament, Research Branch.

Malerba, F. (2002). Sectoral systems of innovation and production. Research policy, 31(2), 247-
264.

Mendonga, S. (2009). Brave old world: Accounting for ‘high-tech’knowledge in ‘low-
tech’industries. Research Policy, 38(3), 470-482.

Miles, M.B., & Huberman, A.M. (1994). Qualitative data analysis, 2" ed. Thousand Oaks, CA:
Sage.

Mirvis, P. H., Sales, A. L., & Hackett, E. J. (1991). The implementation and adoption of new
technology in organizations: the impact on work, people, and culture. Human Resource
Management, 30(1), 113-139.

Mockler, P., & Robichaud, F. (2011). The Canadian Forest Sector: A Future Based on

Innovation : Final Report. Canada Senate.

National Forest Strategy Coalition. (2002). A final evaluation of the National Forest Strategy.
Independent Expert Evaluation Panel, Ottawa. 95

Natural Resources Canada. (2012). Important Facts on Canada’s Natural Resources. Ottawa,
Canada. ISSN 1927-9485

Natural Resources Canada. (2013a). Expanding Market Opportunities Program. Retrieved from:

http://www.nrcan.gc.ca/forests/federal-programs/13133

150


http://www.nrcan.gc.ca/forests/federal-programs/13133

Natural Resources Canada. (2013b). Forest Innovation Program. Retrieved from:

http://www.nrcan.qgc.ca/forests/federal-programs/13137

Natural Resources Canada. (2013c). Forest Product Exports. Retrieved from:
http://www.nrcan.qgc.ca/forests/canada/sustainable-forest-management/criteria-indicators/13245

Natural Resources Canada. (2014). Canadian Forest Service: Investments in Forest Industry

Transformation. Retrieved from: http://www.nrcan.gc.ca/forests/federal-programs/13139

NSERC (Natural Sciences and Engineering Research Council). (2009). NSERC Forest Sector
R&D Initiative. Retrieved from: http://forest-foret.nserc-crsng.gc.ca/index_eng.asp

OECD. (2002). Frascati Manual 2002: Proposed Standard Practice for Surveys on Research
and Experimental Development, The Measurement of Scientific and Technological Activities,
OECD Publishing. doi: 10.1787/9789264199040-en

OECD. (2005). Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data, 3rd
Edition, The Measurement of Scientific and Technological Activities, OECD Publishing. doi:
10.1787/9789264013100-en

OECD. (2010). OECD Information Technology Outlook 2010, OECD Publishing.
doi: 10.1787/it_outlook-2010-en

OECD. (2014). Innovation in Science, Technology and Industry: Research and Development

Statistics. Retrieved from: www.oecd.org/sti/rds

Pavitt, K. (1984). Sectoral patterns of technical change: towards a taxonomy and a theory.
Research policy, 13(6), 343-373.

Penrose, E. T. (1959). The Theory of the Growth of the Firm. Cambridge, MA.

Porter, M. E., & Martin, R. (2000). Canadian Competitiveness: Nine Years after the Crossroads.

Centre for the Study of Living Standards; Centre d'études des niveaux de vie.

Robertson, P. L., & Patel, P. R. (2007). New wine in old bottles: Technological diffusion in
developed economies. Research Policy, 36(5), 708-721.

Robertson, P. L., Casali, G. L., & Jacobson, D. (2012). Managing open incremental process

innovation: absorptive capacity and distributed learning. Research policy, 41(5), 822-832.

151


http://www.nrcan.gc.ca/forests/federal-programs/13137
http://www.nrcan.gc.ca/forests/canada/sustainable-forest-management/criteria-indicators/13245
http://forest-foret.nserc-crsng.gc.ca/index_eng.asp
http://dx.doi.org/10.1787/9789264199040-en
http://dx.doi.org/10.1787/9789264013100-en
http://dx.doi.org/10.1787/it_outlook-2010-en
http://www.oecd.org/sti/rds

Rosenberg, N., Ince, P., Skog, K., & Plantinga, A. (1990). Understanding the adoption of new
technology in the forest products industry. Forest Products Journal, 40(10), 15-22.

Sabourin, D. (2001). Skill Shortages and Advanced Technology Adoption. Analytical Studies
Branch, Statistics Canada.

Sabourin, D., & Beckstead, D. (1999). Technology Adoption in Canadian Manufacturing.
Statistics Canada 88F0006XPB, 5.

Salazar, M., & Holbrook, A. (2004). A debate on innovation surveys. Science and Public
Policy, 31(4), 254-266.

Santamaria, L., Nieto, M. J., & Barge-Gil, A. (2009). Beyond formal R&D: Taking advantage of
other sources of innovation in low-and medium-technology industries. Research Policy, 38(3),
507-517.

Schaan, S., & Anderson, F. (2002). Innovation in the forest sector. The Forestry Chronicle,
78(1), 60-63.

Schaan, S., & Uhrbach, M. (2009). Measuring User Innovation in Canadian Manufacturing,
2007. Business Special Surveys and Technology Statistics Division. Statistics Canada.
Catalogue no. 88F0006X, no. 3

Schroder, R., & Sohal, A. S. (1999). Organisational characteristics associated with AMT
adoption: towards a contingency framework. International Journal of Operations & Production
Management, 19(12), 1270-1291.

Small, M. H. (2006). Justifying investment in advanced manufacturing technology: a portfolio
analysis. Industrial Management & Data Systems, 106(4), 485-508.

Small, M. H., & Yasin, M. M. (1997). Developing a framework for the effective planning and
implementation of advanced manufacturing technology. International Journal of Operations &
Production Management, 17(5), 468-489

Spithoven, A., Clarysse, B., & Knockaert, M. (2010). Building absorptive capacity to organise

inbound open innovation in traditional industries. Technovation, 31(1), 10-21.

152



Statistics Canada. (2008). Survey of Advanced Technology. Retrieved from
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Survld=4223&SurvVer=2&Ins
tald=14681&InstaVer=4&SDDS=4223&Iang=

Statistics Canada. (2008b). Survey of Advanced Technology 2007 — Reporting Guide. Science
Innovation  and Electronic ~ Division, Statistics ~ Canada. Retrieved  from:
http://lwww23.statcan.gc.ca/imdb/p3Instr.pl?Function=getInstrumentList&Item_1d=33146&UL=
1V&

Statistics Canada. (2012). Statistics Canada Summary Tables: Employment by industry and sex.

Retrieved from: http://www.statcan.gc.ca/tables-tableaux/sum-som/I01/cst01/labor10b-eng.htm

Statistics Canada. (2014). Imports, exports and trade balance of goods on a balance-of-payments

basis, by country or country grouping. Retrieved from: http://www.statcan.gc.ca/tables-

tableaux/sum-som/101/cst01/gblec02a-eng.htm

The Canadian Press. (2013, October 31%). B.C. Sawmills: WorkSafe Conducting Inspections to
Halt Wood Dust Buildup. Huffington Post. Retrieved from:
http://www.huffingtonpost.ca/2013/10/31/bc-sawmills-worksafe_n_4182177.html

Tracey, M., Vonderembse, M. A., & Lim, J. S. (1999). Manufacturing technology and strategy
formulation: keys to enhancing competitiveness and improving performance. Journal of
Operations Management, 17(4), 411-428.

Tulloch, P. (2008). Industry at a Crossroads (Part I). The Monitor. Canadian Centre for Policy
Alternatives. Retrieved from http://www.policyalternatives.ca/publications/monitor/april-2008-

industry-crossroads-part-i

Trading Economics. (2009). Canada Has First Trade Deficit Since 1976. Trading Economics —
Bloomberg. Retrieved from: http://www.tradingeconomics.com/articles/02112009061953.htm

Tushman, M. L., & Anderson, P. (1986). Technological discontinuities and organizational

environments. Administrative science quarterly, 439-465.

Van Biesebroeck, J. (2007). Impediments and Facilitators of Technology Adoption and
Diffusion: A Literature Survey of the Last 10 Years. Industry Canada.

153


http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SurvId=4223&SurvVer=2&InstaId=14681&InstaVer=4&SDDS=4223&lang
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SurvId=4223&SurvVer=2&InstaId=14681&InstaVer=4&SDDS=4223&lang
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/labor10b-eng.htm
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/gblec02a-eng.htm
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/gblec02a-eng.htm
http://www.policyalternatives.ca/publications/monitor/april-2008-industry-crossroads-part-i
http://www.policyalternatives.ca/publications/monitor/april-2008-industry-crossroads-part-i

Vernon, R. (1966). International investment and international trade in the product cycle. The

quarterly journal of economics, 190-207.

Voss, C. A. (1988). Implementation: A key issue in manufacturing technology: The need for a
field of study. Research policy, 17(2), 55-63.

Vrakking, W. J. (1995). The implementation game. Journal of Organizational Change
Management, 8(3), 31-46.

Wang, G. (2009). The Development of China’s Forestry Sector and the Opportunities for
Canada. Foreign Policy for Canada’s Tomorrow No. 6. Canadian International Council.

World Bank. (2008). Forests Sourcebook : Practical Guidance for Sustaining Forests in
Development  Cooperation.  Washington, DC: World Bank. Retrieved from
https://openknowledge.worldbank.org/bitstream/handle/10986/6455/446400PUBOFore1010FFI
CIALOUSEOONLY1.pdf?sequence=1

Wright, J. D. (2002). Technology: The classic Canadian dilemma - Short-term gain for long-term
pain!. The Forestry Chronicle, 78(1), 124-127.

Yin, R.K. 2009. Case study research: Design and methods, 4th edition, Thousand Oaks: Sage

Zammuto, R. F., & O'Connor, E. J. (1992). Gaining advanced manufacturing technologies'

benefits: the roles of organization design and culture. Academy of Management Review, 701-728.

154



