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Innovativeness, or the propensity of a firm to create and/or adopt new 

products, process and business systems, has been measured using several 

methods in previous research. Examples of theses methods include current 

technology, self-evaluation, research and development funding, the number of 

new products, and intellectual property. In addition to the multiple methods 

used to measure innovativeness, there have been numerous 

conceptualizations and definitions of innovativeness. The plethora of 

definitions, conceptualizations and measurement methods have resulted in 

inconsistent findings regarding innovativeness and its effect on firm financial 

performance.  

In this dissertation, a two-stage process was used to investigate 

innovativeness within the North American softwood sawmilling industry and 

develop a new scale for measuring innovativeness. In the first stage, 

innovativeness was measured using three methods: a self-evaluated scale, 

current sawmill technology, and a new scale developed in this dissertation as 

“propensity to create and/or adopt”. Results from these three scales were then 



compared to assess how well the new scale measured innovativeness. The 

new scale was then subjected to a structured scale refinement process to 

assess which items would be retained for Stage II of the scale refinement 

process. As a result of this scale refinement process, the scale was reduced 

from 25 items to 18 items. In stage II of this dissertation, the 18-item scale was 

used to measure innovativeness and was subjected to a structured scale 

refinement process. The 18 items were reduced to 15 items and the 15 items 

were used to assess the relationship between innovativeness and financial 

performance using structural equations modeling. This relationship was found 

to be significant and positive. Additionally, firm size, as measured by both the 

number of employees and annual production, were found to be significant 

moderators of the relationship between innovativeness and financial 

performance. This dissertation makes several unique contributions to the 

literature. One contribution is the thorough review and critique of previous 

literature regarding firm innovativeness. The most significant contribution this 

dissertation makes to the literature is developing a comprehensive firm 

innovativeness scale using a structured scale development process. The final 

contribution is investigating the relationship between innovativeness and 

financial performance using this newly developed scale. 
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Measuring Innovativeness in the North American  
Softwood Sawmilling Industry 

 
 
STUDY BACKGROUND AND OVERVIEW 
 
Introduction 
 
 Innovation is the introduction of new products, processes, or business 

systems.  Previous research has shown innovation to be a driver of firm 

growth (Damanpour et al. 1989, Deshpande and Farley 2004, Narver and 

Slater 1990, Han et al. 1998, and Hurley and Hult 1998). The development of 

new or improved products, processes or business systems through innovation 

can help a company better satisfy consumer needs, stay ahead of the 

competition, explore new markets, and grow. As market competition 

increases, innovation is viewed as vital to firm survival (Frambach 1993, 

Chihiro et al. 2004, Crespell et al. 2006). The capacity of a firm to create 

internally or to adopt innovations developed externally (i.e. the innovativeness 

of the firm), impacts how the firm addresses challenges and problems, 

affecting the ability of the firm to survive and be successful in the future. This 

is especially important in the global marketplace in which firms currently 

operate. 

Although firm innovativeness has been studied in a variety of ways, the 

results of this research are inconsistent (Wolfe 1994). Several researchers 

(e.g. Aiken and Hage 1971, Kimberly and Evanisko 1981, and Meyer and 

Goes 1988) have examined innovation as an outcome, trying to determine the 

conditions under which an organization would innovate. Other researchers 
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(e.g. Van de Van et al. 1989) have examined innovation as a process to 

determine how innovativeness becomes a part of the organization. Several 

other perspectives of innovativeness, including rationalistic, voluntaristic, 

political, institutional, and interpretive perspectives, have also been examined 

(e.g. Abrahamson 1991, Frost and Egri 1991, Van de Van and Rogers 1988, 

Wolfe 1994). Gopalakrishman and Damanpour (1994) note that since each of 

these perspectives examines a specific aspect of innovativeness, the results 

have not been easily reconciled. Even within a research perspective, the 

results are not always consistent (Wolfe 1994). Some of these inconsistencies 

may be the `result of the methods used to measure innovativeness (Wolfe 

1994).   

 While previous research has acknowledged the importance of 

innovativeness, many problems exist with the current methodology for 

measuring the innovativeness of a firm. Deshpande and Farley (2004) 

acknowledge the weaknesses of scales currently available and call for a 

universally reliable scale for measuring innovativeness. Crespell et al. (2006) 

also recognize the weakness of current scales for measuring innovativeness 

and call for the creation of a robust, reliable, and valid scale to measure the 

construct of innovativeness.  

Innovativeness has been studied from many perspectives in several 

fields including marketing, management, sociology, economics, psychology, 

and engineering. The results of these studies have led to the development of 

two distinct innovativeness constructs. The first construct, largely developed 
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from the marketing, sociology and psychology literature, focuses on consumer 

innovativeness. The second construct, largely developed from the 

management, economics, and marketing literature, focuses on firm 

innovativeness. The focus of this study was the firm innovativeness construct. 

Firm innovativeness has been measured using several techniques including 

assessing the current technology of the firm, self-evaluation, intellectual 

property, and R&D funding. This dissertation will use several of these 

techniques to measure firm innovativeness. The results of these techniques 

will then be compared to determine the best way to measure the 

innovativeness of firms in industrial manufacturing industries.  

This dissertation makes several unique contributions to the literature. 

The first contribution is the thorough review of the literature regarding firm 

innovativeness, including a critique of previous methods used to measure firm 

innovativeness. The largest contribution this dissertation makes to the 

literature is the development of a scale to assess all aspects of innovativeness 

identified in previous literature through a structured scale development 

process (Churchill 1979, DeVellis 2003, Netermeyer et al. 2003). This 

dissertation also contributes to the literature by investigation business systems 

innovativeness in a commodity oriented industry. The final contribution is 

investigating the relationship between innovativeness and financial 

performance using this newly developed scale. 

This dissertation is formatted in manuscript format. It is composed of 

four chapters, the first of which is an introductory chapter that presents the 
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theoretical background and a thorough overview of the methods used in the 

following chapters. As a result of this structure, the material presented in the 

introductory chapter is repeated in the following three chapters. 

Objectives 

Accordingly, the objectives of this dissertation are:   

1.  To develop a valid and reliable measure of firm innovativeness for firms in 
industrial manufacturing industries 

 
2.  Assess the current level of innovativeness in the North American softwood 

sawmilling industry  
 
3.  Assess the current focus of innovation in the North American softwood 

sawmilling industry   
 
4. Assess the relationship between firm innovativeness and financial 

performance in the North American softwood sawmilling industry 
 
5.   Compare three methods for measuring firm innovativeness 
 
Theoretical background 

Definition of firm innovativeness 

Firm innovativeness has been defined in various ways in previous 

research. One common definition of an innovative firm is a firm that adopts 

innovations (Utterback 1974, Daft 1982, Attewell 1992). Based on this 

definition, the more innovations a firm adopts, the more innovative it is. Rogers 

(2003, pg. 22) defines innovativeness as “the degree to which an individual or 

other unit of adoption is relatively earlier in adopting new ideas than any other 

member of the system.”  

Gebert et al. (2003) used a definition adapted from Glynn (1996) 

defining innovativeness as “the capacity of an organization to improve existing 
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products and/or processes, and the capacity to utilize the creativity resources 

of the organization to the full[est].” This definition recognizes small 

improvements, or incremental innovation, as part of firm innovativeness. 

Hurley and Hult (1998) broadened the definition, defining 

innovativeness as “the notion of openness to new ideas as an aspect of a 

firm’s culture” implying that innovativeness is an integral part of the culture of 

the firm. Foxall (1984) defined innovativeness as the “capacity and tendency 

to purchase new products and services.”  This definition recognizes that firm 

innovativeness is composed of two aspects, technical and behavioral 

progressiveness.  

Wang and Ahmed (2004) also identify multiple aspects of 

innovativeness defining innovativeness as “an organization’s overall innovative 

capability of introducing new products to the market, or opening up new 

markets, through combining strategic orientation with innovative behaviour and 

process.” Recent work by Hovgaard and Hansen (2004) examined innovation 

in the forest products industry in Oregon and Alaska. Three aspects of 

innovativeness were identified, product, process, and business systems, 

showing that firms view not only new products and manufacturing processes 

as innovations but also new business systems. Business systems innovation 

does not provide a new product or service, but consists of the development of 

new markets, the introduction of new management systems, marketing 

methods, administrative processes, or staff development programs. 
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The definition of innovativeness used in this study is more 

comprehensive, adapted from the above definitions. Innovativeness is:  the 

propensity of firms to create and/or adopt new products, manufacturing 

processes, and business systems.   

Innovation or innovativeness? 

Rogers (2003) defined an innovation as “an idea, practice, or object that 

is perceived as new to an individual or another unit of adoption.” According to 

this definition, the innovation is the new product, process or business system. 

Based on this definition and the definition of innovativeness used in this study, 

innovation and innovativeness are two different constructs. As previously 

mentioned, these constructs have been studied in many fields, resulting in 

many definitions and a lack of cross referencing between fields has resulted in 

inconsistent terminology. Garcia and Calantone (2002) noted that the lack of 

consistent terminology has resulted in the interchangeable uses of the 

constructs of innovation and innovativeness. The inconsistency in defining 

these constructs has also resulted in studies with inconsistent and sometimes 

conflicting results. Consequently, it is important that researchers recognize the 

distinction between these two constructs.  

Previous approaches to measuring innovativeness 

Current technology 

A method of measuring innovativeness commonly used in the literature 

is via the technology currently being used within the firm (Robertson and Wind 

1980, Robertson and Wind 1983, Kotabe 1990, West and Sinclair 1991, 
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Subramanian and Nilakanta 1996, Lee et al. 1999). The assumption with this 

method is that more innovative firms will have created and/or adopted more 

new technology than the less innovative firms. While creation is acknowledged 

in some studies using current technology, the focus is generally on adoption. 

 The body of literature using current technology to measure 

innovativeness can be divided into two broad categories. The first category 

measures innovativeness using a method generally referred to as the cross-

sectional method (Rogers 2003). With this method, each respondent selects 

the processing machinery currently being used within the company from a list 

provided by the researchers. This information is then used to classify the 

innovativeness of the firm. Innovativeness classifications are determined using 

a panel of experts in the field of interest. The panel of experts determines the 

level of innovativeness of the pieces of processing machinery currently 

available. This information is then used to determine firm innovativeness and 

classify firms into categories based on the technology the firm currently 

possesses.    

The second method for determining firm innovativeness using current 

technology is a variation of the cross-sectional method where the time of 

adoption is considered (Rogers 2003). In these studies, time of adoption is 

considered by either the absolute time of adoption (i.e. Attewell 1992, 

Subramanian and Nilakanta 1996, Utterback 1974) or the relative time of 

adoption.  Measuring innovativeness without considering the time of adoption 
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does not allow the researcher to account for differences in readiness of firms 

to adopt new innovations (Subramanian 1996). 

In previous studies where the time of adoption of an innovation was 

considered, early adopting firms were considered more innovative than firms 

adopting later. One problem with this measure of innovativeness is that just 

because a firm adopted one or more innovations earlier than other firms, it 

doesn’t mean the firm will adopt additional innovations earlier than other firms 

(Subramanian 1996). Table 1.1 displays a list of the strengths and 

weaknesses of some studies using current technology to measure firm 

innovativeness. 

Several authors using the cross-sectional method have argued that this 

method indirectly measures time of adoption. For example, Robertson (1971) 

states “… it may be expected that at a given point of time, individuals who are  

typically the first to adopt will also have adopted more items.” Midgley and 

Dowling (1978) disagree with this idea and state the cross-sectional method 

does not measure the time of adoption. 

Fell et al. (2003) determined that two methods had been previously 

developed for measuring innovativeness with the current technology of the 

firm.  The first method, the Rogers method, was developed by Everett Rogers 

and documented in his book Diffusion of Innovations originally published in 

1962. Using this method, individuals or firms are divided into adopter groups 

based on the time of adoption of an innovation. The major advantage of this 

method is that it can be simply applied. They also note that there are several  
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Table 1.1.  Studies using current technology to measure firm innovativeness. 
Authors/Year Sample Strengths  Weaknesses 
Robertson and 
Wind 1980 

209 hospitals Multiple respondents in 
each hospital 
 

Did not account for 
time of adoption 

Daft 1982 13 school districts Included both technical 
and administrative 
innovations 
 
Independent measure of 
adoption of some 
innovations 

Only accounts for 
one time period 

Damanpour and 
Evan 1992 

85 public libraries in 
NE U.S. 

Includes administrative 
and technical innovations 
 
Examines 4 time periods 

 

Subramanian 
1996 

164 banks in mid-
west U.S. 

Includes time of adoption 
 
Measure stability of 
external environment 
 

Only measure 8 
innovations 
 
Only measures 
product innovations 

Subramanian and 
Nilakanta 1996 

141 banks in mid-
west U.S.  

Multiple innovations 
(technical and 
administrative) 
 
Time of adoption 
included 
 

Only accounts for 
one time period 

Bumgardner and 
Romig 1998 

200 hardwood 
processing facilities in 
the U.S. 

Multiple technologies 
 
Multiple sectors 

Only accounts for 
one time period 
 
Does not account 
for time of adoption 
 

Nystrom et al. 
2002 

70 hospitials (314 
respondents) 

Multiple innovations 
 
Multiple respondents 
 
Assessed radicalness 
and relative advantage 
 

Only measured 
medical imaging 
technology 
 
Does not account 
for time of adoption 

Fell et al. 2003 
 

Homebuilders in 
western U.S. 

Compares Rogers 
method to the cross-
sectional method 
 

 

Salvou et al. 150 manufacturing 
SMEs 

Covers 3-year period Only accounts for 
product innovation 
 
Does not account 
for time of adoption 
 

Shook and Ganus 
2004 

127 residential 
builders 

Multiple innovations Only accounts for 
one time period 
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shortcomings of this method, the most significant being that respondents must 

be able to recall the exact time of adoption of an innovation. 

The second method of measuring innovativeness, the cross-sectional 

method, was originally developed by Robertson (1971). In this method, 

innovativeness is determined by measuring the number of new products 

owned or used by a firm at a given point in time. Each of these products will be 

at a different point in the diffusion process.  Robertson (1971) assumes that 

the most innovative firms will be using the most new products at any time. This 

method improves on the Rogers method by using more than one innovation to 

measure innovativeness. The problem of recall is also reduced because the 

time of adoption is not included. However, nonadopters are excluded from 

further analysis because product adoption is a prerequisite in this type of 

analysis. The cross-sectional measure of innovativeness requires a 

comprehensive list of innovations in a product category, which cannot include 

substitute or mutually exclusive items because these items would cause 

innovativeness to be underestimated.  

Based on Midgely and Dowling (1978), Fell et al. (2003) determined 

that the Rogers method and the cross-sectional method of measuring 

innovativeness do not measure the same construct. Fell et al. (2003) 

developed a composite method to measure innovativeness, a hybrid of the 

Rogers and cross-sectional methods that was designed to account for some of 

their limitations. The composite method is based on a product category and 

accounts for the time of adoption. The innovativeness score is dependent 
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upon when innovations are adopted relative to adoption by other firms. The 

composite method was then compared to the Rogers and cross-sectional 

methods using a survey of single-family homebuilders in Washington, Oregon, 

and California on their use of nine innovative building materials. The time 

element of adoption was captured using the Rogers method and the degree of 

adoption was captured with the cross-sectional method. The composite 

method of measuring innovativeness was able to capture both of these 

elements simultaneously. The authors conclude that this method may be a 

superior method of segmenting industrial markets for new products.         

Measuring innovativeness through an assessment of technology 

potentially reduces the bias that is potentially present in other measures of 

innovation, such as the self-evaluation method. However, a problem arises 

when determining if possession of the latest technology really means that a 

firm is innovative. For example, consider a firm that has been manufacturing a 

product for 80 years using the same technology. Eventually, equipment will 

break beyond repair and must be replaced. If this equipment is replaced with 

state-of-the-art equipment, is this firm really innovative when compared to 

other firms that continually adopt state-of-the-art equipment? In other words, 

was innovativeness the driver behind the purchase of the state-of-the-art 

equipment? Also, using current technology to assess innovativeness provides 

researchers with a good measure of the level of process innovation but does 

little to assess the level of product and business systems innovation.    
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Rogers (2003) points out several “methodological curses” with 

measuring the time of adoption of innovations. With this method, respondents 

are asked to recall the date of adoption of an innovation.  However, as Rogers 

(2003, pg. 117) points out,  

“hindsight is not completely accurate, with the degree of 
accuracy varying on the basis of the innovation’s salience to the 
individual, the length of time over which the recall is requested 
and on the basis of individual differences in education, memory, 
and the like”. 

 

Rogers (2003) also notes that current technology measures have 

often focused on the adoption of only one or a few technologies. This 

limited focus has the potential to underestimate the innovativeness of 

firms. Additionally, a focus on technology adoption has the assumption 

that each technology is equally available to each firm. In practice, this is 

not the case since the availability of technology to some firms can be 

reduced by the availability of funding and limited or exclusive licensing 

agreements, to name a few. 

Finally, the use of current technology to assess firm 

innovativeness does not allow for the researcher to capture all aspects 

of innovativeness, neglecting process and business systems 

innovativeness. 

Self-evaluation 

Another method of measuring innovativeness is self-evaluation (Carter 

and Williams 1959, Wallach 1983, Capon, et al. 1992, Wind and Mahajan 

1997, Gebert et al. 2003, Crespell et al. 2006). With this method, respondents 
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are asked to rate the dimensions of innovativeness (single or multiple 

dimensions depending upon the definition of innovativeness used) of their firm 

using an interval scale. This measure of innovativeness has the advantage of 

the respondents being employees of the firm who are familiar with the day-to-

day operations. However, this increases the possibility of introducing bias. 

Table 1.2 displays a list of the strengths and weaknesses of some studies 

using self-evaluation to measure firm innovativeness. 

Carter and Williams (1959) used a self-evaluation scale to assess the 

technical progressiveness of firms. Respondents were asked to asses the 

technical progressiveness of the firm on 29 categories using a scale of 0 to 10, 

with 10 being the most technically progressive and 0 the least. The 29 

categories included: good information sources, seeking outside standards of 

performance, no secretiveness, readiness to co-operate, good chief executive,  

Table 1.2.  Studies using self-evaluation to measure firm innovativeness. 

Authors/Year Sample Strengths  Weaknesses  
Capon et al. 
1992 

113 manufacturing firms 
in the eastern U.S. 

Uses market and 
culture based 
measures 

Does not measure 
process or business 
systems innovation 
 
One respondent per firm 
 

Gebert et al. 
2003 

101 organizations Measures over 
time 
 
Compares to 
competitors 
 

One respondent per firm 

Deshpande and 
Farley 2004 
 

B2B companies  One respondent per firm 

Crespell et al. 
2006 
 

North American sawmills Measures 3 types 
of innovation 

One respondent per firm 

Wang and 
Ahmed 2004 

213 small companies in 
England, Wales, and 
Scotland 

Measures 5 types 
of innovation 

One respondent per firm 
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good intermediate managers, forward-looking tendencies, shop-floor 

resistance to innovation and adequate finance. Five of the categories were 

excluded for the analysis because the relationship was doubtful or weak. 

These categories were industry scientific, good buildings, top manager a 

scientist, shop-floor resistance to innovation and adequate finance. The 

authors divided the firms into three groups based on the analysis of the data: 

“(a) Those which are in the forefront of discovery in applied science and 
technology, quick to master new ideas and to perceive the relevance of 
work in neighbouring fields. 
(b) Those which are quite uninterested in science and technology, and 
are perfectly content to continue with traditional methods without even 
examining the alternatives. 
(c) A large middle group, neither outstanding leaders in technology nor 
wholly uninterested in it.”  
 

The organizational culture index discussed by Wallach (1983) can be 

used to assess the bureaucratic, innovative, and supportive profiles of a firm. 

The organizational culture index was composed of 24 items to be assessed 

using interval scales. The bureaucratic, innovative and supportive profiles of 

the firm were each developed using eight items.  The innovative profile 

consisted of the following eight items:  risk taking, results oriented, creative, 

pressurized, stimulating, challenging, enterprising, and driving. Respondents 

rated their organization on a 4 point likert-type scale from 0 - “Does not 

describe my organization” to 3 - “Describes my organization most of the time”. 

The cumulative scores on the eight items are used to asses the innovative 

profile of the organization on a scale of 0-24. The bureaucratic profile and 
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supportive profile of the organization are determined in a similar manner, each 

using an eight item scale.  

Capon et al. (1992) used a self-evaluation scale to measure firm 

innovativeness in large manufacturers in the United States. Four elements of 

firm innovativeness were measured:  the firm’s realized growth, revenues from 

technology, tendency to be a pioneer, and the sophistication of technology, 

with tendency to be a pioneer and the sophistication of technology measured 

using interval scales.        

Wind and Mahajan (1997) presented a self-evaluation scale to 

determine the use of best practices in new product development (NPD). The 

scale was composed of 26 items assessed on interval scales of 1 to 5, with 1 

being does not describe us at all and 5 being describes us completely. The 

items in the scale are tied to 18 critical NPD issues presented in the paper and 

allow firms to assess their proficiency on each of these critical issues. The 18 

critical issues are divided into four categories: (1) the output of the NPD 

process; (2) the context of NPD; (3) the scope of NPD; and (4) the process of 

NPD. This scale can also be used by researchers to asses the use of best 

practices in NPD in any industry.    

Deshpande and Farley (2004) used a self-evaluation scale to assess 

the innovativeness of firms operating in business-to-business markets. 

Respondents assessed their firm using interval scales on five items adapted 

from Capon et al. (1992). The authors emphasize the need for a more 

universally reliable scale for measuring innovativeness noting that the 
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innovativeness scale used in this study is dependent on the product life cycle 

and that this does not seem to work well when attempting to measure 

innovativeness.   

Crespell et al. (2006) used self-evaluation to measure innovativeness of 

firms in the North American softwood sawmilling industry. Innovativeness was 

assessed using a three-item scale with five-point interval scales where 1 = not 

at all innovative and 5 = very innovative. Additionally, respondents were 

questioned about the sources of innovative ideas, drivers of the innovation 

process, number of new products, investment in research and development 

and the number of employees at the sawmill. The results of the self-evaluated 

innovativeness showed that respondents rated process innovation significantly 

higher than product and business systems innovation. This result was most 

evident in mills with a commodity products orientation. The self-evaluation of 

innovativeness also increased as the size of the mill increased.   

It can be seen from Table 1.2 that one weakness that is present in each 

of the studies using a self-evaluation measure of innovativeness was the use 

of only one respondent per firm. By having only one respondent per firm, the 

researchers do not have the ability to validate the responses from each firm or 

assess bias. 

While self-evaluation has the potential to have response bias, there are 

several advantages to this method. Self-evaluation is not only easy to 

implement, but it also provides the researcher with the ability to assess all the 

aspects of firm innovativeness simultaneously. Additionally, with this method, it 
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is easy to integrate aspects of culture/climate in to the measurement 

instrument. 

Intellectual property 

A third measure of innovativeness used in previous research is a 

measure of the intellectual property of a firm. Intellectual property can be 

measured in several ways including patents (Hall et al. 1986, Basberg 1987, 

Artz et al. 2003) and trademarks. The process of applying for a patent implies 

that the firm places some value on that piece of intellectual property. Other 

advantages of patent data include: patents are categorized by technical field 

and provide insight into the direction of the innovative activity; patents allow for 

innovativeness to be tracked over a long period of time; and patents are public 

documents.  

There are also several disadvantages to using patent data (Archibugi 

and Pianta 1996). Some of the disadvantages include: not all innovations are 

patentable; firms do not always patent innovations; and firms tend to patent 

less frequently in foreign markets. Because not all innovations are patentable 

and some firms choose not to patent, patents may not be a good indicator of 

the actual level of innovativeness of firms. Additionally, some patented items 

may never be used commercially and are therefore of limited value to the firm 

(Rogers 1998). Basberg (1987) points out that patents and other forms of 

intellectual property may not accurately reflect innovative activities, especially 

if the patent-innovation relationship changes over time. 
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Niskanen et al. (2004) assessed innovativeness of firms in wood 

products firms operating in Finland using an innovativeness index that 

included two patent-related indicators. However, the responding companies 

were found to have only a few patents and the authors were not able to 

differentiate between firms using this data. As a result, the patent-related 

indicators were deleted from the index. 

Table 1.3 displays a list of the strengths and weakness of some studies 

using intellectual property to measure firm innovativeness.   

Table 1.3.  Studies using intellectual property to measure firm innovativeness. 

Authors/Year Sample Strengths  Weaknesses  
Mansfield 1986 100 U.S. firms 

in 12 industries 
Represents 
multiple 
industries 

Small sample size 
within each industry 
 

Dutta and 
Weiss 1997 

  Only accounts for 
technologies that were 
patented 
 
Sample only contains 
firms with 10 or more 
patents 
 

Artz et al. 2003 272 firms in 35 
industries 

Account for 
industry 
Represents 
multiple years 

Only accounts for 
patented innovations 

 

Research and development funding 

A fourth measure of innovativeness that has been used in the past is the 

amount of funding available for research and development (R&D) at a firm. 

R&D funding provides a measure of the firms input into the innovation 

process, but does not necessarily have a positive relationship with the 
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outcomes of the innovation process (Evangelista et al. 1998). While R&D 

expenditures provide a dollar figure that can be used in further analysis, the 

precise definition of R&D is still being debated (Rogers 1998). The lack of a 

precise definition makes it difficult to obtain data that is comparable across 

firms. Finally, R&D funding provides some measure of product and process 

innovativeness but does not allow the researcher to account for all aspects of 

innovativeness.   

Number of new products 

Innovativeness has also been measured using the number of new 

products and/or services introduced by the firm over a given period of time (i.e. 

Greve 2003, Gudmundson et al. 2003, Vazquez et al. 2003) or the percentage 

of sales over a given period of time that can be associated with new products. 

One shortcoming of this measure of innovativeness is that it only accounts for 

innovations that were developed internally, excluding innovations that were 

developed outside of the organization. Table 1.4 displays the strengths and 

weaknesses of some studies using the number of new products introduced by 

the firm to measure firm innovativeness.   

Studies in the forest products industry 

 Several studies on firm innovativeness have been performed in the 

forest products industry. A literature review revealed that the majority of these 

studies have used current technology to measure innovativeness. Self-

evaluation has seen limited use in the forest products industry. Table 1.5 

provides a summary of some of these studies. 
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Table 1.4.  Studies using the number of new products to measure firm 
innovativeness. 
Authors/Year Sample Strengths  Weaknesses  
Acs and 
Audretsch 1988 

Firms in each 4-
digit SIC industry 
code 

Covers 
multiple 
industries 

Only covers one year 
 

Audretsch and 
Acs 1991 

1,695 small U.S. 
firms 

Multiple 
industries 
 

Only covers one year 
 

Vazquez et al. 
2001 

264 Spanish 
industrial firms 

Multiple 
industries 
Covers five 
year period 

Only accounts for 
product 
innovativeness  

 

 
Table 1.5.  Summary of studies measuring innovativeness in the forest 
products industry. 
Author(s) Innovativeness measure 

used 
Sample 

Cohen and Sinclair 1990 
 

Current technology 38 North American softwood 
lumber producers 

West and Sinclair 1991 
 

Current technology 236 North American furniture 
producers 

Bumgardner and Romig 
1998 
 

Current technology 200 hardwood dimension and 
flooring and millwork mills 

Lee et al. 1999 
 

Current technology 48 Western Canadian sawmills 

Fell et al. 2003 
 

Current technology 201 home builders in western 
U.S. 

Crespell et al. 2006 Self-rating 91 North American sawmills 
 

Problems with current measures of innovativeness 

Assessing innovativeness at one point in time 

One shortcoming associated with all four measures of innovativeness is 

that researchers have generally assessed the innovativeness of firms at one 

point in time (Subramanian 1996). Since the internal and external 

environments in which a firm operates generally change over time, the 

innovativeness of a firm probably also changes over that time period. In order 
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to obtain a true measure of the innovativeness of a firm, researchers need to 

assess firms at more than one point in time. Damanpour and Evan (1992) 

measured innovativeness of public libraries in the northeastern United States 

over four periods of time. Respondents were asked to assess the number of 

innovations adopted and identify the time period in which the adoption 

occurred.  

Rogers (2003) discusses how most innovativeness research is based 

on the methods pioneered by Ryan and Gross (1943). With this methodology, 

data is gathered in a survey of respondents at one point in time, creating a 

snapshot view of the respondent. To correct this problem, researchers should 

attempt to assess innovativeness over time. Rogers (2003) suggests four 

alternative research designs for measuring the time of adoption: (1) field 

experiments, (2) longitudinal panel studies, (3) use of archival records, and (4) 

case studies of the innovation process with data from multiple respondents. 

While these methods offer advantages over the Ryan and Gross (1943) 

method, they have not been widely used in studying innovativeness. 

One respondent per firm 

The majority of studies on firm innovativeness have relied on one 

response per firm. Rogers (2003) outlines the problems with this methodology 

including poor respondent memory and an inability to test for response bias.  

A solution to the problems associated with the above measures of 

innovativeness must be developed to further the understanding of 

innovativeness in the forest products industry. The solution proposed in this 
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research is to develop a concise and accurate measure of innovativeness, by 

combining the multiple dimensions of innovativeness identified in previous 

research. 

Antecedents and moderators of innovativeness 

Antecedents  

 Hult et al. (2004) proposed that the constructs of market orientation, 

learning orientation and entrepreneurial orientation are key antecedents to 

innovativeness. In the study, the authors construct a theory based model 

linking these constructs. The validity of these links was then assessed with a 

survey-based study of multi-national firms. The results showed that market 

orientation, learning orientation and entrepreneurial orientation are all 

positively related to innovativeness, confirming the proposed relationships.   

Moderators 

 In previous research, the external environment has often been seen as 

having an influence on firm innovativeness. A turbulent external environment 

has generally been found to cause firms to be more innovative while a stable 

external environment has been found to cause firms to be less innovative 

(Damanpour and Gopalakrishnan 1998, Hult et al. 2004, Tornatzky and 

Fleischer 1990). Generally research on the effect of the external environment 

focuses on two types of organizational structures: mechanistic and organic 

(Burns and Stalker 1961, Daft 1982, Damanpour 1991). These two 

organization types are associated with different types of external 
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environments. The mechanistic organization operates in a stable environment 

while an organic organization operates in an unstable environment.  

Principles of scale development 

 The main objective of this work is the development of a new scale to 

measure innovativeness. To meet this objective, a structured scale 

development process was followed. For this work, the processes outlined by 

Churchill (1979), DeVellis (2003) and Netermeyer et al. (2003) were followed. 

While the terminology used in these three processes differ slightly, the 

underlying ideas and the steps involved are similar. Devillis (2003) advocates 

an eight-step process that includes the following steps:  

Step 1) Determine clearly what it is you want to measure 
Step 2) Generate an item pool 
Step 3) Determine the format for measurement 
Step 4) Have the initial item pool reviewed by experts 
Step 5) Consider inclusion of validation items 
Step 6) Administer items to a development sample 
Step 7) Evaluate the items 
Step 8) Optimize scale length 

Netermeyer et al. (2003) advocate a four-step process that includes the 

following steps: 

Step 1) Construct definition and content domain 
Step 2) Generating and judging measurement items 
Step 3) Designing and conducting studies to develop and refine the 

scale 
Step 4) Finalizing the scale 

 

By combining some of the steps advocated by DeVellis (2003), each of the 

eight steps are included in the four steps advocated by Netermeyer et al. 

(2003). 
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 Based on these scale development principles, a two-stage scale 

development process was followed in this study (Figure 1.1). The process 

closely follows the procedures recommended by Churchill (1979) and 

implemented by Deng and Dart (1994) and Vazquez et al. (2002).  

 As shown in Figure 1.1, this dissertation followed a two-stage scale 

development procedure. This two-stage procedure is outlined in the following 

text. 

Theoretical Frame of Reference and Operationalization (Stage I) 

Identification of critical factors of innovativeness 

Based on the definition of innovativeness used in this research and the 

review of literature regarding the dimensions of innovativenvess, six 

dimensions of innovativeness have been identified for this work: (1) the 

propensity to create new products, (2) the propensity to create new 

manufacturing processes, (3) the propensity to create new business systems, 

(4) the propensity to adopt new products, (5) the propensity to adopt new 

manufacturing processes, and (6) the propensity to adopt new business 

systems. 

The theoretical frame of reference used for Stage I of this study is 

presented in Figure 1.2. For Stage 1 of this research, the propensity to adopt 

new products was not included because the authors argued that firms in the 

softwood sawmilling industry do not adopt new products directly, but adopt the 

manufacturing process required to produce that product. The omission of the 

propensity to adopt new products resulted in firm innovativeness being 
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composed of five dimensions. Based on this theoretical frame of reference, a 

new measure of innovativeness, the propensity to create and adopt scale, was 

developed and refined as outlined below.  

 

  

Stage I 

Literature review 

Identify critical factors of  
innovativeness 

Generation of items 

Scale refinement with  
expert opinions 

Questionnaire 
development 

Data collection 

Scale refinement 

Pretest 
Refine questionnaire 

Data collection 

Scale refinement 

Innovativeness  
instrument 

Stage II 

Figure 1.1. Scale development procedure followed for developing the 
innovativeness instrument. 
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Propensity  
to create 

new products 

 
Innovativeness 

Propensity  
to create 

new mfg. processes 

Propensity 
to create 

new bus systems 

Organizational 
climate 

Propensity 
to adopt 

new bus systems 

Propensity 
to adopt 

new mfg. processes 

Financial  
Performance 

 

Figure 1.2. Concepts to be assessed in this study. 

 

Generation of items 

 The propensity to create and adopt scale consisted of 25 items 

generated from previous literature (Miller and Friesen 1983, Desphande et al. 

1993, Hurley and Hult 1998, Vazquez et al. 2001, Gebert et al. 2003, Wang 

and Ahmed 2004). When possible, items that had been previously developed 

and empirically tested were used. The items used a five-point Likert scale with 

1 = strongly disagree and 5 = strongly agree. The specific items used in the 

propensity to create and adopt scale are presented in Table 1.6. 
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Table 1.6. Items used in propensity to create and adopt scale and the sources 
each item was adapted from. 
Item  Adapted from 
Propensity to create new products:  
 Our company actively develops new products.  Avlonitis et al. (1994) 

Vazquez et al. (2001) 
 Our company sees new products as critical to our success. Avlonitis et al. (1994) 

Gebert et al. (2003) 
 When it comes to creating new products, our company is far better than 

the competition.   
Gebert et al. (2003) 

 Over the past three years, our company has been better than before 
regarding developing new products.   

Gebert et al. (2003) 
Wang and Ahmed (2004) 

 Within our company, we are able to implement new product ideas from 
other parts of our organization.  

Hurley and Hult (1998) 
Gebert et al. (2003) 

Propensity to create new manufacturing processes:  
 Our company actively develops in-house solutions to improve our 

manufacturing processes.   
Avlonitis et al. (1994) 
Vazquez et al. (2001) 

 Our company sees new manufacturing processes as critical to our 
success.   

Deshpande et al. (1993) 
Avlonitis et al. (1994) 
Gebert et al. (2003) 

 When it comes to creating new processes, our company is far better than 
the competition.   

Gebert et al. (2003) 
Wang and Ahmed (2004) 

 Over the past three years, our company has been better than before 
regarding developing new manufacturing processes.   

Gebert et al. (2003) 
Wang and Ahmed (2004) 

 Within our company, we are able to implement new manufacturing 
process ideas from other parts of our organization.   

Hurley and Hult (1998) 
Gebert et al. (2003) 
 

Propensity to create new business systems:   
 Our company actively develops in-house information technology 

solutions.  
Vazquez et al. (2001) 
 

 Our company actively develops in-house managerial approaches. Wang and Ahmed (2004) 
 Our company sees creating new business systems as critical to our 

success.   
Gebert et al. (2003) 
Wang and Ahmed (2004) 

 When it comes to creating new business systems, our company is far 
better than the competition.  

Gebert et al. (2003) 
Wang and Ahmed (2004) 

 Within our company, we are able to implement new business systems 
ideas from other parts of the organization.   

Hurley and Hult (1998) 
Gebert et al. (2003) 

Propensity to adopt new manufacturing processes:  
 Our company tends to be an early adopter of new manufacturing 

processes.   
Deshpande et al. (1993) 
Avlonitis et al. (1994) 
Wand and Ahmed (2004) 

 Our company actively seeks new manufacturing processes from outside 
this organization.   

Hurley and Hult (1998) 
Jerez-Gomez et al. (2005) 

 Having the latest, most efficient manufacturing processes is critical for our 
success. 

Avlonitis et al. (1994) 
Gebert et al (2003) 
Wang and Ahmed (2004) 

 Within our company, we are able to implement new manufacturing 
processes used by other organizations.   

Jerez-Gomez et al. (2005) 

 Our company considers manufacturing ideas provided by external 
sources critical to our success.   

Jerez-Gomez et al. (2005) 

Propensity to adopt new business systems:  
 Our company tends to be an early adopter of new business systems.   Deshpande et al. (1993) 

Wang and Ahmed (2004) 
 Having the latest, most efficient business systems is critical for our 

success. 
Wang and Ahmed (2004) 

 Within our company, we are able to implement new business systems 
used by other organizations. 

Jerez-Gomez et al. (2005) 

 Our company considers business systems ideas provided by external 
sources as critical to our success.   

Jerez-Gomez et al. (2005) 

 Our company actively seeks new business systems from outside this 
organization.   

Hurley and Hult (1998) 
Jerez-Gomez et al. (2005) 
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Scale refinement with expert opinions 

 The items used in the propensity to create and adopt scale were 

reviewed by experts using a two-step process. 

The first step in refining the propensity to create and adopt scale was to 

have it reviewed by four Oregon State University forest products marketing 

graduate students familiar with the firm innovativeness construct. Each of the 

participating students was given an envelope containing 25 slips of paper, with 

each slip of paper containing one of the 25 items used in this scale. Students 

were asked to place each of the 25 items into groups, grouping items they felt 

to be similar. After each student had grouped the items they were asked to 

assign each group a name. Prior to this process, the participating students had 

no knowledge of the proposed model (Figure 1.2).  

The results of this procedure were consistent with the model, with one 

student creating 2 groups, one creating 4 groups, one creating 6 groups, and 

one creating 9 groups. For the student that placed the items into two groups, 

one group was titled ‘innovative leader’ and contained 12 of the 15 items used 

to assess the propensity to create new products, manufacturing processes, 

and business systems. The second group was titled ‘innovative competitor’ 

and contained 8 of the 10 items used to assess the propensity to adopt new 

manufacturing processes and business systems.  

For the student that created 9 groups, several of the groups were 

similar and could easily be combined to fit the proposed model. For example, 



 29

five groups were created, containing a total of 11 items. These groups could 

easily be combined and contained all 10 of items used to measure the 

propensity to adopt new manufacturing processes and business systems. The 

titles of these groups were ‘external innovators’, ‘innovative improvers’, ‘early 

adopters’, ‘external innovative strategy’ and ‘benchmarking the competition’. 

The remaining four groups contained 14 of the 15 items used to assess the 

propensity to create new products, manufacturing processes, and business 

systems. The titles of these groups were ‘internal innovators’, ‘active 

innovators’, ‘innovation critical’ and ‘innovative improvers’. 

The results of this process provide support for the face validity of the 

propensity to create and adopt scale by confirming the items appear to assess 

the dimensions of innovativeness they were intended to assess. 

The second step in the review by experts process was to have the 

propensity to create and adopt scale reviewed by three experts in academia 

and five industry consultants and managers. The expert reviewers provided 

feedback and based on this feedback, minimal changes were made to the 

wordings of some items. 

An exploratory study to refine the scale 

 Following the scale development procedures previously discussed, an 

exploratory study was designed to perform the initial scale refinement. This 

initial study, performed in the North American softwood sawmilling industry, is 

outlined below.  
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Concept measurement 

The methodology used to measure each of the concepts is outlined below.  

Innovativeness 

 Innovativeness was measured using two self-evaluation scales, one 

that was previously developed (Crespell et al. 2006) and the propensity to 

create and adopt scale, and with current technology. The items for both self-

evaluated scales and the current technology measure are available in 

Appendix 1. The previously developed self-evaluation scale (Crespell et al. 

2006) consisted of three items, product, process, and business systems 

innovativeness. The questions use a five-point interval scale with 1 = not 

innovative at all and 5 = very innovative.     

The second self-evaluation scale used to measure innovativeness, the 

propensity to create and adopt scale, contained 25 items and was based on 

Figure 1.2. This scale included five items each focusing on the mills propensity 

to create new products, processes, and business systems and the mills 

propensity to adopt new processes and business systems using five-point 

Likert scales with 1 = disagree and 5 = agree.   

The current technology section of the questionnaire contained a list of 

machine centers that may be used in the processing of softwood lumber. The 

respondents were asked to indicate whether or not the mill possessed this 

technology. For each machine center, respondents were asked to select the 

type of scanning equipment, if any, that is currently being used. Additionally, 

respondents were asked to indicate the year of the last upgrade to both the 



 31

machine center and the scanning equipment. In addition to machine centers, 

respondents were also asked to indicate whether the mill used certain 

business systems innovations. For each of these business systems 

innovations the mill used, the respondent was asked to indicate the year of 

adoption by the mill. The items used to assess current technology are 

available in Appendix 1. 

Organizational climate 

Organizational climate was measured using a scale that was developed 

for this study. This scale was developed based on previous literature (Jerez-

Gomez et al. 2005, Mostafa 2005, Zhou et al. 2005, Deshpande and Farley 

2004, Wei and Morgan 2004, Gebert et al. 2003, Gudmundson et al. 2003, 

Tuominen et al. 2003, Chandler et al. 2000, Hurley and Hult 1998, Deshpande 

et al. 1993) and was composed of 10 items. Each item used a five-point Likert 

scale with 1 = disagree and 5 = agree. A composite of the 10 items will be 

used for analysis. The items for the organizational climate scale are available 

in Appendix 1.  

Sawmill performance 

 A scale previously developed scale by Dess and Robinson (1984) was 

adapted to measure sawmill performance. This scale included five items on 

which respondents self-rated the performance of the sawmill. The items were 

measured using five-point interval scales. The items for this scale are 

available in Appendix 1. 
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Descriptive information 

 In order to characterize the sample in this study, descriptive information 

was collected about each sawmill. This first piece of descriptive information 

collected was the relative volume of each of the following species being 

produced by the sawmill: 1) southern pine, 2) spruce pine fir west, 3) spruce 

pine fir east, 4) Douglas-fir, 5) hem-fir and 6) other. Additional information 

included the number of employees at the sawmill, annual production volume, 

respondent position at the sawmill, and the number of years the respondent 

has been employed with this sawmill. The descriptive information items are 

available in Appendix 1. 

Questionnaire Development 

 For the first stage of this study, a questionnaire was developed based 

on previous literature to measure innovativeness in the North American 

softwood sawmilling industry. This questionnaire consists of 6 major sections: 

(1) self-rated measure of innovativeness, (2) the new scale developed to 

measure innovativeness (the propensity to create and adopt scale), (3) the 

new scale developed to measure organizational climate, (4) current sawmill 

technology, (5) mill performance, and (6) descriptive information about the 

sawmill. The questionnaire is attached in Appendix 1.  

Self-Evaluated Innovativeness 

In the first section of the questionnaire, innovativeness was assessed 

using a self-rating scale. This measure was used in Crespell et al. (2006) to 

assess product, process and business systems innovativeness.   
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Propensity to Create and Adopt 

The second section of the questionnaire was used to assess the mill’s 

propensity to create and adopt, as outlined in Figure 1.2. 

Organizational Climate 

The third section of the questionnaire was used to assess the 

organizational climate of the sawmill. Organizational climate was assessed 

using 10 items. The items in this section were based on the antecedents to 

innovativeness outlined by Hurley and Hult (1998). Items used to assess 

organizational culture were adapted from previous literature (Jerez-Gomez et 

al. 2005, Mostafa 2005, Zhou et al. 2005, Deshpande and Farley 2004, Wei 

and Morgan 2004, Gebert et al. 2003, Gudmundson et al. 2003, Tuominen et 

al. 2003, Chandler et al. 2000, Hurley and Hult 1998, Deshpande et al. 1993).   

Current Technology 

The fourth section of the questionnaire assessed the current technology 

of the sawmill. The items in this section were developed based on interviews 

with sawmilling experts from industry and academia. In this section, 

respondents assessed the current manufacturing and business systems 

technology currently used at their sawmill. This assessment was performed on 

a machine center by machine center basis. For each machine center, 

respondents were asked if this facility has the machine center. If the machine 

center exists, respondents were asked to circle the type of optimizing 

equipment currently in use, if any, and the year of the last upgrade for both 

this machine center and the optimizing equipment. Respondents were also 
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asked to indicate whether or not other processing and business systems 

innovations are currently being used in this facility. If these technologies are 

being used, respondents were asked to provide the year this technology was 

implemented at this facility.  

Financial Performance 

The fifth section of the questionnaire measures the financial 

performance of the firm.  This measure was based on previous literature (Dess 

and Robinson 1984). This measure uses five items and asks respondents to 

rank their facility into categories based on how their facility compares with 

competitors in their industry.   

Descriptive Information 

The final section of the questionnaire asks general questions about the 

sawmill and the respondent. Descriptive information about the sawmill 

includes size, as measured by the number of employees and annual 

production volume, as well as the relative production volume (%) by species. 

Descriptive information about the respondent includes the respondent’s 

position at the mill and the number of years they have been with the company.   

Questionnaire Pretesting 

 The current technology section of the questionnaire was pretested with 

13 forest industry managers. Each of the managers was asked to assess the 

readability and understandability of the questionnaire. Minimal changes were 

made to the questionnaire based on suggestions from the pretesters. The 
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entire questionnaire was reviewed by sawmilling experts in academia and two 

sawmilling industry consultants.   

Sampling 

Five hundred sawmills in North America (U.S. and Canada) were 

randomly selected from The Random Lengths Big Book. In an attempt to 

identify the name of the mill manager, two attempts were made to contact 

each sawmill by telephone. For those mills that were not contacted, the 

questionnaire packet was addressed to the mill manager. The questionnaire 

packet consisted of three questionnaires, three self-addressed, stamped 

return envelopes and a cover letter that briefly described the purpose of the 

study and identified the target audience for the questionnaire. One 

questionnaire packet was sent to each of the 500 randomly selected sawmills. 

The target respondents for the questionnaires were the top three 

individuals at each sawmill including, but not limited to, the mill manager, shift 

supervisor, quality control supervisor, and owner.   

A modified Dillman approach was used for the mailing. The first wave 

was mailed on May 12, 2005, followed by a reminder postcard that was mailed 

on June 3, 2005. In the reminder postcard, the mill manager was informed that 

we had received 0/3, 1/3, or 2/3 completed questionnaires from that sawmill. 

The second wave was mailed on July 1, 2005. The second wave of 

questionnaires were followed up with calls to the non-responding mills. For 

mills choosing not to respond to the questionnaire after the second wave, 

some descriptive data was collected to be used in testing for non response 
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bias. The information collected from the mills that did not respond included the 

relative volume of species processed and size, as measured by number of 

employees and production volume.   

Refinement of the propensity to create and adopt scale 

 The 25-item propensity to create and adopt scale was refined based on 

methodologies advocated by Churchill (1979), Devellis (2003) and Netermeyer 

et al. (2003). In this process, exploratory factor analysis (EFA) was used to 

explore the factor structure of the data collected in this study. The 25 items in 

the propensity to create and adopt scale and the 4 items used to measure firm 

performance were analyzed using exploratory factor analysis in SPSS. 

Varimax rotation was used. Factor loadings greater than 0.30 were considered 

to be significant (Hair et al. 1998). Items crossloading across more than one 

factor were removed from further analysis, resulting in the removal of four 

items. Crossloading was defined as loadings within 10% of each other. The 

remaining items were reexamined using EFA.  

Based on the results of the second EFA, the remaining items were used 

in confirmatory factor analysis (CFA) to examine the proposed model. The 

CFA was performed using LISREL and the analysis followed the steps for 

using CFA for scale refinement advocated by Byrne (1998) in which the 

hypothesized model was compared to a series of more restrictive models. This 

method allows the researcher to test and compare various models and select 

the one that provides the best fit (Noar 2003).    
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A series of alternative CFA models were tested following methodology 

from previous literature (Byrne 1998, Noar 2003, Ward et al. 2006):  

1) Null Model – each item loads onto a separate latent variable 

2) One-factor model – all items load onto one latent variable 

3) Propensity to create and adopt model 
  
4) Refined Propensity to create and adopt model 

 
 

The resulting improvement in measurement of each model was 

determined by the change in chi-square and degrees of freedom. 

It was apparent from the scale refinement process that the propensity to 

create and adopt scale was attempting to measure too many dimensions of 

innovativeness. The new scale reduced the number of dimensions from five 

(propensity to create new products, propensity to create new processes, 

propensity to create new business systems, propensity to adopt new 

processes, propensity to adopt new business systems) to three (product, 

process, business systems, Figure 1.3). Respondents did not differentiate 

between creation and adoption. The refined scale was composed of 18 items 

equally divided among the three dimensions. Within each dimension, 3 items 

assed the firm’s propensity to create and 3 items assed the firm’s propensity to 

adopt. The items used in the refined scale were items that were used in the 

propensity to create and adopt scale, with the exception of the three items 

assessing adopting new products. Based on feedback from other researchers, 

the propensity to adopt products dimension was included in the refined scale. 

The items used to measure the propensity to adopt new products were 



 38

constructed from the items used to measure the propensity to adopt new 

processes and the propensity to adopt new business systems.  

 

 

Innovativeness 
Financial  

Performance 

Organizational 
climate 

 
Propensity to 

create or adopt 
new products 

 
Propensity to 

create or adopt 
new products 

 
Propensity to 

create or adopt 
new business 

 

Figure 1.3. New innovativeness model proposed based on the results of 
exploratory factor analysis. 
 

 A detailed account of the scale refinement procedure used in Stage I 

can be found in Chapter 3 of this dissertation (Developing a new measure of 

firm innovativeness in the North American softwood sawmilling industry: A 

two-stage approach).  

 

Theoretical Frame of Reference and Operationalization (Stage II) 

 The theoretical frame of reference for Phase II of this study is shown in 

Figure 1.3.   
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Questionnaire 

 The questionnaire used in Stage II of this study was based on the 

questionnaire used in Stage I and can be seen in Appendix 2. This 

questionnaire contained the product, process, and business systems scale 

(developed in Stage I), the organizational climate scale, items assessing the 

number of new products, process and business systems created in the past 

three years, financial performance and some descriptive information 

describing the firms and respondents. The current technology section of the 

questionnaire used in Stage I was not used in Stage II.  

Measurement 

 The measurement of the concepts used in phase II is outlined below. 

Organizational Climate 

The first section of the questionnaire contained the organizational 

climate scale developed for Stage I of this study. The only change to this scale 

was that the items were assessed using a seven-point interval scale, instead 

of the five-point interval scale used in Stage I. 

Product, Process and Business Systems 

The second section of the questionnaire assessed the mill’s propensity 

to create and adopt, as outlined in Figure 1.3. This section was composed of 

18 items, as outlined in Stage I.  

Descriptive Information 

The third section of the questionnaire was designed to acquire 

information about the firm and the respondent. Descriptive information about 
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the firm included size, as measured by the number of employees and annual 

production volume, as well as the relative production volume (%) that is 

structural products and relative production volume that is appearance 

products. Additionally, respondents were asked to indicate the number of new 

products, process and business systems created in the mill during the last 

three years. Descriptive information about the respondent included the 

respondent’s position at the mill and the number of years they have been with 

the company. 

Financial Performance 

The fourth section of the questionnaire measures the financial 

performance of the firm.  This measure was based on previous literature (Dess 

and Robinson 1984). Respondents were asked to rank their facility into one of 

five categories based on how their facility compares with competitors in their 

industry (Bottom 20% to Top 20%).   

Questionnaire Pretesting 

 The questionnaire was pretested with three forest industry consultants 

and three forest industry managers. Each of the pretesters were asked to 

assess the readability and understandability of the questionnaire. Minimal 

changes were made to the questionnaire based on suggestions from the 

pretesters.  

Sampling 

 The sample for phase II of the study was composed of sawmills in the 

United States and Canada. Sawmills located in Quebec were excluded from 
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the study because of a very low response rate from this region in Stage I of 

the study. The sample frame consisted of all sawmills in the U.S. and Canada 

that are listed in the 2005 Big Book, that were not included in Stage I of the 

study.   

 An attempt was made to contact each of the sawmills in the study by 

telephone. The purpose of the call was to identify the top manager at the mill 

and to confirm the mailing address and fax number.  

Each sawmill was mailed a study announcement letter, addressed to 

the top manager, providing a description of the study objectives, methodology, 

and expected outcomes.  

Approximately one week after mailing the announcement letter, the top 

manager at each of the selected sawmills was faxed a cover letter with an 

accompanying copy of the questionnaire. The cover letter outlined the 

objectives of the study, methods, the expected outcomes of the study, and 

described how to respond to the questionnaire. Respondents were 

encouraged to respond by fax, however, they were given a mailing address 

where they could send their completed questionnaire. Additionally, a URL was 

provided where the questionnaire was available in on-line format. 

Approximately one week after the faxing of the original questionnaire, a 

reminder postcard was mailed to all sawmills that had not responded. 

Approximately two weeks after the reminder postcard, a second questionnaire 

packet was be faxed to all sawmills that had not responded.  
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Due to a lower than expected response rate from the faxing of 

questionnaires, a questionnaire packet was mailed to all sawmills that had not 

responded to the first two rounds of faxes approximately one week after the 

second questionnaire packet was faxed.  

Refining the product, process and business systems scale 

 The product process and business systems scale was refined following 

the procedures used in Stage I. This process resulted in a 15-item scale. A 

detailed account of the scale refinement process can be found in Chapter 3 of 

this dissertation (Developing a new measure of firm innovativeness in the 

North American softwood sawmilling industry: A two-stage approach). 
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Introduction 

 Changes occurring over the last decade have resulted in the North 

American softwood lumber industry struggling to remain competitive, with the 

major drivers of change being environmental regulation and competitive 

factors resulting from the globalization of the forest products industry (Juslin 

and Hansen 2003). Previous research has identified the development and 

adoption of new products, processes and business systems, or firm 

innovativeness, as ways firms can maintain, or even improve, 

competitiveness. 

Innovation is an important driver of firm growth (e.g. Narver and Slater 

1990, Han et al. 1998,) and being innovative through development of new or 

improved products, processes or business systems can help a company better 

identify and satisfy consumer needs, stay ahead of the competition, explore 

new markets, etc. Increasingly, competitive markets have led firms to view 

innovation as more than just a requirement for growth, but necessary for 

survival (Frambach 1993, Chihiro et al. 2004). While innovativeness has been 

widely researched in other manufacturing fields, only recently has attention 

focused on the forest products industry (Hansen et al. 2006). 

This research concentrates on exploring the current situation with 

respect to innovativeness in the North American softwood lumber industry. 

The current sector situation was examined to accomplish the following 

objectives: 

1.   Assess the current level and focus of innovativeness in the North 
American softwood sawmilling industry using three methods 
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2. Compare three methods for assessing firm innovativeness in the 

softwood sawmilling industry with regards to manufacturing processes 
 
3.  Assess the relationship between firm innovativeness and financial 

performance in the softwood sawmilling industry 
 
Theoretical background 

Innovativeness 

Firm innovativeness has been defined in various ways in previous 

research. One common definition of an innovative firm is a firm that adopts 

innovations (Utterback 1974, Daft 1982, Attewell 1992). Based on this 

definition, the more innovations a firm adopts, the more innovative it is. Rogers 

(2003) defines innovativeness as “the degree to which an individual or other 

unit of adoption is relatively earlier in adopting new ideas than any other 

member of the system.” Hurley and Hult (1998) present a broader definition 

that included more than just the adoption of innovations, but environment as 

well defining innovativeness as “the notion of openness to new ideas as an 

aspect of a firm’s culture.” Other definitions have considered the ability of firms 

to adopt or create innovations. Foxall (1984) defined innovativeness as the 

“capacity and tendency to purchase new products and services.” Gebert et al. 

(2003) used a definition adapted from Glynn (1996) defining innovativeness as 

“the capacity of an organization to improve existing products and/or 

processes, and the capacity to utilize the creativity resources of the 

organization to the full[est].” Recent work by Hovgaard and Hansen (2004) 

examined aspects of innovation in the forest products industry in Oregon and 

Alaska. In this work, three aspects of innovation were identified, product, 
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process, and business systems. This work showed that firms view not only 

new products and manufacturing processes as innovations but also new 

business systems. 

Two components of innovativeness have been identified in the previous 

literature: (1) creation and (2) adoption. The definition of innovativeness used 

in this study is a more comprehensive definition, adapted from the previously 

outlined definitions. In this study, innovativeness is defined as the propensity 

of firms to create and/or adopt new products, manufacturing processes, and 

business systems. 

Product innovation is a successful change in a firm’s output and can be 

in the form of either goods or services (Kubeczko and Rametsteiner 2002). 

Process innovation (technical innovation) is the introduction of new elements 

in an organization’s production process (Damanpour et al. 1989). Business 

systems innovation does not provide a new product or service, but consists of 

the introduction and integration of new management systems, marketing 

methods, administrative processes, or staff development programs (Hovgaard 

and Hansen 2004, Crespell et al. 2006). 

Many studies have shown the relationship between innovation and firm 

performance to be positive (e.g., Damanpour et al. 1989, Narver and Slater 

1990, Han et al. 1998, Hurley and Hult 1998, Crespell et al. 2006). These 

studies covered a number of industries ranging from forest products to 

banking. 
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The innovativeness portfolio that best fits a company will depend on its 

organizational culture and strategic orientation (Deshpande et al. 1993). 

Production oriented companies may benefit most from process innovativeness 

(Gatignon 1997), while market oriented companies may benefit most from 

focusing on a combination of the three types of innovativeness. Previous 

research has shown that a balanced level of these three elements of 

innovativeness is more advantageous to firm performance (Damanpour et al. 

1989). However, in mature industrial markets, such as solid wood products, 

there has traditionally been a focus on process innovativeness (Cohen and 

Sinclair 1990, Lee et al. 1999, Utterback 1994). There are many reasons for 

this focus including standardized products, numerous distribution channels 

that don’t often connect final users with the producer, and a focus on cost 

elements that drive higher contribution margins rather than price. 

Organizational Climate 

 Deshpande and Webster (1989) define organization culture as “the 

pattern of shared values and beliefs that help individuals understand 

organizational functioning and thus provide them norms for behavior in the 

organization.” The pervasion of an organization’s culture is climate, with the 

organization’s climate based on the type of organizational culture. Elements of 

organizational climate, such as trust, problem solving, communications, 

teamwork, decision making, have a direct affect on firm innovativeness. 

Consequently, certain organizational climates will foster innovativeness while 

others will stifle it. 
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Previous approaches to measuring innovativeness 

 Innovativeness has been studied extensively in previous literature, 

resulting in multiple methods for measuring this construct. Five approaches to 

measuring firm innovativeness were identified in previous literature: (1) current 

technology, (2) self-evaluation, (3) intellectual property, (4) research and 

development funding and (5) number of new products. The following provides 

an overview of current technology and self-evaluation, the two methods used 

to measure innovativeness in the current work. 

Current technology 

A method of measuring innovativeness commonly used in the literature 

is based on the technology currently being used within the firm (Robertson and 

Wind 1980, Robertson and Wind 1983, Kotabe 1990, Subramanian and 

Nilakanta 1996, West and Sinclair 1991, Lee et al. 1999). Current technology 

has been the most commonly used methodology to measure innovativeness in 

the forest products industry (Fell et al. 2003). 

Fell et al. (2003) identified two methods that had been previously 

developed for measuring innovativeness with the current technology of the 

firm. With the first method, known as the Rogers method (Rogers 2005), 

individuals or firms are divided into adopter groups based on the time an 

innovation was adopted. The major advantage of this method is that it can be 

simply applied. However, there are several shortcomings of this method, the 

most significant being that respondents must be capable of recalling the time 

of adoption of a specific innovation (Rogers 2005). Another significant 
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shortcoming is that the method assumes that the innovation is equally 

available to all potential adopters. Many innovations, for example, are only 

available through licensing of a patent. Depending on the type of license (e.g., 

exclusive versus nonexclusive) and cost, the availability of the innovation can 

become severely limited or widely available. 

The second method of measuring innovativeness, the cross-sectional 

method, was originally developed by Robertson (1971). In this method, 

innovativeness is determined by measuring the number of new products 

owned or used by a firm at a given point in time. Each of these products will be 

at a different point in the diffusion process. Robertson (1971) assumes that the 

most innovative firms will be using the most new products at any time. This 

method improves on the Rogers method by using more than one innovation to 

measure innovativeness. The problem of recall is also reduced because the 

time of adoption is not included. However, nonadopters are excluded from 

further analysis because product adoption is a prerequisite in this type of 

analysis. The cross-sectional measure of innovativeness requires a 

comprehensive list of innovations in a product category. The items in the list 

cannot include substitute or mutually exclusive items because these items 

would cause innovativeness to be underestimated.  

Based on Midgely and Dowling (1978), Fell et al. (2003) determined 

that the Rogers method and the cross-sectional method of measuring 

innovativeness do not measure the same construct. Fell et al. (2003) 

developed a composite method to measure innovativeness designed to 
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account for some of the limitations of both the Rogers and cross-sectional 

methods. The composite method is based on a product category and accounts 

for the time of adoption. The innovativeness score is dependent upon when 

innovations are adopted relative to adoption by other firms and assumes that 

innovations are equally available to all potential adopters. Fell et al. (2003) 

compared the composite method to the Rogers and cross-sectional methods. 

The composite method of measuring innovativeness was able to capture both 

elements simultaneously. The authors conclude that this method may be 

superior when segmenting industrial markets for new products. 

Rogers (2003) points out several “methodological curses” with 

measuring the time of adoption of innovations. One of these curses is the 

respondent’s ability to accurately recall the time of adoption. Accurate recall is 

dependent upon the innovation’s importance to the individual, the length of 

time since the innovation was adopted and individual respondent 

characteristics, such as memory. Additionally, while current technology 

measures adoption, it does not necessarily account for implementation. 

Tornatzky and Klein (1982) note that a dependent measure of innovativeness 

should include both. 

Measuring innovativeness through an assessment of technology 

reduces bias that may be present in self-evaluated measures of innovation. 

However, a problem arises when determining if possession of the latest 

technology really means that a firm is innovative. For example, consider a firm 

that has been manufacturing a product for 80 years using the same 
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technology. Eventually, equipment will fail beyond repair and must be 

replaced. In this case, replacement with state-of-the-art equipment, does not 

indicate an innovative firm when compared to other firms that continually adopt 

state-of-the-art equipment. In other words, was innovativeness the driver 

behind the purchase of the state-of-the-art equipment? Current technology 

does not provide an answer to that question. Using current technology to 

assess innovativeness provides researchers with a measure of the level of 

process innovation but does little to assess product and business systems 

innovation. 

Self-evaluation 

Self-evaluation is a common method of measuring innovativeness 

(Carter and Williams 1959, Wallach 1983, Capon, et al. 1992, Wind and 

Mahajan 1997, Gebert et al. 2003, Crespell et al. 2006). When using self-

evaluation, respondents are asked to rate the innovativeness of their firm 

using an interval scale. Respondents are typically firm managers and thus, 

intimately familiar with the day-to-day operations of the firm. However, this 

perceptions-based approach also has the potential to introduce bias. 

One weakness that is present in nearly all studies using a self-

evaluation approach is the use of only one respondent per firm. Perceptions of 

only one respondent per firm do not allow researchers to assess response 

bias. 

Capon et al. (1992) used a self-assessment scale to measure firm 

innovativeness, the competitive environment, strategy, aspects of the formal 
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organization and aspects of the informal organization in large manufacturers in 

the United States. Firm innovativeness was measured using four items: (1) 

firm’s realized growth; (2) revenues from technology; (3) tendency to be a 

pioneer; and (4) sophistication of technology. The tendency to be a pioneer 

and sophistication of technology were measured using interval scales. 

Crespell et al. (2006) used self-assessment to measure innovativeness 

in the North American softwood sawmilling industry. Product, process, and 

business system innovativeness was assessed in the study using a three-item, 

five-point interval scale. The study showed that process innovation was 

significantly higher than product and business systems innovation.  

Carter and Williams (1959) used a self-evaluation scale to assess the 

technical progressiveness of firms. Respondents were asked to asses the 

technical progressiveness of the firm on 29 categories using a scale of 0 to 10, 

with 10 being the most technically progressive and 0 the least. The authors 

divided the firms into three groups based on the analysis of the data: 

“(a) Those which are in the forefront of discovery in applied science and 
technology, quick to master new ideas and to perceive the relevance of 
work in neighbouring fields. 
(b) Those which are quite uninterested in science and technology, and 
are perfectly content to continue with traditional methods without even 
examining the alternatives. 
(c) A large middle group, neither outstanding leaders in technology nor 
wholly uninterested in it.” 
 

 Deshpande and Farley (2004) used a self-evaluation scale to assess 

the innovativeness of firms operating in business-to-business markets. 

Respondents were asked to assess their firm using interval scales on five 

items adapted from Capon et al. (1992). The results showed that firm 



 60

performance was positively correlated to innovativeness. The authors 

emphasize the need for a more universally reliable scale for measuring 

innovativeness noting that the innovativeness scale is dependent on the 

product life cycle. 

Theoretical Frame of Reference and Operationalization 

 The theoretical frame of reference used in this study can be seen in 

Figure 2.1. This figure provides a visual representation of the concepts to be 

assessed in this study. 
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Figure 2.1. Study framework outlining concepts to be assessed in this study. 

Concept measurement 

Innovativeness 

 Innovativeness was measured using the three methods as outlined in 

Figure 2.1. 
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Measure 1 was a self-evaluation scale consisting of three items: product, 

process, and business systems innovativeness (Crespell et al. 2006). The 

items were assessed using a five-point interval scale with 1 = not innovative at 

all and 5 = very innovative. 

Measure 2, the propensity to create and adopt scale, was composed of 

25 items. Each of the items was assessed using five-point Likert scales with 1 

= disagree and 5 = agree. The 25 items were equally divided to measure 

propensity to create new products, new manufacturing process, new business 

systems and the propensity to adopt new manufacturing processes and new 

business systems. The propensity to adopt new products was not included in 

the framework because the authors argue that sawmills adopt new products 

by adopting the manufacturing process required to produce the product. For 

example, if a sawmill begins production of a finger-jointed wood product, the 

mill must first adopt the manufacturing process before it can begin producing 

the product. 

Measure 3, current technology, was composed of a list of machine 

centers that may be used in the processing of softwood lumber. Respondents 

were asked to indicate whether or not their mill has each technology. For each 

existing machine center, respondents selected the type of scanning 

equipment, if any, that is currently being used. Additionally, respondents 

indicated the year of the last upgrade to both the machine center and the 

scanning equipment. Respondents indicated whether the mill used certain 

business systems innovations. For each of these business systems 
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innovations the mill used, the year of adoption by the mill was collected. The 

processing and business systems technologies selected for use in this study 

were based on interviews with sawmilling experts from industry and academia. 

Organizational climate 

 Organizational climate was measured using a scale that was developed 

for this study, composed of 10 items based on the antecedents to 

innovativeness outlined by Hurley and Hult (1998). The items in the scale were 

assessed using five-point Likert scales with 1 = disagree and 5 = agree. 

Sawmill performance 

 Sawmill performance was measured using self-evaluation scales on 

two items: sales growth and gross profit (Crespell et al. 2006). Respondents 

were asked to rate their facility based on how their facility compares with 

competitors in their industry using a 5-point scale with 1 = lowest 20%, 2 = 

next lower 20%, 3 = middle 20%, 4 = next highest 20% and 5 = highest 20%.  

Descriptive information 

 In order to characterize the sample in this study, descriptive information 

was collected about each sawmill. This first piece of descriptive information 

collected was the relative volume of each of the following species being 

produced by the sawmill: 1) southern pine, 2) spruce pine fir west, 3) spruce 

pine fir east, 4) Douglas-fir, 5) hem-fir and 6) other. Additional information 

included the number of employees at the sawmill, annual production volume, 

respondent position at the sawmill, and the number of years the respondent 

has been employed with the sawmill. 
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Questionnaire Development 

 A questionnaire designed to measure innovativeness in the North 

American softwood sawmilling industry was developed consisting of six major 

sections: 1) self-evaluation of innovativeness, 2) the propensity to create and 

adopt, 3) organizational climate, 4) current sawmill technology, 5) mill 

performance, and 6) descriptive information about the sawmill.  

Questionnaire Pretesting 

The questionnaire was pretested with 13 forest industry managers, as 

well as reviewed by sawmilling experts in academia and industry. Minimal 

changes were made based on their suggestions. 

Sampling 

Five hundred sawmills in North America (U.S. and Canada) were 

randomly selected from The Random Lengths Big Book (Random Lengths 

2004). The survey targeted to the top three individuals at each sawmill 

including, but not limited to, the mill manager, shift supervisor, quality control 

supervisor, and owner. In an attempt to identify the name of the mill manager, 

at least two telephone calls were made to the mill. For those mill managers 

that were not successfully contacted, the questionnaire packet was addressed 

to the mill manager. 

A modified Dillman approach (Dillman 1978) was used for the mailing. 

The first wave was mailed in May 2005, followed approximately two weeks 

later by a reminder postcard. For the first wave, each of the 500 randomly 

selected sawmills were sent a questionnaire packet consisting of three 
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questionnaires, three self-addressed, stamped return envelopes and a cover 

letter that briefly described the purpose of the study and identified the target 

audience for the questionnaire. The cover letter provided instructions for the 

distribution of the three questionnaires to three independent respondents. 

In the reminder postcard, the mill manager was informed that 0/3, 1/3, 

or 2/3 completed questionnaires had been received from that sawmill. The 

second wave, mailed approximately two weeks later, contained a 

questionnaire packet similar to that of the first wave. The second wave of 

questionnaires was followed up with telephone calls to the non-responding 

mills. For mills choosing not to respond to the questionnaire after the second 

wave, an attempt was made to collect descriptive data to be used in testing for 

non-response bias. The information collected from the mills that did not 

respond included the relative volume of species processed and size, as 

measured by number of employees and production volume.  

Analysis 

 Non-response bias was tested using the method advocated by 

Armstrong and Overton (1977). The first thirty respondents were compared to 

the last thirty respondents on the number of employees, product 

innovativeness, process innovativeness and business systems 

innovativeness. The results of the independent samples t-tests showed no 

significant differences between these two groups with all p-values being above 

0.05. 
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Non-response bias was also assessed using descriptive information 

collected through follow-up calls to non-responding mills. Twenty-one of 47 

non-responding mills contacted provided descriptive information. The results 

of independent samples t-tests showed no significant differences between 

responding and non-responding mills the number of employees and 

production volume, with all p-values above 0.05. 

Since the questionnaires were sent to three managers at each sawmill 

and not all sawmills responded with three responses, the response from the 

mill manager was used for analysis. The mill manager was selected so the 

response would be from the senior manager at the mill. If the mill manager did 

not respond, the response of the highest ranking respondent from that mill was 

used. This results in only one respondent per mill used for analysis. 

Prior to conducting analyses, normality was assessed for each of the 

variables, with results showing all were consistent with a normal distribution. 

Innovativeness and organizational climate 

 Composite values for the self-evaluation measure of innovativeness, 

the propensity to create and adopt scale, and the organizational climate scale 

were calculated. A one sample t-test was used to determine if the means for 

these scales were significantly different from the midpoint of the scale (3). 

 A current technology index was created using the following 17 

technologies: log bucking, headrig, resaw, gangsaw, edger, planer, trimmer, 

sorter, small log processor, curve sawing, automatic grading, automatic saw 

tipper, automatic saw tensioner, real-time scanning, in-line moisture meter, dry 
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kiln and inventory tracking system. When coding the data, responding 

sawmills were given a 1 for each of the technologies being used in the mill and 

a 0 for each that was not being used in the mill. The corresponding time of 

adoption was coded as the actual year of adoption. If no year was indicated, a 

0 was entered for the time of adoption. 

 The current technology index was calculated by summing up the 

number of technologies adopted by each responding mill. The mean and 

standard deviation were calculated for and were used to identify three groups 

of sawmills based on level of technology adoption: high tech, medium tech and 

low tech. The high tech group included all mills with current technology index 

scores more than one standard deviation above the mean and the low tech 

group included all mills with current technology scores more than one standard 

deviation below the mean. All mills within one standard deviation of the mean 

were included in the medium tech group. These groups were used to 

determine how well the self-evaluated and propensity to create and adopt 

measures differentiated between high and low tech sawmills. T-tests were 

used to determine if the mean of the high tech group was significantly different 

than the mean value of the low tech group. 

Sawmill performance 

Sales growth and gross profit were used as dependent variables and 

each of the three measures of innovativeness were used as independent 

variables in simple linear regression analysis to assess the relationship 

between performance and innovativeness. The results of the regressions 
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using self-evaluated process innovativeness, current technology and the 

propensity to create new processes and adopt new processes as dependent 

variables were compared to determine which measure best explains the 

variation in sawmill performance. 

Descriptive information 

 The descriptive information collected was used to characterize the 

sample. Average mill size (as measured by number of employees and 

production volume) and total production volume were calculated. Additionally, 

mean relative production volume (weighted by production volume) for each 

species was calculated. 

Results 

Response information 

From an initial sample size of 500, an adjusted sample size of 447 

sawmills was achieved because of 53 undeliverable survey packets. In total, 

165 (adjusted response rate of 12.4%) completed questionnaires from 85 

(adjusted response rate of 19.0%) different mills were returned. Of the 

responding mills, 32 returned one questionnaire (37.6%), 24 returned two 

questionnaires (28.2%), and 29 returned three questionnaires (34.1%). 

Descriptive information 

  We were largely successful in obtaining responses from top managers 

at our sampled mills (Table 2.1), with 44% of responses coming from the mill 

manager. On average, respondents were employed by their current company 

for 17 years, with responses ranging from one year to 60 years of tenure. 
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Table 2.1. Respondent’s position at sawmill. 
Position Number of respondents Percent 
Mill manager 70 44 
Shift manager 27 16 
QC supervisor 23 14 
Owner 10 6 
Other* 32 20 
*other includes: president, vice president, controller, sales manager, regional manager, etc…  

 Respondents represented both large and small sawmills, as measured 

by the number of employees and annual production (Table 2.2). Responding 

mills were of all sizes, with an average of 112 employees and ranging from as 

few as two employees up to 695 employees. The average annual production 

for responding mills was 90 MMBF, with a maximum of 445 MMBF and a 

minimum of less than 1 MMBF. The total annual production for responding 

mills was 7.5 billion board feet, representing approximately 12.2% of the total 

softwood lumber production in The United States and Canada in 2005 (FAS 

2006). 

Table 2.2. Number of employees and annual production of responding 
sawmills.  
  n Mean Stnd. Dev. Max. Min. 
Number of employees 83 112 97 695   2 
Annual production (MMBF) 83 90 89 445 <1 
 

Figure 2.2 shows the relative volume of species processed by the 

responding sawmills. It can be seen that all of the major softwood species 

groups are represented. The species processed in the largest volume was 

Douglas-fir, representing 28.3% of the total production of respondents. 

Southern pine represents 19.7% of total production followed by hem-fir 

(17.8%). 
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Figure 2.2. Relative volume of softwood species processed by responding 
mills.  
(* Includes redwood, eastern white pine, cedar, lodgepole pine, cypress, sitka spruce) 
 

Innovativeness 

 Table 2.3 contains results of the self-evaluated measure of 

innovativeness, the propensity to create and/or adopt and the organizational 

climate scales. It can be seen that the major focus of the industry, as indicated 

by both the self-evaluated scale and the propensity to create and adopt scale, 

is on process innovativeness. Process innovativeness was rated highest on 

both of these scales, which is consistent with the results of previous research 

in the sawmilling industry (Crespell et al. 2006). It is important to note that the 

average values of all types of innovativeness from both scales are near the 

scale midpoint (3), indicating that the respondents do not have strong, positive 

views on the innovativeness of their mills. No statistically significant 

differences existed from the midpoint of the scale for the composites of both 

the self-evaluated and the propensity to create and adopt scales. 
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Table 2.3. Results of self-evaluated and propensity to create and/or adopt 
measures of innovativeness in the North American softwood sawmilling 
industry. 
 
Measurement  

 
n 

 
Mean 

Stnd. 
Dev. 

Cronbach’s 
α 

Self-evaluated product innovativeness* 83 2.85 1.05 N/A 
Propensity to create new products 82 3.10 0.92 0.919 
Self-evaluated process innovativeness* 83 3.35 1.04 N/A 
Propensity to create new processes* 81 3.69 0.77 0.886 
Propensity to adopt new processes* 82 3.35 0.93 0.921 
Self-evaluated business systems innovativeness 83 2.96 1.01 N/A 
Propensity to create new business systems* 81 3.18 0.87 0.915 
Propensity to adopt new business systems 80 3.01 0.85 0.937 
Self-evaluated composite 83 2.97 0.79 0.684 
Propensity to create and adopt composite 82 3.26 0.75 0.972 
Organizational climate* 82 3.78 0.57 0.933 
* Denotes significantly different from midpoint of scale (3) at alpha = 0.05 

Current Technology 

 Figure 2.3 shows the percentage of responding mills currently using 

each of the machine centers assessed in this study. Edgers and trimmers 

were the most frequently used machine centers, being used in more than 90% 

of responding mills. Curvesaws were the least frequently used machine 

center, being used in only about 30% of responding sawmills. 

Figure 2.4 shows the percentage of mills using each of eight possible 

processing technologies. The majority of the responding mills currently have a 

dry kiln, with 1986 being the average year of adoption. Over 50% of mills 

currently use an inventory tracking system, with 1997 being the average year 

of adoption. Just over 10% of responding mills currently use an automatic 

grading system. 
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Figure 2.3. Percentage of sawmills using each machine center to process 
softwood lumber. 
 

Figure 2.5 outlines the type of scanning technology used by machine 

center at the responding sawmills. Responding mills lacking a particular 

machine center were excluded from calculations. For all machine centers 

except the small log processor, the majority of respondents indicated their mill 

does not have any scanning equipment. In fact, more than 60% of 

respondents do not have any scanning equipment on the log bucking, resaw 

and planer machine centers. More than 50% of respondents indicated they do 

not have any scanning equipment on the sorter. For all machine centers 

except the planer and sorter, 3D was the most frequently used scanning 

technology.  
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Figure 2.4. Percentage of sawmills using processing innovations to produce 
softwood lumber. 
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Figure 2.5. Type of scanning technology used by machine center in 
responding softwood sawmills. 
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For all machine centers, real-time scanning was more frequently used 

than real-shape, with less than 10% of responding mills using both real-time 

and real-shape scanning on each machine center. The planer had the lowest 

frequency of use of real-shape and both real-time and real-shape scanning 

technologies.  

Relationship between innovativeness and performance 

 Table 2.4 shows the relationship between the current technology index 

and sawmill performance. The current technology index was significantly 

related to sales growth but not with gross profit. 

 
Table 2.4. Coefficients of determination (r2) for the relationship between 
current technology and performance.  
 Performance 
 Sales growth Gross profit 
Current technology index   0.29* 0.16 
* Denotes significant at alpha = 0.05 

 

 Table 2.5 shows the relationship between the self-evaluated measure 

of sawmill innovativeness and sawmill performance. Sales growth was 

significantly related to the self-evaluated process and business systems 

innovativeness but not to self-evaluated product innovativeness. Gross profit 

had a significant relationship to self-evaluated business systems 

innovativeness but not to self-evaluated product or process innovativeness. 

Sales growth had the strongest relationship with self- evaluated process 

innovativeness. Gross profit had the strongest relationship with self-evaluated 

business systems innovativeness. The self-evaluated composite measure of 

innovativeness was significantly related to both sales growth and gross profit. 
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This relationship was also stronger than any of the individual self-evaluated 

measures of innovativeness, showing that firms focusing on all three aspects 

of innovativeness are more successful than firms that only focus on one 

aspect of innovativeness. 

 
Table 2.5. Coefficients of determination (r2) for the relationship between 
sawmill performance and self-evaluated innovativeness.  
 Performance 
Self-evaluated Sales growth Gross profit 
Product innovativeness 0.21 0.21 
Process innovativeness   0.39* 0.22 
Business systems innovativeness   0.25*   0.23* 
Composite innovativeness   0.37*   0.28* 
* Denotes significant at alpha = 0.05 

 

 Presented in Table 2.6 is the relationship between innovativeness as 

measured by the propensity to create and/or adopt new products, processes 

and business systems and sawmill performance. Sales growth was 

significantly related to the each of the propensity to create and/or adopt 

measures.  

 
Table 2.6. Coefficients of determination (r2) for the relationship between 
sawmill performance and the propensity to create and/or adopt. 
 Performance 
Propensity to Sales growth Gross profit 
Create new products 0.30*  0.19 
Create new processes 0.46*   0.29* 
Create new business systems 0.48*   0.30* 
Adopt new processes 0.35*   0.26* 
Adopt new business systems 0.33*  0.18 
Create and adopt composite 0.45*   0.29* 
* Denotes significant at alpha = 0.05 
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Gross profit was related to all propensity to create and/or adopt measures 

except the propensity to create new products and propensity to adopt new 

business systems. The strongest relationship was between the propensity to 

create new business systems and sales growth (r2=0.48). The propensity to 

create new business systems had the strongest relationship with sales growth. 

The create and adopt composite measure had the strongest relationship with 

sales growth. 

Comparison of self-evaluated and propensity to create and adopt scales 

 Table 2.7 shows the results of t-tests comparing means of high-tech 

and low-tech sawmills on the self-evaluated and propensity to create and 

adopt scales, as well as Cronbach’s alpha values for each of the scales. 

Significant differences were found between high- and low-tech mills using all 

scales except the propensity to create new products. These results show that 

both the self-evaluated and the propensity to create and adopt scales do well 

in differentiating between high and low-tech mills. The propensity to create and 

adopt scales have Cronbach’s alpha values above the minimum cut-off point 

of 0.80 recommended by Hair et al. (1989). In contrast, the composite of the 

self-evaluated scale has a Cronbach’s alpha value below this recommended 

cutoff point. This result indicates that propensity to create and adopt scale is 

more reliable than the self-evaluated scale. 
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Table 2.7. Comparison of high-tech and low-tech sawmills.   
 Mean  Cronbach’s 
Scale High  Low p- value Α 
Self-evaluated product 3.0 2.4   0.038 - 
Self-evaluated process 3.7 2.5   0.001 - 
Self-evaluated business systems 3.0 2.4   0.046 - 
Self-evaluated composite 3.2 2.4   0.004 0.684 
Propensity to create new products 3.3 2.8   0.084 0.919 
Propensity to create new processes 4.0 2.8 <0.001 0.886 
Propensity to create new business systems 3.4 2.6   0.012 0.915 
Propensity to adopt new processes 3.7 2.6 <0.001 0.921 
Propensity to adopt new business systems 3.2 2.4   0.011 0.937 
Propensity to create/adopt composite 3.5 2.6   0.001 0.972 
 

Discussion and conclusions 

Comparison of self-evaluated and propensity to create and/or adopt 

The results of the self-evaluated innovativeness and innovativeness 

assessed using the propensity to create and/or adopt scale were similar. 

Respondents generally rated the innovativeness of their mills at or near the 

midpoint of the scale. The major difference between these two scales is that 

respondents are directly attempting to assess the product, process and 

business systems innovativeness of their operations using the self-evaluated 

scale, while the propensity to create and/or adopt scale assesses these 

concepts indirectly, using several items. The self-evaluated methodology 

introduces the potential for respondents to interpret or define these constructs 

inconsistently. With nearly as many definitions of innovativeness as there are 

articles published on the subject, it follows that each manager will have a 

different definition of the concept. Since the propensity to create and/or adopt 

scale uses multiple items to indirectly assess product, process and business 

systems innovativeness, the impact of differing definitions of innovativeness is 
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reduced. Additionally, multiple item scales are generally considered to be 

more reliable than single-item scales (Churchill 1979). 

Problems with current technology 

The analysis revealed several problems with using current technology 

to assess firm innovativeness. The first problem is that not all respondents 

indicated the time of adoption for each technology. This item non-response 

resulted in artificially low technology index scores for some mills. The amount 

of time involved to accurately verify time of adoption and a lack of accurate 

time of adoption information are some of the reasons why respondents do not 

indicate the time of adoption. 

The second problem with using technology is that not all sawmills 

require the same technology. This phenomenon is what Rogers (2003) refers 

to as perceived compatibility. In other words, is the innovation compatible with 

a sawmills current needs? Capital and credit availability would also be 

considered compatibility attributes. For instance, a firm may be interested in 

purchasing a new high speed edge trimmer, but it simply does not have the 

funds or credit to purchase it. Does that make the sawmill less innovative?  

The processing technology used in the mills depend on several factors 

including the composition of the raw material (species, diameter, length, etc…) 

and the final products produced (dimension lumber, cants, etc…) and 

therefore it is difficult to determine if a mill is less or more innovative based on 

the technologies that are present in the mill. For example, a curve saw may 

not useful for a mill that only processes beams from large diameter Douglas-
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fir. The current technology index does not account for differences in 

manufacturing in the sawmilling industry and penalizes mills for not having 

these technologies. Creating a comprehensive, yet logical and feasible list of 

technologies has shown to be problematic in previous research (Rogers 

2003). 

There are several factors (constraints) that can result in a firm not using 

specific machines, yet the firm would be found to be very innovative if the 

constraints did not exist. In other words, the constraints act as moderators of 

innovativeness. Availability of capital and availability of credit, in particular, are 

two finance related factors that can significantly impede the purchase and use 

of equipment. Pre-existing equipment and the ability to integrate innovative 

technologies with the pre-existing equipment is another factor that can impede 

the adoption of equipment innovations. Other competitive advantages, such as 

an extremely efficient and effective distribution channel, can allow the firm to 

focus their resources on maintaining their competitive advantage such that 

innovative equipment purchases are considered relatively unimportant and/or 

unnecessary. These factors are not accounted for when using current 

technology to assess firm innovativeness. 

A third problem with the technology index is related to inconsistency 

between multiple respondents from the same mill. Current technology was 

assessed in this study by respondents indicating if the mill had each of a list of 

technologies. Since each of the three respondents from one mill worked in the 

same mill, the assessment of technology should be consistent among the 
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respondents. However, this was often not the case with the respondents in this 

research. Out of the mills with two or three respondents, the current 

technology responses were inconsistent in 44 out of 53 cases for mills with 

more than one response. As a result of these inconsistencies, only one 

response from each mill was used.  

Finally, the use of current technology does not account for all three 

aspects of innovativeness – product, process and business systems. Of the 

eight technologies assessed in this study, seven were manufacturing 

technologies and one was a business system. This method relies on one 

business system to account for that aspect of innovativeness and does not 

account for product innovativeness at all. 

Performance and innovativeness 

 Consistent with previous research in the North American softwood 

sawmilling industry, respondents felt their operations were most innovative in 

the area of manufacturing processes. Performance also generally had the 

strongest positive relationship with process innovativeness. Sales growth had 

the strongest positive relationship with self-evaluated process innovativeness 

and the propensity to create and/or adopt new processes. Gross profit, on the 

other hand, had the strongest relationships with the self-evaluated business 

systems innovativeness and the propensity to create new business systems. 

The composite of the propensity to create and/or adopt scale had strong, 

positive relationships with both of the performance measures. This result is 
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consistent with previous work showing that firms benefit from a balanced 

innovative focus (Damanpour et al. 1989).  

One potential reason for the relatively weak relationships between 

current technology and sawmill performance is that mills with more innovative 

equipment will likely have higher capacity. As a result, the mill will have to sell 

more product. The increased volume of product will not necessarily be sold at 

an increased margin, but may actually be sold at a lower margin to keep the 

mill from holding excess inventory. 

Limitations 

One limitation of this research is a small sample size. While the 

response rate for this study is consistent with other industrial-based studies 

targeting top managers, a larger sample size might lead to more explanatory 

power in the relationship between firm performance and the propensity to 

create and/or adopt. Additionally, an attempt was made to obtain more than 

one response from each mill. This methodology was not completely successful 

with only 29 out of 83 responding mills providing responses from three people. 

This inconsistency in responses among mills resulted in analysis performed on 

average values for some mills and one response from other mills. 

An additional limitation of this work is it does not account for a the effect 

upgrading one machine center may have on the surrounding machine centers. 

The selection of certain machine centers will dictate other machine centers in 

the manufacturing process. Future work should investigate this. 
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Future work 

 The initial analysis of the propensity to create and/or adopt scale shows 

that it performs well compared to previously developed measures of firm 

innovativeness. However, this iteration of the scale is only the initial attempt to 

develop a new, robust measure of innovativeness. Future work will be required 

to refine this scale. 

Managerial implications 

 The softwood sawmilling industry has traditionally had a commodity 

product orientation. As a result, firms have focused on producing at the lowest 

cost and improving processing efficiency by creating and/or adopting new 

processing technology. The results of this study show that focusing on new 

processing technology may not be the best strategy. Firms that were 

innovative in all three areas, product, process and business systems, 

performed better than firms with a focus on manufacturing processes. The 

results show that there is room for improvement for firms in the softwood 

sawmilling industry regarding all aspects of innovativeness. This is particularly 

true for product innovativeness, which respondents ranked the lowest aspect 

of innovativeness with both the self-rated and the propensity to create and 

adopt scales. Managers should keep in mind that the innovative focus of the 

organization must be coherent with the firm’s strategic orientation. 

Consequently, changes in firm strategy may be required to successfully 

implement a new innovative orientation. 
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Introduction 

Innovativeness is a concept that has seen a considerable amount of 

research in recent years in various fields including sociology, psychology, 

economics, marketing, and management. There have been various research 

lines including looking at innovativeness from the perspective of products, 

individuals, or firms. The results of these studies have led to the development 

of two distinct innovativeness constructs. The first construct, largely developed 

from the marketing, sociology and psychology literature, focuses on consumer 

innovativeness. The second construct, largely developed from the 

management, economics, and marketing literature, focuses on firm 

innovativeness. The firm innovativeness construct will be focus of this study.  

Several researchers (e.g. Aiken and Hage 1971, Kimberly and 

Evanisko 1981, and Meyer and Goes 1988) have examined the innovation as 

an outcome, trying to determine the conditions under which an organization 

would innovate. Other researchers (e.g. Van de Van et al. 1989) have 

examined innovation as a process to determine how innovativeness becomes 

a part of the organization. Several other perspectives of innovativeness, 

including rationalistic, voluntaristic, political, institutional, and interpretive 

perspectives, have also been examined (e.g. Abrahamson 1991, Frost and 

Egri 1991, Van de Van and Rogers 1988, Wolfe 1994). A rationalistic 

perspective assumes the world can be described objectively and that rational 

(optimal) solutions to problems can be deduced from these objective 

descriptions. A voluntaristic perspective assumes a firms’ survival and growth 
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depend on individual traits and organizational characteristics. A political 

perspective assumes innovations present a set of conflicts and compromises 

among groups in the firm. An institutional perspective accounts for the 

influence of the institution and how institutions are influenced by organizational 

actors. An interpretive perspective emphasizes the subjective meanings of the 

individuals in a system. Gopalakrishman and Damanpour (1994) note that 

since each of these perspectives examines a specific aspect of 

innovativeness, the results have not been easily reconciled. Even within a 

research perspective, the results are not always consistent (Wolfe 1994). 

Additionally, these multiple research streams have resulted in numerous 

definitions of innovativeness and measurement methodologies and an 

inconsistent viewpoint on the conceptualization and measurement of 

innovativeness (Wolfe 1994, Submranian 1996, Cho and Pucik 2005).  

 While previous research has acknowledged the importance of 

innovativeness, many problems exist with current methods for measuring firm 

innovativeness. Deshpande and Farley (2004) acknowledge the weaknesses 

of scales currently available and call for a universally reliable scale for 

measuring innovativeness. Crespell et al. (2006) also recognize the weakness 

of current scales for measuring innovativeness and call for the creation of a 

robust, reliable, and valid scale to measure the construct of innovativeness.  

This study follows a two-stage scale development process to develop 

and refine a new multi-item measure of innovativeness in industrial 

manufacturing firms. 
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Objectives 

Accordingly, the objectives of the study are:   

1.  To develop a valid and reliable measure of firm innovativeness for firms in 
the North American softwood sawmilling industry 

 
2. Assess the relationship between firm innovativeness and financial 

performance in the North American softwood sawmilling industry 
 
Theoretical background 

Definition of firm innovativeness 

Multiple definitions of firm innovativeness have been developed in 

previous research. An innovative firm has frequently been defined as one that 

adopts innovations (Utterback 1974, Daft 1982, Attewell 1992) and therefore, 

the more innovations a firm adopts, the more innovative it is. Rogers (2003) 

presented a more comprehensive definition, including the time of adoption and 

defining innovativeness as “the degree to which an individual or other unit of 

adoption is relatively earlier in adopting new ideas than any other member of 

the system.”  

Hurley and Hult (1998) identified firm culture as a crucial aspect of 

innovativeness stating that innovativeness is “the notion of openness to new 

ideas as an aspect of a firm’s culture.” Foxall (1984) recognized two aspects of 

firm innovativeness, technical and behavioral progressiveness and presented 

the following definition “capacity and tendency to purchase new products and 

services.” Gebert et al. (2003) combined technical and behavioral 

progressiveness with internal creativity and define innovativeness as “the 

capacity of an organization to improve existing products and/or processes, and 
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the capacity to utilize the creativity resources of the organization to the 

full[est].”  

Recent work by Hovgaard and Hansen (2004) examined innovation in 

the forest products industry in Oregon and Alaska. Three aspects of 

innovativeness were identified; product, process, and business systems, 

showing that firms view not only new products and manufacturing processes 

as innovations but also new business systems. A follow-up study came to a 

similar conclusion regarding innovative in larger forest products firms for the 

U.S., Europe, and Oceania (Hansen et al. 2007). 

The definition of innovativeness used in this study is more 

comprehensive, adapted from the above definitions. Innovativeness is defined 

as:  the propensity of firms to create and/or adopt new products, 

manufacturing processes, and business systems.   

Previous approaches to measuring innovativeness 

The literature contains five methods commonly used to measure 

innovativeness. The advantages and disadvantages of these measures are 

displayed in Table 3.1.  

 The concern over inadequate measures of innovativeness has been 

addressed by numerous authors including Miller and Friesen (1983), Capon et 

al. (1992), Avlonitis et al. (1994), Subramanian and Nilkanta (1996), Hurley 

and Hult (1998), Lyon et al. (2000), Chandler et al. (2000), North and 

Smallbone (2000), Gebert et al. (2003), Wang and Ahmed (2004), and 

Crespell et al. (2006); however, these articles fail to develop a measurement 
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instrument according to generally accepted procedures as outlined in the 

literature (Churchill 1979, Devellis 2003, Netermeyer et al. 2003). 

 
Table 3.1. Previous methods used to measure innovativeness and the 
advantages and disadvantages of each measure. 
Approach Example Studies Advantages Disadvantages 
Current 
technology 

• Robertson and 
Wind (1980) 

• Damanpour and 
Evan (1992) 

• Subramanian and 
Nilakanta (1996) 

• Shook and Ganus 
(2004) 

• Ease of use 
• Can assess 

innovativeness over 
time 

• Does not account for 
product or business 
systems 
innovativeness 

• Often focuses on one 
or a few technologies 

• Assumes each 
technology is equally 
available to each firm 

• Respondent recall is 
not perfect 

Self-
evaluation 

• Capon et al. 
(1992) 

• Gebert et al. 
(2003) 

• Crespell et al. 
(2006) 

• Easy to account for 
multiple aspects of 
innovativeness 

• Respondents are 
familiar with 
organization 

• Can integrate 
aspects of firm 
culture/climate 

• Potential for 
respondent bias 

 

R&D 
funding 

 • Can track 
innovativeness over 
time 

• Funding has not been 
consistently shown to 
correlate positively 
with more innovations 

• Not easy to distinguish 
R&D funding in all 
firms 

• Does not account for 
all aspects of 
innovativeness 

Number of 
new 
products 

• Acs and Audretsch 
(1988) 

• Audretsch and Acs 
(1991) 

• Vazquez et al. 
(2001) 

• Is a direct result of 
innovative process 

• Can track 
innovativeness over 
time 

• Does not account for 
all aspects of 
innovativeness 

Intellectual 
property 

• Mansfield (1986) 
• Dutta and Weis 

(1997) 
• Artz et al. (2003) 

• Can track 
innovativeness over 
time 

• Many ideas are not 
patented or are not 
patentable 

• Patent does not mean 
the idea is being used 
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 Wang and Amed (2004) began the process of developing a new 

measure of organizational innovativeness. However, they only complete one 

stage of the scale development process and they note the shortcoming of their 

research and their organizational innovativeness construct requires further 

research. 

Dimensions of innovativeness 

Previous research has resulted in the development of numerous 

characterizations of innovation: radical or incremental, product or process, 

administrative or technical, to name a few. Wang and Ahmed (2004) provide 

an overview of the numerous multi-dimensional characterizations presented in 

previous literature (Table 3.2). They identified five dimensions of 

innovativeness in previous research, showing the inconsistent view of this 

concept.   

 

Table 3.2. Dimensions of firm innovativeness identified in previous research 
(adapted from Wang and Ahmed (2004)). 
 
Author 

 
Product 

 
Market 

 
Process 

 
Behavior 

 
Strategic 

Business 
Systems 

Schumpeter (1934)  X X X    
Miller and Friesen (1983)   X X X  
Capon et al. (1992)  X   X  
Avlonitis et al. (1994) X  X X X  
Subramanian and Nilkanta 
(1996) 

  X    

Hurley and Hult (1998)     X   
Rainey (1999)    X X  
Lyon et al. (2000) X  X    
North and Smallbone (2000) X X X X   
Boer and During (2001) X  X   X 
Wang and Ahmed (2004) X X X X X  
Crespell et al. (2006) X  X   X 
Knowles et al. (2007) X  X   X 
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Boer and During (2001), Crespell et al. (2006) and Knowles et al. 

(2007) conceptualize innovativeness in a manner similar to Wang and Ahmed 

(2004) but use three dimensions instead of five, where the third dimension is 

business systems innovativeness, a combination of behavioral, strategic, and 

market innovativeness as defined by Wang and Ahmed (2004). One important 

aspect of innovativeness that these studies, with the exception of Knowles et 

al. (2007), fail to account for is the distinction between creation and adoption. 

Previous research has generally considered these two aspects of 

innovativeness independently, with little work considering the two 

simultaneously. 

Principles of scale development 

 The main objective of this work is the development of a new scale to 

measure innovativeness. To meet this objective, a structured scale 

development process was followed. For this work, a process similar to those 

outlined by Churchill (1979), DeVellis (2003) and Netermeyer et al. (2003) was 

followed. While the terminology used in these three processes differs slightly, 

the underlying ideas and the steps involved are similar (Table 3.3). 

By combining some of the steps advocated by DeVellis (2003), each of the 

eight steps are included in the four steps advocated by Netermeyer et al. 

(2003). 

 Based on these scale development principles, a two-stage scale 

development process was followed in this study (Figure 3.1). The process 
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closely follows the procedures recommended by Churchill (1979) and 

implemented by Deng and Dart (1994) and Vazquez et al. (2002).  

 
Table 3.3. Steps advocated in three structured scale development procedures. 
Churchill (1979) DeVellis (2003) Netermeyer et al. (2003) 
• Specify domain of 

construct 
• Determine clearly what it 

is you want to measure 
• Construct definition and content 

domain 
• Generate sample 

of items 
• Generate an item pool • Generating and judging 

measurement items 
• Collect data • Determine the format for 

measurement 
• Designing and conducting studies 

to develop and refine the scale 
• Purify measure • Have the initial item pool 

reviewed by experts 
• Finalizing the scale 

• Collect data • Consider inclusion of 
validation items 

 

• Assess reliability • Administer items to a 
development sample 

 

• Assess validity • Evaluate the items  
• Develop norms • Optimize scale length  
 

Study Stage 1 

Identification of critical factors of innovativeness 

Based on the definition of innovativeness used in this research and the 

review of literature regarding the dimensions of innovativenvess, six 

dimensions of innovativeness have been identified for this work: (1) the 

propensity to create new products, (2) the propensity to create new 

manufacturing processes, (3) the propensity to create new business systems, 

(4) the propensity to adopt new products, (5) the propensity to adopt new 

manufacturing processes, and (6) the propensity to adopt new business 

systems. 

The theoretical frame of reference used for Stage I of this study is 

presented in Figure 3.2. For Stage 1 of this research, the propensity to adopt 
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new products was not included because the authors argued that firms in the 

softwood sawmilling industry do not adopt new products directly, but adopt the  

 

  

Stage I 

Literature review 

Identify critical factors of  
innovativeness 

Generation of items 

Scale refinement with  
expert opinions 

Questionnaire 
development 

Data collection 

Scale refinement 

Pretest 
Refine questionnaire 

Data collection 

Scale refinement 

Innovativeness  
instrument 

Stage II 

Figure 3.1. Scale development procedure followed for developing the 
innovativeness instrument. 
 



 97

manufacturing process required to produce that product. The omission of the 

propensity to adopt new products resulted in firm innovativeness being 

composed of five dimensions. Based on this theoretical frame of reference, a 

new measure of innovativeness, the propensity to create and adopt scale, was 

developed and refined as outlined below. 

 

 

Propensity  
to create 

new products 

 
Innovativeness 

Financial  
Performance 

 

Propensity  
to create 

new mfg. processes 

Propensity 
to create 

new bus systems 

Propensity 
to adopt 

new mfg. processes 

Propensity 
to adopt 

new bus systems 

Figure 3.2. Concepts to be assessed in this study. 

Generation of items 

 The propensity to create and adopt scale consisted of 25 items 

generated drawing from previous literature (Miller and Friesen 1983, 

Desphande et al. 1993, Hurley and Hult 1998, Vazquez et al. 2001, Gebert et 

al. 2003, Wang and Ahmed 2004). When possible, items that had been 
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previously developed and empirically tested were used. The items used a five-

point Likert scale with 1 = strongly disagree and 5 = strongly agree. No 

additional anchors were provided. The specific items used in the propensity to 

create and adopt scale are presented in Table 3.4. 

Scale refinement with expert opinions 

 The items used in the propensity to create and adopt scale were 

reviewed by experts using a two-step process. The first step in the propensity 

to create and adopt scale refinement was to have it reviewed by four Oregon 

State University forest products marketing graduate students familiar with the 

firm innovativeness concept. Each of the participating students was given an 

envelope containing 25 slips of paper, with each slip of paper containing one 

of the 25 items used in this scale. Students were asked to place each of the 25 

items into groups, grouping items they felt to be similar. After each student had 

grouped the items they were asked to assign each group a name. Prior to this 

process, the participating students had no knowledge of the proposed model 

(Figure 3.2).  

The resulting structures from each student were consistent with the 

model, with one student creating 2 groups, one creating 4 groups, one 

creating 6 groups, and one creating 9 groups. For the student that placed the 

items into two groups, one group was titled ‘innovative leader’ and contained 

12 of the 15 items used to asses the propensity to create new products, 

manufacturing processes, and business systems. The second group was titled  
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Table 3.4. Items used in propensity to create and adopt scale and the sources 
each item was adapted from. 
Item  Adapted from1 

Propensity to create new products:  
 Our company actively develops new products.  1,6 
 Our company sees new products as critical to our success. 1,3 
 When it comes to creating new products, our company is far better than 

the competition.   3 

 Over the past three years, our company has been better than before 
regarding developing new products.   3,7 

 Within our company, we are able to implement new product ideas from 
other parts of our organization.  

3,4 
 

Propensity to create new manufacturing processes:  
 Our company actively develops in-house solutions to improve our 

manufacturing processes.   1,6 

 Our company sees new manufacturing processes as critical to our 
success.   1,2,3 

 When it comes to creating new processes, our company is far better than 
the competition.   3,7 

 Over the past three years, our company has been better than before 
regarding developing new manufacturing processes.   3,7 

 Within our company, we are able to implement new manufacturing 
process ideas from other parts of our organization.   

3,4 
 

Propensity to create new business systems:   
 Our company actively develops in-house information technology solutions.  6 

 
 Our company actively develops in-house managerial approaches. 7 
 Our company sees creating new business systems as critical to our 

success.   3,7 

 When it comes to creating new business systems, our company is far 
better than the competition.  3,7 

 Within our company, we are able to implement new business systems 
ideas from other parts of the organization.   3,4 

Propensity to adopt new manufacturing processes:  
 Our company tends to be an early adopter of new manufacturing 

processes.   1,2,7 

 Our company actively seeks new manufacturing processes from outside 
this organization.   4,5 

 Having the latest, most efficient manufacturing processes is critical for our 
success. 1,3,7 

 Within our company, we are able to implement new manufacturing 
processes used by other organizations.   5 

 Our company considers manufacturing ideas provided by external sources 
critical to our success.   5 

Propensity to adopt new business systems:  
 Our company tends to be an early adopter of new business systems.   2,7 
 Having the latest, most efficient business systems is critical for our 

success. 7 

 Within our company, we are able to implement new business systems 
used by other organizations. 5 

 Our company considers business systems ideas provided by external 
sources as critical to our success.   5 

 Our company actively seeks new business systems from outside this 
organization.   4,5 

1 1 Avlonitis et al. (1994), 2 Deshpande et al. (1993), 3 Gebert et al. (2003), 4 Hurley and Hult (1998), 5 Jerez-Gomez 
et al. (2005), 6 Vazquez et al. (2001), 7 Wang and Ahmed (2004) 
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‘innovative competitor’ and contained 8 of the 10 items used to asses the 

propensity to adopt new manufacturing processes and business systems. 

For the student that created 9 groups, several of the groups were 

similar and could easily be combined to fit the proposed model. For example, 

five groups were created, containing a total of 11 items. These groups could 

easily be combined and contained all 10 of items used to measure the 

propensity to adopt new manufacturing processes and business systems. The 

titles of these groups were ‘external innovators’, ‘innovative improvers’, ‘early 

adopters’, ‘external innovative strategy’ and ‘benchmarking the competition’. 

The remaining four groups contained 14 of the 15 items used to assess the 

propensity to create new products, manufacturing processes, and business 

systems. The titles of these groups were ‘internal innovators’, ‘active 

innovators’, ‘innovation critical’ and ‘innovative improvers’. 

The results of this process provided support for the face validity of the 

scale by confirming the items appear to assess the dimensions of 

innovativeness they were intended to assess. 

The second step in the review by experts process was to have the 

propensity to create and adopt scale reviewed by three experts in academia 

and five industry consultants and managers. The expert reviewers provided 

feedback and based on this feedback, minimal changes were made to the 

wordings of some items. 
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Questionnaire Development 

The questionnaire used in Stage I of this research was part of a larger 

study on firm innovativeness (Knowles et al. 2007). The questionnaire 

included two sections for use in this study the propensity to create and adopt 

scale and a four-item firm performance measure. The four items were sales 

level, sales growth rate, cash flow, and gross profit margin. 

Questionnaire Pretesting 

 The questionnaire was pretested with 13 forest industry managers. 

Each of the managers was asked to assess the readability and 

understandability of the questionnaire. Minimal changes were made to the 

questionnaire based on suggestions from the pretesters. The entire 

questionnaire was reviewed by sawmilling experts in academia and two 

sawmilling industry consultants. Minimal changes were made to the 

questionnaire as a result.  

Data Collection 

Five hundred sawmills in North America (U.S. and Canada) were 

randomly selected from The 2005 Random Lengths Big Book (Random 

Lengths 2005). The Big Book is the most comprehensive directory of forest 

products manufacturing firms in North America. A detailed account of the 

methodology for sampling in Stage I is presented in Knowles et al. (2007). In 

total, responses were received from 85 sawmills resulting in an adjusted 

response rate of 19.0%. 

Scale refinement  
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 The 25-item propensity to create and propensity to adopt scale was 

refined based on methodologies advocated by Churchill (1979), Devellis 

(2003) and Netermeyer et al. (2003). Prior to conducting confirmatory factor 

analysis (CFA), exploratory factor analysis (EFA) with principal component 

analysis as the extraction method was used to explore the factor structure of 

the collected data. The 25 items in the propensity to create and adopt scale 

and the 4 items used to measure firm performance were analyzed using 

exploratory factor analysis in SPSS. Factor loadings greater than 0.30 were 

considered to be significant (Hair et al. 1998). Items crossloading across 

multiple items were removed from further analysis, resulting in the removal of 

four items. Crossloading was defined as loadings for one item on two or more 

factors within 10% of each other. The remaining items were reexamined using 

EFA. The results showed five factors, instead of the six factors hypothesized 

in Figure 2.  

The results of the EFA are summarized in Table 3.5. The Kaiser–

Meyer–Olkin coefficient for this dataset was 0.899 and the Bartlett test of 

Sphericity was statistically significant (chi-sq = 2512.1, d.f. 406, P < 0.001) 

indicating that properties of the correlation matrix justified factor analysis being 

carried out. From these results it can be seen that the items assessing product 

innovativeness (factor 1), process innovativeness (factor 3), business systems 

innovativeness (factor 4) and performance (factor 2) were generally grouped 

together. The exception to this is the three items that form factor 5. These  
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Table 3.5. Results of the initial EFA on the propensity to create and adopt 
scale. 
 Factor 
Item 1 2 3 4 5 
Our company actively develops new products. 0.511 -0.011 0.020 -0.246 0.385 
Our company sees creating new products as critical to our 
success. 0.490 0.219 0.090 -0.319 0.122 

When it comes to creating new products, our company is 
far better than the competition. 0.594 0.103 0.329 -0.070 0.190 

Over the past three years, our company has been better 
than before regarding developing new products. 0.441 0.237 0.071 -0.125 0.413 

Within our company, we are able to implement new 
product ideas from other parts of our organization. 0.113 0.028 -0.27 0.008 0.905 

Our company actively develops in-house solutions to 
improve our manufacturing processes. 0.220 -0.181 0.836 -0.038 -0.143 

Our company sees creating new manufacturing processes 
as critical to our success. 0.137 0.179 0.584 -0.258 0.027 

When it comes to creating new processes, our company 
is far better than the competition. 0.249 -0.096 0.555 -0.080 0.238 

Over the past three years, our company has been better 
than before regarding developing new manufacturing 
processes. 

0.188 0.176 0.522 -0.025 0.236 

Within our company, we are able to implement new 
manufacturing process ideas from other parts of our 
organization. 

-0.039 -0.099 0.255 0.078 0.819 

Our company actively develops in-house information 
technology solutions. 0.415 -0.050 0.252 -0.113 0.330 

Our company actively develops in-house managerial 
approaches. 0.318 -0.156 0.284 -0.103 0.347 

Our company sees creating new business systems as 
critical to our success. 0.229 -0.008 0.100 -0.435 0.374 

When it comes to creating new business systems, our 
company is far better than the competition. 0.290 -0.018 0.080 0.377 0.395 

Within our company, we are able to implement new 
business systems ideas from other parts of the 
organization. 

0.042 -0.045 -0.100 -0.169 0.888 

Our company tends to be an early adopter of new 
manufacturing processes. 0.263 0.009 0.552 -0.309 0.043 

Having the latest, most efficient manufacturing processes 
is critical for our success. -0.184 -0.021 0.641 -0.094 0.281 

Our company actively seeks new manufacturing 
processes from outside this organization. -0.243 0.098 0.755 -0.219 0.106 

Within our company, we are able to implement new 
manufacturing processes used by other organizations. -0.026 0.173 0.581 -0.058 0.325 

Our company considers manufacturing ideas provided by 
external sources critical to our success. -0.425 0.121 0.445 -0.224 0.473 

Our company tends to be an early adopter of new 
business systems. 0.170 -0.048 -0.001 -0.896 -0.080 

Within our company, we are able to implement new 
business systems used by other organizations. 0.131 0.004 -0.011 -0.792 0.117 

Our company considers business systems ideas provided 
by external sources as critical to our success. -0.111 0.012 0.258 -0.855 -0.088 

Having the latest, most efficient business systems is 
critical for our success. 0.002 0.006 -0.132 -0.926 0.006 

Our company actively seeks new business systems from 
outside this organization. -0.253 0.012 0.179 -0.847 0.084 

Sales Level -0.070 0.809 -0.034 0.012 0.049 
Sales Growth Rate 0.049 0.859 -0.145 -0.092 0.003 
Cash Flow 0.060 0.879 0.209 0.129 -0.148 
Gross Profit Margin 0.003 0.894 -0.061 0.006 -0.020 
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items were worded similarly and intended to measure the firm’s propensity to 

create new products, process and business systems. Upon further review of  

the wording of these items, it became apparent that these questions were 

misleading so they were eliminated from further analysis.  

The 22 items remaining after the initial EFA were used in a second EFA 

to examine how the removal of poorly worded items and crossloading items 

affected the results. The results of this EFA are presented in Table 3.6. It can 

be seen that this EFA resulted in 4 factors. 

Based on the results of the second EFA, the remaining items were used 

in confirmatory factor analysis (CFA) to examine the proposed model using the 

two-step approach advocated by Anderson and Gerbing (1988) and Byrne 

(1998) in which the hypothesized model was compared to a series of more 

restrictive models. This method allows the researcher to test and compare 

various models and select the one that provides the best fit (Noar 2003).    

The following models were compared:  

5) One-factor model – all items load onto one latent variable 

6) Propensity to create and adopt model – Items load on latent 
variables according to the model proposed in Figure 3.2 

a. Model 1 with covariances of latent variables constrained at 1 
b. Model 2 with covariances of latent variables unconstrained 

 
3)  Product, Process, Business Systems model – items load on latent 

variables according the model proposed in Figure 3.3 
 
The resulting improvement in measurement of each model was determined by 

the change in chi-square and degrees of freedom from each model (Table 

3.7). 



 105

 

 

Table 3.6. Results of EFA using 22 items remaining after initial EFA. 
 Factor 
Item 1 2 3 4 
Our company actively develops new products. 0.835 0.175 0.286 -

0.012 
Our company sees creating new products as critical to our success. 0.719 0.153 0.314 0.217 
When it comes to creating new products, our company is far better 
than the competition. 

0.831 0.272 0.154 0.097 

Over the past three years, our company has been better than 
before regarding developing new products 

0.782 0.232 0.202 0.218 

Our company actively develops in-house solutions to improve 
our manufacturing processes. 

0.431 0.620 0.102 -
0.199 

Our company sees creating new processes as critical to our success. 0.481 0.589 0.309 0.179 
Our company actively develops in-house information-
technology solutions. 

0.740 0.307 0.209 -0.55 

Our company actively develops in-house managerial 
approaches. 

0.643 0.324 0.241 -
0.160 

Our company sees creating new business systems as critical to our 
success. 

0.671 0.358 0.458 0.000 

When it comes to creating new business systems, our company is far 
better than the competition. 

0.696 0.292 0.436 -
0.007 

Having the latest, most efficient manufacturing processes is 
critical for our success. 

0.290 0.775 0.210 -
0.029 

Our company actively seeks new manufacturing processes 
from outside this organization. 

0.229 0.852 0.299 0.087 

Within our company, we are able to implement new 
manufacturing processes used by other organizations. 

0.458 0.726 0.175 0.152 

Our company considers manufacturing ideas provided by 
external sources critical to our success. 

0.174 0.791 0.353 0.112 

Within our company, we are able to implement new business 
systems used by other organizations. 

0.447 0.187 0.763 -
0.009 

Our company tends to be an early adopter of new business 
systems. 

0.491 0.237 0.730 0.039 

Our company considers business systems ideas provided by 
external sources as critical to our success. 

0.277 0.469 0.755 0.038 

Having the latest, most efficient business systems is crucial for 
our having success. 

0.317 0.173 0.779 0.042 

Our company actively seeks new business systems from 
outside this organization. 

0.214 0.500 0.784 0.041 

Sales level -
0.020 

0.030 0.076 0.812 

Sales growth 0.069 -
0.076 

0.135 0.870 

Cash flow 0.066 0.148 -
0.109 

0.861 

Gross profit margin 0.046 0.032 -
0.017 

0.886 
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Table 3.7. Results of the three CFA models from Stage I of scale refinement 
process. 
Model Chi-

square 
Degrees of 
Freedom 

Change in chi-
square 

p-
value 

One-factor model 1501.5 301   
Propensity to create and adopt 
model constrained 

1399.3 299 102.2  

Propensity to create and adopt 
model unconstrained 

870.6 284 528.7 <0.001 

Product, process, and business 
systems model 

526.0 203 344.6 <0.001 

 

The results of the scale refinement process show that the product, 

process and business systems model is best supported. The fit indices for this 

model were  Χ2 = 526.0, df = 203, p<0.001, CFI = 0.93, Delta2 = 0.93, RNI = 

0.88, RMSEA = 0.137, NNFI = 0.92. By comparison, the fit indices for the 

propensity to create and adopt model were Χ2 = 870.6, df = 284, CFI = 0.91, 

Delta2 = 0.91, RNI = 0.89, RMSEA = 0.160, NNFI = 0.89. The refined model 

shows improvement on all fit indices with the exception of RNI.   

It was apparent from the scale refinement process that the propensity to 

create and adopt scale was attempting to measure too many dimensions of 

innovativeness. The new scale reduced the number of aspects of 

innovativeness from five (propensity to create new products, propensity to 

create new processes, propensity to create new business systems, propensity 

to adopt new processes, propensity to adopt new business systems) to three 

(product, process, business systems, Figure 3.3). Respondents of Stage I did 

not differentiate between creation and adoption. The refined scale was 

composed of 18 items equally divided among the three aspects of 
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innovativeness. Six items each were used to measure each of the three 

aspects of innovativeness. Within each aspect of innovativeness, 3 items 

assessed the firm’s propensity to create and 3 items assessed the firm’s 

propensity to adopt. The items used in the refined scale were items that were 

used in the propensity to create and adopt scale, with the exception of the 

three items assessing the propensity to adopt new products. Based on 

feedback from other researchers, the propensity to adopt products was 

included in the refined scale. The items used to measure the propensity to 

adopt new products were created by adapting from the items used to measure 

the propensity to adopt new processes and the propensity to adopt new 

business systems. The 18 specific items included in the refined scale are 

displayed in Table 3.8. 

 

 

Innovativeness 
Financial  

Performance 
 

 
Propensity to 

create or adopt 
new products 

 
Propensity to 

create or adopt 
new products 

 
Propensity to 

create or adopt 
new business 

systems 

Figure 3.3. New innovativeness model proposed based on the results of the 
scale refinement process used in Stage I. 
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Study Stage II 

Questionnaire refinement 

 The questionnaire used in Stage II of this research was part of a larger 

study on innovativeness in the forest products industry (Knowles and Hansen 

2007?).  The questionnaire included two sections relevant to this study, the 

18-item product, process and business systems measure of innovativeness 

developed in Stage I and a four-item measure of firm performance. 

Data Collection 

The sample for Stage II of the study was composed of sawmills in the 

United States and Canada, excluding sawmills located in Quebec (because of 

very low response rates in Stage I of the study). The sample frame consisted 

of all sawmills in the U.S. and Canada listed in the 2005 Big Book (Random 

Lengths 2005), not included in Stage I of the study. This resulted in a sample 

frame of 463 sawmills. Telephone calls were made to each mill listed in the 

sample frame that did not provide the name of the top manager, the address, 

or the fax number of the sawmill. 

Each sawmill in the sample was mailed a study announcement letter, 

addressed to the top manager, providing a description of the study objectives, 

methodology, and expected outcomes.  
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Approximately two weeks after mailing the announcement letter, the top 

manager at each of the selected sawmills was faxed a cover letter with an 

attached copy of the questionnaire. The cover letter outlined the objectives of 

the study, the expected outcomes of the study, and described how to respond 

to the questionnaire. Respondents were encouraged to respond by fax, 

however, they were also given a mailing address where they could send their 

completed questionnaire. Additionally, a URL was provided where the 

questionnaire was available in on-line format. Approximately one week after 

the faxing of the original questionnaire, a reminder postcard was mailed to all 

sawmills that had not responded. Approximately one week after the reminder 

postcard, a second questionnaire packet was faxed to all sawmills that have 

not responded. As a result of a lower than expected response rate from the 

faxed questionnaires, a questionnaire packet was mailed to all non-responding 

mills.  

Twenty-nine undeliverable addresses and closed sawmills resulted in 

an adjusted sample frame of 434 sawmills. In total, 109 sawmills responded to 

the questionnaire for an adjusted response rate of 25.1%. 

Scale refinement  

 The product, process and business systems model was refined using 

the procedure outlined in Stage I of this study. As with stage 1, the first step 

was to analyze the data with EFA (Table 3.8). 

The results of the EFA show that product, process and business 

systems scale is performing as proposed in Figure 2 with factor 1 representing 
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product innovativeness, factor 2 representing process innovativeness, factor 

three representing performance, and factor 4 representing business systems 

innovativeness. Two of the scale items crossloaded on two factors.  

 
 

Table 3.8. Results of EFA on product, process and business systems scale. 
 Factor 
Item 1 2 3 4 
Within our company, we are able to implement new 
manufacturing processes used by other organizations. 

0.292 0.235 0.146 0.667 

Our company tends to be an early adopter of new products. 0.312 0.577 0.257 0.604 
Our company actively seeks new business systems from 
outside this organization. 

0.115 0.851 0.176 0.239 

Our company actively develops in-house solutions to improve 
our manufacturing processes. 

0.388 -
0.117 

0.238 0.665 

Our company actively develops new products in-house. 0.734 0.139 0.122 0.369 
Our company tends to be an early adopter of new 
manufacturing processes. 

0.195 0.380 0.240 0.767 

Within our company, we are able to implement new business 
systems used by other organizations. 

0.407 0.710 0.198 0.097 

Our company actively seeks new products from outside this 
organization. 

0.500 0.602 0.112 0.133 

When it comes to creating new business systems, our company 
is far better than the competition. 

0.540 0.395 0.474 0.207 

Our company actively seeks new manufacturing processes 
from outside this organization. 

0.274 0.400 0.336 0.570 

Our company sees creating new products as critical to our 
success. 

0.824 
 

0.226 0.045 0.168 

Within our company, we are able to implement new products 
used by other organizations. 

0.631 0.466 0.140 0.269 

When it comes to creating new processes, our company is far 
better than the competition. 

0.544 0.270 0.436 0.430 

Our company tends to be an early adopter of new business 
systems. 

0.187 0.775 0.264 0.302 

Our company sees creating new business systems as critical to 
our success. 

0.565 0.571 0.157 0.006 

When it comes to creating new products, our company is far 
better than the competition.  

0.731 0.296 0.280 0.324 

Our company sees creating new manufacturing processes as 
critical to our success. 

0.698 0.209 0.152 0.374 

Our company actively develops in-house business systems 
solutions. 

0.490 0.540 0.139 0.231 

Return on sales (ROS) 0.147 0.092 0.871 0.126 
Sales Growth Rate 0.167 0.205 0.663 0.422 
After tax return on assets (ROA) 0.121 0.168 0.876 0.167 
Overall Competitiveness 0.088 0.210 0.862 0.166 
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The 18 items in the product, process and business systems scale were 

analyzed with CFA (Table 3.9). The following models were compared:  

1) One-factor model – all 18 items from the product, process and 
business systems model load onto one latent variable 

 
2) Propensity to create and adopt model – Items load on latent 

variables according to the model proposed in Figure 3.3 
a. Model 1 with covariances of latent variables constrained at 1 
b. Model 2 with covariances of latent variables unconstrained 

 
3)  Refined product, process, business systems model  

c. Model 1 with covariances of latent variables constrained at 1 
Model 2 with covariances of latent variables unconstrained 

The CFA results of this scale resulted in the deletion of three items in 

total. Two of the items assessing process innovativeness and one of the items 

assessing business systems innovativeness were deleted from the model 

because of high error variances of 6.13 (Our company actively seeks new 

manufacturing processes from outside this organization), 5.98 (Our company 

actively seeks new manufacturing processes from outside this organization), 

and 8.83 (When it comes to creating new business systems, our company is 

far better than the competition). The fit indices for this refined model were Χ2 = 

494.1, df = 142, CFI = 0.91, Delta2 = 0.91, RNI = 0.86, RMSEA = 0.152, NNFI 

= 0.89 as compared to the fit indices for the original product, process and 

business systems model Χ2 = 810.2, df = 203, CFI = 0.89, Delta2 = 0.89, RNI 

= 0.85, RMSEA = 0.166, NNFI = 0.88. The refined model shows improvement 

on all fit indices. The fit indices of the refined model generally meet the 

recommended minimum recommended values with the comparative fit index 

(CFI) and Delta2 values being above 0.90 (Bentler 1990). However, the chi-
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square, root mean-square error of approximation (RMSEA), relative 

noncentrality index (RNI) and non-normed fit index (NNFI) fall slightly below 

the recommended values (Bentler 1990, Hu and Bentler 1999). 

 

 

Table 3.9. CFA results of the three measurement models from Stage II of 
scale refinement process. 
Model Chi-

square 
Degrees of 
Freedom 

Change in 
chi-square 

p-
value 

One-factor model 1267.5 209   
Product, process, and business 
systems model constrained 

1052.1 209 215.6 <0.001 

Product, process, and business 
systems model unconstrained 

810.2 203 241.9 <0.001 

Refined product, process, and business 
systems model constrained 

601.5 151 208.7 <0.001 

Refined product, process, and business 
systems model unconstrained 

494.1 142 107.4 <0.001 

 

Table 3.10 presents the regression weights, standardized loadings, and 

critical ratios from the refined product, process and business systems model. 

The regression weights of all items loading onto their respective factors are 

above 0.70, with critical ratios above 1.96, making them significant at the 95% 

level. 

Validity and Reliability 

 The structured scale development process advocated by Churchill 

(1979) and used in this research is designed to create a valid and reliable 

measure of a construct. Accordingly, the specific steps used in this research 

were: 

• The use of multiple items to assess each dimension of 
innovativeness. 
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• Empirically tested, previously developed measurement items were 
used when possible. 

• Theory was used for the development of new items. 
• Face validity was assured with review from experts. 
• CFA was used to ensure that each item loads onto its intended 

component factor, without crossloading on other factors. 
• Multiple models were compared and, following theory used to 

develop the model, the model with the best fit was selected. 
 
 

 

 
Table 3.10. Results of CFA with the refined product, process and business 
systems model. 
  Loadings 
Item R2 Product Process Business Systems 
  Standardized Critical 

ratios 
Standardized Critical 

ratios 
Standardized Critical 

ratios 
Product  -  0.45  0.48  
 Crprd1 0.67 0.82      
 Crprd2 0.58 0.76 9.12     
 Crprd3 0.78 0.88 13.36     
 Aprd1 0.53 0.73 8.60     
 Aprd2 0.52 0.72 8.45     
 Aprd3 0.60 0.78 9.37     
Process    -  0.43  
 Crprc1 0.36   0.60    
 Crprc2 0.76   0.87 7.01   
 Crprc3 0.57   0.76 6.38   
 Aprc2 0.52   0.72 6.17   
Business 
Systems 

    -  

 Crbs2 0.64     0.80  
 Crbs3 0.54     0.73 8.19 
 Abs1 0.53     0.73 8.04 
 Abs2 0.64     0.80 9.11 
 Abs3 0.72     0.85 9.82 
 

Cronbach’s alpha was assessed for the refined product, process and 

business systems scale (Table 3.11). The coefficient alpha for the overall 15-

item scale was 0.946. This value is higher than the coefficient alpha of 0.909 

reported by Wang and Ahmed (2004) for their 20-item organizational 
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innovativeness measure. The alpha value of each of the three component 

factors was higher than the minimum level recommended by Price and Mueller 

(1986). 

 

 

 

Table 3.11. Results of coefficient alpha calculation for the refined product, 
process and business systems scale and each of the three component factors.  
 
 
Components 

 
 

Items 

 
Item-total 

Correlation1 

Alpha if  
item 

deleted1 

Alpha of 
component 

factor 

 
Item-total 

Correlation2 

Alpha if item 
deleted2 

Product  Crprd1 0.710 0.889 0.903 0.725 0.942 
Innovativeness Crprd2 0.751 0.882  0.708 0.942 
 Crprd3 0.812 0.873  0.822 0.940 
 Aprd1 0.673 0.893  0.747 0.941 
 Aprd2 0.674 0.893  0.713 0.942 
 Aprd3 0.782 0.877  0.781 0.941 
Process  Crprc1 0.565 0.790 0.808 0.509 0.946 
Innovativeness Crprc2 0.689 0.728  0.750 0.941 
 Crprc3 0.643 0.752  0.712 0.942 
 Aprc2 0.625 0.760  0.678 0.943 
Business Systems  Crbs2 0.724 0.856 0.883 0.710 0.942 
Innovativeness Crbs3 0.632 0.879  0.692 0.943 
 Abs1 0.716 0.858  0.670 0.943 
 Abs2 0.742 0.853  0.718 0.942 
 Abs3 0.793 0.842  0.757 0.941 
1 results of Alpha calculation on component factors 
2 results of Alpha calculation on full 15-item scale 
 
 

Discussion 

 This paper presents the development and refinement of a new measure 

of firm innovativeness. The development of this new measure is significant for 

several reasons. The most significant reason is that this measure departs from 

the previous methods of attempting to measure innovativeness in part, through 

the assessment of only one or two aspects of innovativeness. Wang and 

Ahmed (2004) developed a measure that accounted for all aspects of 
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innovativeness but did not complete the scale refinement process. While, the 

measure developed in this study could benefit from further refinement, it has 

been subjected to a two-stage development process. 

 This measure was developed using the North American softwood 

sawmilling industry. However, the items comprising the measure are not 

specific to that sector or even to the forest products industry. Consequently, 

this measure holds promise for use in the broader context of industrial 

manufacturing industries. Future work is planned to investigate the scales 

applicability for other manufacturing industries. This work will allow for further 

investigation into the relationship between firm innovativeness and financial 

performance, with the goal of resolving some of the discrepancies found in 

previous literature. 

Limitations 

 There are several limitations associated with this research, the most 

notable being that the sample sizes from both Stage I and Stage II do not 

meet the recommended minimum size (200 responses or 10 responses per 

item) for using confirmatory factor analysis. The small sample sizes obtained 

in this study (n=87, Stage I and n=109, Stage II) may have had an effect on 

the fit of the investigated models. The results of this study should be verified 

using sample sizes that meet the recommended minimum levels. 

 A second limitation of this research is the use of only one sector 

(softwood sawmilling) within an industry (the forest products industry) for 
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sampling. Future work should verify the results of this work in other sectors of 

the forest products industry and other manufacturing industries. 

 Churchill (1979) identifies the creation of a measurement instrument as 

an iterative process, requiring multiple stages of data collection and scale 

refinement. While the current study utilizes a two-stage process, which is more 

thorough than has been done in previous innovativeness measure 

development work, further work is required to complete the refinement of this 

measure. The items used to assess product adoption were excluded from 

Stage I of this study. As a result, these items have only been through one-

stage of the scale refinement process.  

 An additional limitation of this work is that all of the items in the 

propensity to create/adopt scale are positively framed. This may have biased 

the results based on prospect theory (Kahneman and Tversky 1979) and 

future work should be done to investigate adding negatively framed items to 

the scale. 

 Finally, respondents in both Stage I and Stage II of this work 

represented sawmills of all sizes, ranging from mills with 1 employee up to 

mills with more than 400 employees and mills producing less than 1 million 

board feet per year to more than 400 million board feet per year. This results 

in the assumption that innovativeness is not affected by firm size. The results 

of previous research regarding the effect of firm size on innovativeness are 

mixed. In future work, eliminating small mills from the sample frame should be 

considered. 
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Introduction 

Innovativeness is a topic that has received extensive interest in the 

literature over the last century in various fields including marketing, 

management, sociology, economics and psychology. The development and 

adoption of new products, processes and business systems, otherwise 

referred to as firm innovativeness, has been shown to be an effective tool for 

maintaining, or even improving, competitiveness in an increasingly complex, 

global economy (Frambach 1993). Innovativeness is an organizational factor 

that management has considerable ability to control (Hult et al. 2004). 

However, inconsistent definitions and measurement of innovativeness in 

previous work has resulted in a lack of conformity in findings. Consequently, 

the link between firm innovativeness and financial performance is not well 

understood, particularly for firms operating in the forest products industry. 

Innovativeness and its link with financial performance have been widely 

researched in several industries. However, only recently has this topic been 

investigated in the forest products industry (Valimaki et al. 2004, Hansen et al. 

2006). The forest products industry is often referred to as a low technology 

industry, however, many firms operating in this industry make use of state-of-

the-art technologies to maximize processing efficiency, create cutting edge 

products to utilize a changing raw material supply, compete with alternative 

products, and manage complex supply chains on a global scale.  

This research examines the current situation in the North American 

softwood lumber industry regarding innovativeness and examines the link 
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between innovativeness and financial performance in that industry. 

Consequently, the specific objectives of this work are to: 

1.   Assess the current level and focus of innovativeness in the North 
American softwood sawmilling industry  

 
2.  Assess the relationship between firm innovativeness and financial 

performance in the softwood sawmilling industry 
 
Theoretical background and hypotheses 

Innovativeness 

The recent proliferation of research on firm innovativeness has resulted 

in numerous conceptualizations of innovativeness. Some researchers have 

conceptualized an innovative firm as one that adopts innovations (Utterback 

1974, Daft 1982, Attewell 1992). Using this logic, a firm is considered more 

innovative by adopting more innovations. Others have expanded on this view 

by considering the relative time an organization adopts new ideas, meaning 

that firm innovativeness is determined not only by the number of innovations 

adopted, but also by the relative time of adoption in comparison to others 

(Rogers 2003). Others have conceptualized innovativeness as part of a firm’s 

culture through it’s openness to new ideas (Hurley and Hult 1998). Finally, firm 

innovativeness has been conceptualized as the capacity of the firm to create 

from within (Glynn 1996, Gebert et al. 2003). Recent work in the forest 

products industry identified three aspects of innovativeness: product, process, 

and business systems (Hovgaard and Hansen 2004, Hansen et al. 2006). 

These aspects of innovativeness have also been identified in other industries 

(North and Smallbone 2000, Boer and During 2001), showing that 
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innovativeness can be viewed as more than just new products and 

manufacturing processes, but also includes new business systems.  

The definition of innovativeness used in this study is a comprehensive 

definition, adapted from the previously outlined definitions. In this study, 

innovativeness is defined as the propensity of firms to create and/or adopt new 

products, manufacturing processes, and business systems. Accordingly, we 

suggest: 

HI: Product, process and business systems are significant 
dimensions of innovativeness. 

 

Innovativeness and financial performance 

Innovativeness has historically been identified as an important factor 

impacting the performance of a business (Schumpeter 1934, Burns and 

Stalker 1961, Porter 1990). The relationship between innovativeness and 

financial performance has generally been shown to be positive and significant 

(e.g., Damanpour et al. 1989, Narver and Slater 1990, Han et al. 1998, Hurley 

and Hult 1998, Crespell et al. 2006). Hult et al. (2004) used structural 

equations modeling to examine the relationship between firm innovativeness 

and financial performance of large industrial firms. Their results showed a 

significant, positive relationship and confirmed that regardless of market 

turbulence, innovativeness is an important factor in determining the 

performance of the business. Desphande and Farley (2004) present the 

results of six studies in which the relationship between innovativeness and 

financial performance were investigated across multiple countries. In all six 
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studies, this relationship was found to be both positive and significant. 

Accordingly, we suggest: 

H2: Innovativeness and firm performance are positively and 
significantly related. 
 

Firm Size 

 The relationship between innovativeness and firm size has been widely 

investigated, beginning with a claim by Schumpeter (1942) that the financial 

resources of large firms allow them to be more capable innovators than small 

firms. This distinction is important for firms operating in the forest products 

industry, which is a highly capital intensive industry. While the softwood 

sawmilling industry does not require large capital investment, large firms in this 

sector generally utilize highly capital intensive equipment. However, the results 

of previous research are somewhat contradictory with some studies reporting 

the relationship between firm size and innovativeness to be positive (i.e. 

Dewar and Dutton 1986, Cohen and Klepper 1996), while others report that 

the relationship is not significant (i.e. Aiken, et al. 1980), and others reporting a 

negative relationship (Hage 1980). Finally, Bertschek and Entorf (1996) 

reported that large and small firms are more innovative that firms of 

intermediate size. Damanpour (1992) in a meta analysis of 20 published 

studies found a positive relationship between firm size and innovativeness. 

Although large firms may have the resources required to be innovative more 

readily available, there are several factors large firms commonly have that 

inhibit innovativeness such as decreased flexibility (Cohen and Klepper 1996) 
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and a bureaucratic atmosphere that does not favor creativity (Kamien and 

Schwartz 1975). 

Wagner and Hansen (2005) found that the innovative focus in the wood 

products industry varied by size, with large firms focusing on state-of-the art 

technologies and small firms taking a more balanced approach to all aspects 

of innovativeness. Previous work in the softwood sawmilling industry has 

shown the relationship between firm size and innovativeness to be positive 

(Crespell et al. 2006). Accordingly, we suggest: 

H3a: Annual production at a mill is a significant moderator of 
innovativeness and performance. 

 
H3b: The number of employees at a mill is a significant moderator 
of innovativeness and performance. 

 
Product strategy 

 The marketing strategy of a company is determined by the types of 

products a company produces. There are three general product strategy 

alternatives available for industrial manufacturing firms: commodity, specialty, 

or custom-made products (Juslin and Hansen 2003). However, on an 

individual company basis, the general strategy must become more specific.  

Although some research has suggested forest industry firms have 

evolved over time towards a differentiation strategy, firms in this industry have 

typically pursued a low cost strategy with a tradition of a production orientation 

(Rich 1986, Bush and Sinclair, Juslin and Hansen 2003). Firms with a product 

orientation tend to lack a balanced innovative focus, instead focusing primarily 

on process innovativeness (Gatignon and Xuereb 1997). Research in this 
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industry has generally shown firms to have a focus on process innovativeness 

(Crespell et al. 2006), over product and business systems although work by 

Wagner and Hansen (2005) showed that the innovative focus of small firms in 

the forest products industry is more balanced. Accordingly, we suggest: 

H4a: Mills will be most innovative in the area of process 
innovativeness 
 
H5a: Mills with a specialty/custom product orientation will be more 
innovative in the area of product innovativeness than mills with 
other product orientations.  
 
H5b: Mills with no product orientation will be less innovative in all 
aspects than mills with either a commodity or specialty/custom 
product orientation. 
 
 

Theoretical frame of reference and operationalization 

The theoretical frame of reference used in this study, based on the 

definition of innovativeness can be seen in Figure 4.1. This figure provides a 

visual representation of the concepts to be assessed in this study and 

expectations that innovativeness and firm performance are influenced by firm 

size. Each of the constructs assessed in this study were operationalized using 

scales developed in previous studies.  

Concept measurement 

Innovativeness 

Innovativeness was assessed in this study using the product, process 

and business systems scale developed by Knowles et al. (2007a). This scale 

was composed of 15 items, assessed using a 7-point interval scale where 1 = 
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strongly disagree and 7 = strongly agree. The midpoint of the scale was not 

labeled. The specific items in this scale can be found in Appendix 3. 

Additionally, respondents were asked to indicate the number of new 

products, process and business systems introduced at the mill during the last 

three years. 

 

 
Innovativeness 

 
Performance 

Return on  
Sales 

Sales 
Growth 

Return on 
Assets 

Competitiveness 

Product 

Process 

Business  
Systems 

 
Size 

 
Employees 

 
Ann. Prod. 

 

Figure 4.1. Study framework outlining concepts to be assessed in this study. 

 
Descriptive Information 

Descriptive information about the firm collected in this study included 

size, as measured by the number of employees and annual production 

volume, as well as the relative production volume (%) that is structural 

products and relative production volume that is appearance products. 

Descriptive information about the respondent included the respondent’s 

position at the mill and the number of years they have been with the company. 
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Financial Performance 

Financial performance was assessed using a four-item measure based 

on previous literature (Dess and Robinson 1984). The four items were after tax 

return on sales, sales growth rate, after tax return on assets, and overall 

competitiveness. Respondents were asked to rank their facility into one of five 

categories based on how their facility compares with competitors in their 

industry (Bottom 20% to Top 20%).   

Data and analysis 

Population and sample 

The sample frame for this study included all sawmills in North America 

(U.S. and Canada) listed in The Random Lengths 2005 Big Book (Random 

Lengths 2005) that were not selected for a previous study by the authors 

(Knowles et al. 2007b), resulting in a total of 463 sawmills. Sawmills located in 

the Canadian Province of Quebec were excluded from the sample frame 

because of low response rates experienced by the authors in previous work. 

The Big Book is a directory maintained by a commercial firm specializing in the 

forest products industry. The accuracy of the book is quite high as indicated by 

only 6.3% undelivarable addresses. 

Questionnaire development and survey implementation 

The questionnaire was pretested with three forest industry managers 

and three forest industry consultants, as well as reviewed by sawmilling 

experts in academia. Minimal changes were made to the questionnaire based 

on the suggestions of the pretest subjects. Overall, the questionnaire was two 
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pages long with four question sets. Respondents were instructed to answer 

based on the mill location only, rather than for the entire company.  

The target for the questionnaire was the senior manager at each 

sawmill. In an attempt to identify the name of the mill manager, the mailing 

address and fax number, at least one telephone call was made to each mill in 

the sample frame that did not have the information listed in The Big Book. For 

those mill managers that were not successfully contacted, the questionnaire 

packet was addressed to the mill manager. 

The first step in the questionnaire distribution process was to mail a 

study announcement letter to each of the selected mills. This letter provided 

an overview of the objectives and the expected outcomes of the study. The 

letter also informed the recipients that they would be receiving a questionnaire 

by fax. Approximately one week after mailing the study announcement letter, a 

fax was sent to each of the selected mills. The fax contained a cover letter 

describing the objectives, expected outcomes and described how to respond. 

Respondents were encouraged to return their completed questionnaire by fax. 

A mailing address was also supplied where respondents could mail the 

completed questionnaire. Finally, each letter contained a URL where 

respondents could complete the questionnaire online. 

Approximately one week after the questionnaire packet was faxed, a 

reminder postcard was sent to each of the non-responding mills. For 16 of the 

mills, we did not have a good fax number so a questionnaire packet was 

mailed. The second wave of questionnaire packets was faxed to each of the 
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non-responding mills approximately two weeks later. Due to a lower than 

expected response rate from the faxed questionnaires and feedback from 

several mill managers indicating they never received their questionnaire, a 

questionnaire packet was mailed to each of the non-responding mills 

approximately one week after the second round of faxing. The mailed 

questionnaire packet was identical to the packet that was faxed. 

Analysis 

 Non-response bias was tested using the method advocated by 

Armstrong and Overton (1977). The first thirty respondents were compared to 

the last thirty respondents on the number of employees, annual production, 

product innovativeness, process innovativeness and business systems 

innovativeness. The results of the independent samples t-tests showed no 

significant differences between these two groups with all p-values greater than 

0.05. 

Descriptive information 

Average mill size (as measured by number of employees and 

production volume) and total production volume were calculated. Average 

values were calculated for each of the individual descriptive variables 

collected.  

Innovativeness and financial performance 

 The relationship between innovativeness and financial performance 

was assessed using structural equations modeling with LISREL. The items 

used to assess product, process and business systems innovativeness 
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(Knowles et al. 2007a) were each averaged to represent the latent variables 

product, process and business systems innovativeness (Figure 4.1). The 

individual items were used for financial performance. Size, as assessed by 

annual production volume and number of employees, and company strategy, 

as assessed by percentage production that is structural, were assessed 

individually and in combination in SEM models to determine if they have a 

moderating impact on the relationship between innovativeness and financial 

performance of firms in the North American softwood sawmilling industry.  

Product orientation and innovativeness 

 The effect of product orientation on innovativeness was assessed by 

dividing responding mills into three groups based on the percentage of 

production that was structural products. Mills producing more than 75% 

structural products were considered to have a commodity product orientation 

and mills producing less than 25% structural products were considered to 

have a specialty/custom product orientation. All remaining mills were 

considered to have no particular product orientation. This method was used to 

give a rough approximation of product strategy. The innovativeness and 

performance of these groups were compared using ANOVA.  

Results 

Response information 

From an initial sample size of 463 sawmills, an adjusted sample size of 

434 sawmills was achieved because of 29 undeliverable survey packets. In 

total, 109 (adjusted response rate of 25.1%) completed questionnaires mills 
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were returned. Sixty–four of the responses were received as a result of the 

two rounds of faxing. The remaining 45 responses were received as a result of 

the questionnaire packet mailing. In total, 22 of the responses (20.2%) were 

the result of respondents completing the online questionnaire. In total, 34 of 

the responses (31.2%) came from sawmills located in Canada, with the 

remaining 75 coming from sawmills in the United States. No significant 

differences were found in responses among the different employee positions, 

different types of responses (fax, online, mail), or between mills located in the 

U.S. and Canada. 

Descriptive information 

  We were largely successful in obtaining responses from top managers 

at our sampled mills (Table 4.1), with 73% of responses coming from the mill 

manager.  

Table 4.1. Respondent’s position at sawmill. 
Position Number of respondents Percent 
Owner 12 11 
Mill manager 80 73 
Other* 17 16 
*other includes: president, vice president, regional manager  

 Responses were received from large, medium and small sawmills, as 

measured by the number of employees and annual production (Table 4.2). 

The number of employees at responding mills ranged from 1 to 370, with an 

average of 101. The average annual production for responding mills was 84 

million board feet (MMBF), with a maximum of 486 MMBF and a minimum of 

less than 1 MMBF. These two measurements of mill size are similar to the 

average values of 112 employees and 90 MMBF observed by Knowles et al. 
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(2007b). However, while the average values are similar, a maximum of 685 

employees was observed in that study. Despite the discrepancy in the 

maximum number of employees, the highest annual production volume 

reported in this study was higher than the 445 MMBF reported by Knowles et 

al (2007b). The total annual production for responding mills was 8.9 billion 

board feet. These two measures of firm size, number of employees and 

annual production were fairly highly correlated with r = 0.835, which is 

significant at alpha = 0.01.  

 
Table 4.2. Number of employees, number of products in current product line, 
annual production and percentage of production that is structural and 
appearance products for responding sawmills.  
  n Mean Stnd. 

Dev. 
Max. Min. 

Number of employees 109 101  79 370 1 
Annual production (MMBF) 106  84 101 486    <1 
Number of products  106  48  87 400 2 
% of production that is 
structural 

106  64  36 100 0 

% of production that is 
appearance 

106  36  36 100 0 

 

 On average, respondents indicated 64% of their total production volume 

was structural products and 36% was appearance products (Table 2). In total, 

20 respondents indicated their mills produce 100% structural products and 9 

respondents indicated their mills produce 100% appearance products.  

Respondents generally had long tenures with their current firms and in 

the forest products industry (Table 4.3). Respondents had extensive 

experience in the forest products industry, with an average of 27.9 years. This 

experience, coupled with an average tenure of 11.2 years in their current 
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position mean that respondents are not only familiar with the mill where they 

currently work, but are also familiar with other operations in the forest products 

industry. 

 
Table 4.3. Number of years respondents have been in their current position, 
with their current firm and in the forest products industry.  
  N Mean Stnd. 

Dev. 
Max. Min. 

Number of years in current 
position 

105 11.2 10.1 50  <1 

Number of years with this 
company 

105 19.0 12.6 60    1 

Number of years in the industry 105 27.9 10.2 60    1 
  

Innovativeness 

 Table 4.4 contains results of the product, process and business 

systems measure of innovativeness. The major focus of the respondents was 

on process innovativeness, which is consistent with the results of previous 

research in the sawmilling industry (Crespell et al. 2006, Knowles et al. 

2007b). This result provides support for H4a (mills will be most innovative in 

the area of process innovativeness). Product innovativeness, process 

innovativeness and the composite measure of innovativeness were all found 

to be significantly higher than the midpoint (4) of the scale. Business systems 

innovativeness was found to slightly, but not significnaly, lower than the scale 

midpoint.  

 Despite respondents views that their mills are most innovative 

regarding process innovativeness (Table 4.4), on average respondents 

indicated that the mills they work for have introduced more new products (5.3) 
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Table 4.4. Results of the product, process and business systems measure of 
innovativeness in the North American softwood sawmilling industry. 
 
Measurement  

 
n 

 
Mean

Stnd. 
Dev. 

Cronbach’s
α 

Product innovativeness 105 4.3* 1.4 0.903 
Process innovativeness 105 4.6* 1.3 0.808 
Business systems innovativeness 106   3.9 1.3 0.883 
Composite of innovativeness 105 4.3* 1.2 0.946 
* Denotes significantly different from midpoint of scale (4) at alpha = 0.05 

 
during the last three years than new manufacturing processes (3.1) (Table 

4.5). Responding mills had the lowest number of new business systems 

introductions during the last three years, which is consistent with the 

respondents ratings of business systems innovativeness (Table 4). 

 
Table 4.5. Number of new products, process and business systems introduced 
at responding mills in last three years. 
Number of new: n Mean Stnd. Dev. Maximum Minimum 
Products  1051 5.3 9.4 50 0 
Processes 106 3.1 3.9 20 0 
Business 
systems  

106 2.0 3.1 20 0 

Total 105 3.4 6.3 50 0 
1 One outlier mill deleted because respondent indicated introducing 400 new products. 

 Average innovativeness and the total number of products, process and 

business systems introduced at mills during the last three years do not show 

consistent patterns when mill size is assessed by the number of employees 

and by annual production volume (Figures 4.2 and 4.3). When measuring mill 

size by the number of employees, average innovativeness and the total 

number of introductions at the mill follow almost exactly the same pattern, with 

both falling off sharply as the number of employees increases and slowly 

beginning to rise in the largest firms (Figure 4.2). However, average  
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Figure 4.2. Average innovativeness and total number of products, processes 
and business systems introductions during the last three years by mill size 
(number of empoyees). 
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Figure 4.3. Average innovativeness and total number of products, processes 
and business systems introductions during the last three years by mill size 
(annual production). 
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innovativeness and total introductions show opposite patterns when size is 

measured with annual production (Figure 4.3). 

Relationship between innovativeness and performance 

 To test hypotheses 1-3, a series of structural equations were estimated. 

For the first equation (Proposed model), the linkages as proposed in Figure 

4.1 were tested (H1 and H2). The next two equations were used to test the 

moderating effects of annual production and the number of employees on firm 

innovativeness and performance (H3a – H3b). In the final model, the 

combined moderating effects of annual production and employees were 

examined. These moderating variables were combined to load on one latent 

variable (Size) based on a Chronbach’s alpha value of 0.881 for the annual 

production and number of employees. The results show that each of the 

models were generally supported (Table 6). The Chi square, comparative fit 

index (CFI), Delta2, relative noncentrality index (RNI), root mean square error 

of approximation (RMSEA) and the non-normed fit index are reported to show 

overall model fit (Bollen 1989, Bentler 1990, Gerbing and Anderson 1992, Hu 

and Bentler 1999). In all models, CFI, Delta2, RNI, and NNFI were above the 

minimum recommended value of 0.90 (Bentler 1990). Additionally, RMSEA for 

the proposed model falls in the range of 0.08-0.10 indicating a mediocre fit 

while the RMSEA for each of the other models fall below 0.08 indicating 

reasonable fit (MacCallum et al. 1996). These results indicate adequate model 

fit to proceed with hypothesis testing. 
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Table 4.7 presents the parameter estimates and associated t-values for 

both the proposed model (Figure 4.1) and the model that was moderated by 

size as measured by both annual production and the number of employees. In 

both models, product, process and business systems were significant 

dimensions of innovativeness, providing support for H1 (product, process and 

business systems are significant dimensions of innovativeness).  

 
Table 4.6. Fit statistics for structural equations models evaluating the 
relationship between firm innovativeness and firm performance. 
Model Chi square CFI Delta2 GFI or NFI RMSEA NNFI 
Proposed model 23.85 (df=12, p=0.02) 0.98 0.98  0.096 0.97 
Moderated models       
  Annual production 24.85 (df=15, p=0.05) 0.99 0.99  0.077 0.98 
  Employees 21.82 (df=15, p=0.11) 0.99 0.99  0.065 0.97 
  Annual production 
  and Employees 

28.88 (df=23, p=0.18) 0.99 0.99  0.049 0.97 

 

The effect of innovativeness on performance was positive and highly 

significant in both models with a t-value of 5.00 (p<0.001) in the proposed 

model and 4.11 (p<0.001) in the size-moderated model. This result provides 

strong support for H2 (innovativeness and firm performance are positively and 

significantly related).                               

 Firm size was shown to have a moderating effect on innovativeness 

and performance. Annual production and the number of employees were both 

significant moderators independently and were significant when used as a 2-

item moderating variable. These results provide support for H3a (annual 

production is a significant moderator of innovativeness and performance) and 

H3b (the number of employees at a mill is a significant moderator of 

innovativeness and performance). 
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Table 4.7. Parameter estimates and t-values for the proposed model and the 
model moderated by annual production and number of employees. 
   Proposed model Size moderated 

model 
Parameter Mean Stnd. 

Dev. 
Estimate t-

value 
Estimate t-value 

Product 4.3 1.4 1.08 - 1.10 - 
Process 4.6 1.3 1.29 11.63 1.27 7.94
Business systems 3.9 1.2 0.86 7.03 0.88 11.32
Return on sales 3.4 1.1 0.91 - 0.91 - 
Sales growth 3.2 1.2 0.80 8.63 0.80 8.64
After tax return on assets 3.4 1.2 1.05 12.21 1.05 12.25
Overall competitiveness 3.8 1.1 0.89 11.58 0.89 11.59
Annual production 84 101 - - 0.85 6.35
Number of employees 101 79 - - 1.29 8.69
Innovativeness  
performance 

- - 0.51 5.00 0.40 4.11

 

Product orientation 

 In total, 29 mills were found to have a specialty/custom product 

orientation, 24 mills had no orientation and 50 mills had a commodity product 

orientation. No significant differences were found among mills based on 

product orientation (Table 4.8). These results lead to the rejection of H5a (mills 

with a specialty/custom product orientation will be more innovative in the area 

of product innovativeness than mills with other product orientations) and H5b 

(mills with no product orientation will be less innovative in all aspects than mills 

with either a commodity or specialty product orientation). 

 
Table 4.8. Results of ANOVA comparing innovativeness and financial 
performance by product orientation. 
  

Commodity
(n = 50) 

 
No orientation 

(n = 24) 

Specialty/
Custom 
(n = 29) 

 
 

 Mean values p-value
Product Innovativeness 4.3 4.5 4.3 0.75 
Process Innovativeness 4.6 4.9 4.7 0.49 
Business Systems Innovativeness 4.0 4.1 3.8 0.60 
Average Innovativeness 4.2 4.5 4.2 0.50 
Average Performance 3.4 3.6 3.4 0.67 
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Discussion and conclusions 

Innovativeness 

 The results of innovativeness were mixed with process innovativeness 

being rated the highest but with mills introducing more new products than 

manufacturing processes. One possible explanation for this discrepancy may 

be the definition respondents used for new products. The instructions on the 

questionnaire were to indicate both large and small scale changes to products. 

Writing on the questionnaires indicated that at least some respondents were 

including the introduction of new grades, lengths and dimensions, as in one 

case where the responded answered the question “how many products are in 

your current product line” with “8 grades, 4 widths, 7 lengths”. The issue of 

small and large changes is not specifically addressed in the scale used to 

assess innovativeness and therefore, respondents may only think of large-

scale product changes and introductions when completing that section of the 

questionnaire. This would generally be consistent with the results of interviews 

focusing on the views of forest products industry managers on innovation 

(Hansen et al. 2007). 

 Respondents rating of process innovativeness the highest of the three 

aspects of innovativeness, supports previous work by Lee et al. (1999). In their 

work they found that as a product becomes mature, the innovative focus of the 

firm switches from developing new products to improving process efficiency.  

Even though process, product and overall innovativeness were found to 

be significantly higher than the midpoint of the scale, respondents did not view 



 143

their mills as especially innovative in any aspect of innovativeness. As 

innovativeness has been shown to be effective for enhancing performance in 

spite of high turbulence, such as the high levels of competition and 

globalization facing the forest products industry, managers should actively 

encourage and pursue innovative activity (Lundvall and Kristensen 1997, Hult 

et al. 2004). This result was confirmed in this study. 

Performance and innovativeness 

This study addressed the impact of innovativeness on performance 

using size as a moderating variable on innovativeness and financial 

performance of firms in the forest products industry. This work thereby fills a 

gap in the understanding of innovativeness in the forest products industry. The 

findings in this work are consistent with the work of others in the forest 

products industry (Crespell et al. 2006). A strong and positive relationship 

between innovativeness and performance is indicative that an innovative focus 

is important to the success of firms in the softwood sawmilling industry.  

Additionally, the results of this work are consistent with those of others 

examining this relationship in other industrial manufacturing industries (i.e. 

Hult et al. 2004). Innovativeness had a strong, positive relationship with firm 

performance, a result that is consistent with previous work showing that firms 

benefit from a balanced innovative focus (Damanpour et al. 1989).  

Innovativeness and size 

 While mill size was shown to be a moderator of innovativeness in the 

structural equations models, the relationship between mill size and 
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innovativeness differed based on the way mill size was operationalized. When 

using the number of employees, smaller mills were the most innovative 

according to both the total number of introductions and the innovativeness 

scale. This result contradicts the results seen in previous work in the softwood 

sawmilling industry where both innovativeness and the number of new 

products increased as mill size increased (Crespell et al. 2006).  

However, when mill size was measured using annual production, the 

number of new introductions was consistent with the results of Crespell et al. 

(2006), but innovativeness remained fairly constant. The contradiction of 

results between the two size measures are surprising given the strong, 

positive correlation between the two measures of mill size. 

It is important to note that the measure of innovativeness is quite 

different than measures of innovativeness used in previous studies in the 

forest products industry. This different measure may account for the 

inconsistencies between the results of this work and previous work in the field. 

Limitations 

One limitation of this research is a small sample size that does not meet 

the recommended minimum size (200 responses or 10 responses per item) for 

using structural equations modeling. While the response rate for this study is 

consistent with other industrial-based studies targeting senior managers, a 

larger sample size might lead to more explanatory power in the relationship 

between firm performance and innovativeness.  



 145

Self-evaluation was used for the determination of each of the variables 

assessed in this research, which allows for the introduction of response bias 

and the potential for incorrect assessment of the variable of interest. Since the 

responses were only obtained from one respondent at each mill, we were 

unable to assess response bias. 

Future work 

 The relationship between firm innovativeness and financial performance 

should be investigated in other sectors of the forest products to confirm 

consistency with the softwood sawmilling industry. The concept of firm 

innovativeness can not be fully considered without factoring in a firm’s climate 

for innovation. Future work should address the relationship between firm 

climate for innovation, innovativeness and financial performance.  

 Since the results of the innovativeness scale and the number of new 

products, process, and business systems were inconsistent, future work 

should be carried out to investigate items addressing small-scale vs. large 

scale changes. 

Managerial implications 

Although managers indicated their mills introduce more new products 

than processes, the results of the innovativeness scale show a stronger focus 

on process innovativeness. The focus on process innovativeness is consistent 

with an industry that has traditionally had a commodity product orientation with 

a focus on producing at the lowest cost and improving processing efficiency 

through the creation and adoption of new processing technology. Previous 
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research has shown that firms should strive for a more balanced innovative 

portfolio. Respondents did not show a particularly high focus in any of the 

three aspects of innovativeness, indicating that there is room for improvement 

in all three aspects. This is particularly true for business systems 

innovativeness, which respondents rated as the lowest aspect of 

innovativeness. Managers should be aware that the innovative focus of the 

organization must be consistent with the strategic orientation and culture of the 

firm. While decisions that affect an organization’s culture are generally made 

at high levels within the organization, decisions affecting innovativeness 

generally occur at lower, more strategic levels within the organization that are 

responsible for functions such as marketing and research and development. 

Therefore managers should encourage innovative activity within their firm. 
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CONCLUSIONS 

The purpose of this dissertation was to gain a better understanding of 

innovativeness and it’s measurement in the North American softwood 

sawmilling industry. Objectives of this study were to develop a valid and 

reliable measure of firm innovativeness for firms in industrial manufacturing 

industries, assess the current level and focus of innovativeness in the North 

American softwood sawmilling industry, assess the relationship between firm 

innovativeness and financial performance in the North American softwood 

sawmilling industry, and compare three methods for measuring firm 

innovativeness. To meet these objectives, innovativeness was measured 

using a two-stage approach. 

In Stage I, innovativeness was measured using three methods: a self-

evaluated measure, current sawmill technology and the propensity to create 

and/or adopt scale (a scale developed for this dissertation). These three 

measures were then compared. In the absence of an objective measure of 

firm innovativeness, it is difficult to determine which of these three measures 

provided the best assessment of sawmill innovativeness. In this study, firms 

were grouped based on their current level of processing technology and the 

self-evaluated and propensity to create and/or adopt innovativeness scales. 

The results showed that both scales did a good job of differentiating firms 

based on current processing technology, but the Coefficient alpha values of 

the propensity to create and/or adopt scale were more favorable than for the 

self-evaluated scale. 
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The self-evaluated and propensity to create and/or adopt scales were 

similar, with respondents rating their sawmills near the midpoint of the scale. 

The major differences between these two scales is that with the self-evaluated 

scale, respondents are directly evaluating their firm on product, process and 

business systems innovativeness while with the propensity to create and/or 

adopt scale, product, process and business systems innovativeness are 

treated as latent variables which respondents indirectly rate through multiple 

items. The use of multiple items is generally considered more reliable than 

using single items. The increased reliability was confirmed in this study with 

the reliability of the propensity to create and/or adopt scale having a coefficient 

alpha well above the 0.80 minimum recommended value and the self-

evaluated measure having coefficient alpha values well below that value. 

The results of the current technology innovativeness measure were 

similar to the other two measures. However, several problems were identified 

with the current technology data including inconsistent responses within a mill 

and incomplete responses. The problems with the current technology measure 

were consistent with those identified from previous literature and confirm that 

current technology is not a desirable measure of firm innovativeness. 

The propensity to create and/or adopt scale was refined using a 

structured scale refinement procedure. In Stage II of this dissertation, the 

resulting 18-item scale was used to collect data in the North American 

softwood sawmilling industry. The structured scale refinement procedure used 

in Stage I was repeated on the refined scale. The result of this procedure was 
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a 15-item scale. More work is required to test this scale in other forest industry 

sectors and other industrial manufacturing industries.  

In both stages of this work, the level and focus of sawmill 

innovativeness were investigated. The results of both stages were consistent 

with all three aspects of innovativeness being at or near the scale midpoint, 

indicating no strong innovative focus among respondents. Process 

innovativeness was rated as the highest aspect of innovativeness and was 

found to be significantly higher than the scale midpoint in both stages.  

The relationship between innovativeness and financial performance for 

firms in the North American softwood sawmilling industry was found to be 

positive and significant in both stages. While process innovativeness had the 

strongest relationship with performance of each of the three individual aspects 

of innovativeness, the composite of innovativeness had an even stronger 

relationship with performance. This result is consistent with previous literature 

showing that firms benefit from a balanced innovative focus.  

The relationship between current sawmill technology and sawmill 

performance was relatively weak. This weak relationship may be the result of 

mills with more equipment having increased capacity and therefore having 

more product to sell. In order to reduce inventory at the mill, this increased 

volume of product may actually be sold at a lower margin. 

Finally, the relationship between firm innovativeness and financial 

performance was investigated using structural equations modeling. This 

relationship was found to be significant and positive, with all model parameters 
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being significant. The model fit was found to be acceptable. Size, as measured 

by both the number of employees and annual production volume, was found to 

be a significant and positive moderator of the relationship between 

innovativeness and performance. These two measures of firm size were 

significant in the model individually, and in combination, and the use of size as 

a moderator improved model fit.  

While this research was performed in one specific sector of the forest 

products industry, the results were consistent with theory and, therefore, may 

be generalizeable to other sectors in the forest products industry. This work 

has shown that all aspects of firm innovativeness identified in previous 

literature can be captured using one measurement instrument that is easy to 

implement. While this measurement instrument needs further refinement and 

testing in other industrial manufacturing industries, it is a significant 

improvement over previous methods used to assess firm innovativeness. 
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MANAGERIAL IMPLICATIONS 

 The softwood sawmilling industry has traditionally had a commodity 

product orientation. As a result, firms have focused on producing at the lowest 

cost and improving processing efficiency by creating and/or adopting new 

processing technology. The results of this study show that focusing on new 

processing technology may not be the most effective strategy. Results from 

stage one of this dissertation show that firms that were innovative in all three 

areas, product, process and business systems, performed better than firms 

with a focus on manufacturing processes. The results show that there is room 

for improvement for firms in the softwood sawmilling industry regarding all 

aspects of innovativeness. This is particularly true for product innovativeness, 

which respondents rated as the lowest aspect of innovativeness with both the 

self-rated and the propensity to create and adopt scales. Managers should 

keep in mind that the innovative focus of the organization must be coherent 

with the firm’s strategic orientation. Consequently, changes in firm strategy 

may be required to successfully implement a new innovative orientation. 

Although managers indicated their mills introduce more new products 

than processes, the results of the innovativeness scale show a stronger focus 

on process innovativeness. The focus on process innovativeness is consistent 

with an industry that has traditionally had a commodity product orientation with 

a focus on producing at the lowest cost and improving processing efficiency 

through the creation and adoption of new processing technology. Previous 

research has shown that firms should strive for a more balanced innovative 
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portfolio. Respondents did not show a particularly high focus in any of the 

three aspects of innovativeness, indicating that there is room for improvement 

in all three aspects. This is particularly true for business systems 

innovativeness, which respondents rated as the lowest aspect of 

innovativeness. Managers should be aware that the innovative focus of the 

organization must be consistent with the strategic orientation and culture of the 

firm. While decisions that affect an organization’s culture are generally made 

at high levels within the organization, decisions affecting innovativeness 

generally occur at lower levels.  

Managers should encourage an organizational climate within their firm 

that promotes innovative activity. Innovative activities will be enhanced 

through the creation of an organizational structure where all parts of the 

organization are integrated and where information freely flows through the 

organization. In addition to communicating within the organization, it is 

imperative that firms maintain open channels of communication with their 

customers. Planning regular visits to customers will allow your firm to see how 

your customer is using your products and may provide ideas for how to 

improve current products or possibly ideas for innovative, new products. 

There is no set of guidelines that can be developed to fit all firms. The 

specific innovative focus of the firm will differ based on many factors including 

product strategy, size of the firm, customer preferences and the competitive 

environment in which the firm operates. For example, previous research has 

shown that smaller firms in the forest products industry compete with larger 
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companies through implementation of all types of innovations. Smaller firms 

generally do not have the resources to compete with larger firms regarding 

processing technology. Therefore, these firms should invest in processing 

technology at a level that will allow them remain competitive and invest their 

remaining resources to develop innovative products and business systems. 
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FUTURE WORK 

The unique contributions of this work include a thorough review and 

critique of the literature regarding firm innovativeness, the development of a 

scale to assess all aspects of innovativeness identified in previous literature 

through a structured scale development process (Churchill 1979, DeVellis 

2003, Netermeyer et al. 2003), and investigation of the relationship between 

innovativeness and financial performance using this newly developed scale.  

While the scale developed in this dissertation appears to adequately 

measure innovativeness, further work is warranted to verify and refine this 

scale. To this point, the scale has only been used in one sector, within one 

industry. Future work should be done to verify its usefulness in other sectors of 

the industry and other manufacturing industries. 

 The relationship between firm innovativeness and financial performance 

should be investigated in other sectors of the forest products to confirm 

consistency with the softwood sawmilling industry. Additionally, as previous 

literature has identified firm innovativeness as an aspect of a firm’s culture, the 

concept can not be fully considered without factoring in a firm’s climate for 

innovation. Future work should address the impact of firm climate for 

innovation on innovativeness and financial performance.  

 Since the results from the innovativeness scale were not consistent with 

the reported number of new products, process, and business systems 

implemented within responding mills, future work should be carried out to 
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investigate items that address both incremental and radical innovations, an 

aspect not accounted for in this work. 

 Finally, future work should focus on developing a better understanding 

of the impact of each aspect of innovativeness on financial performance. 

There is a need for both managers and researchers to understand how firms 

should best invest resources among these aspects, based on the specific 

characteristics of the firm. There are many scenarios worth investigating 

including the appropriate innovative profile for a given culture, strategy, 

industry, or firm size. 
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Appendix 1 Cover letter, questionnaire and reminder postcard used during 
Stage I. 
 
Mill Manager 
ABC Company 
Anywhere, USA 00000 
 
Dear Mr./Mrs. Mill Manager:   
 
You are receiving this as part of a study on innovativeness conducted by the Forest Business 
Solutions Group at Oregon State University.  The objective of this study is to develop a better 
understanding of the interaction between innovation and firm performance.  The information 
you provide will lead to guidelines for types of innovative focus of sawmills in the future.  
This is the second generation of research on innovativeness in the North American softwood 
sawmilling industry.  If you would like to see the results of the first study, please enclose your 
business card with the completed questionnaire in the postage pre-paid envelope and I will 
email them to you.   
 
Enclosed are three copies of a questionnaire regarding the innovativeness of your sawmill.  
The targets for the questionnaires are the top three people at the mill, including, but not 
limited to:  
 

• Owner 
• Mill manager 
• Shift manager(s) 
• Quality control supervisor 

 
For this research to be successful, I need independent responses from these three people. 
 
The success of this research and my graduate program depends on responses from three 
people at each mill.  Completing the questionnaire should take only 15 minutes of your time.  
Please complete the questionnaire and return it in the postage prepaid envelope as soon as 
possible. 
 
The information you provide will be held in strict confidence.  The number on the 
questionnaire is for administrative purposes and allows me to remove your name from the 
mailing list upon receipt of your response.  Reports resulting from this study will contain only 
data combined from many responding companies; no information will be released about 
individual companies.   
 
If your company has several mills, when answering the questions, please consider only the 
operation to which this questionnaire was mailed.   
 
Thank you very much for your help!  If you have any questions please contact me at (541) 
737-8498 (Fax: (541) 737-3385). 
 
Sincerely, 
 
 
Chris Knowles 
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Innovativeness in the Forest Products Industry 
 
A study by the Forest Business Solutions Group 
College of Forestry 
Oregon State University 
 
Contact:   Chris Knowles 
  541-737-8498 
 chris.knowles@oregonstate.edu 
 
By better understanding current industry innovation practices, we are striving to provide 
information that can help companies improve their innovativeness and resulting 
competitiveness. Your contribution is extremely important to the success of this effort. Your 
responses will be held in strict confidence and the information you provide will never be 
associated with your name or company.  If you would like to see the results of this study, 
please include your business card in the business reply envelope. Three people at your mill 
will be receiving this questionnaire and responses from all 3 people are vital for the success of 
this project. 
 
1) Please describe your operation1 in each of the following three areas: 
 Not at all Innovative  Very Innovative 
Product Innovation (new product development) 1 2 3 4 5 
Process Innovation (Innovative production processes) 1 2 3 4 5 
Business Systems Innovation (e.g., innovative marketing) 1 2 3 4 5 
1 By “operation” we refer to your production site rather than your overall company. 
 
2) Please indicate to what extent you agree/disagree with the following statements. 

 Disagre
e  Agree 

Our company actively develops new products. 1 2 3 4 5 
Our company actively develops in-house solutions to improve our manufacturing 
processes. 1 2 3 4 5 

Our company actively develops in-house information technology solutions. 1 2 3 4 5 
Our company tends to be an early adopter of new manufacturing processes. 1 2 3 4 5 
Our company tends to be an early adopter of new business systems. 1 2 3 4 5 
Our company sees creating new products as critical to our success. 1 2 3 4 5 
Our company sees creating new manufacturing processes as critical to our success. 1 2 3 4 5 
Our company actively develops in-house managerial approaches. 1 2 3 4 5 
Having the latest, most efficient manufacturing processes is critical for our success. 1 2 3 4 5 
Within our company, we are able to implement new business systems used by other 
organizations. 1 2 3 4 5 

When it comes to creating new products, our company is far better than the competition. 1 2 3 4 5 
When it comes to creating new processes, our company is far better than the competition. 1 2 3 4 5 
Our company sees creating new business systems as critical to our success. 1 2 3 4 5 
Our company actively seeks new manufacturing processes from outside this organization. 1 2 3 4 5 
Our company considers business systems ideas provided by external sources as critical to 
our success. 1 2 3 4 5 

Over the past three years, our company has been better than before regarding developing 
new products. 1 2 3 4 5 

Over the past three years, our company has been better than before regarding developing 
new manufacturing processes. 1 2 3 4 5 

When it comes to creating new business systems, our company is far better than the 
competition. 1 2 3 4 5 

Within our company, we are able to implement new manufacturing processes used by 1 2 3 4 5 

mailto:chris.knowles@oregonstate.edu
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other organizations. 
Having the latest, most efficient business systems is critical for our success. 1 2 3 4 5 
Within our company, we are able to implement new product ideas from other parts of our 
organization. 1 2 3 4 5 

Within our company, we are able to implement new manufacturing process ideas from 
other parts of our organization. 1 2 3 4 5 

Within our company, we are able to implement new business systems ideas from other 
parts of the organization. 1 2 3 4 5 

Our company considers manufacturing ideas provided by external sources critical to our 
success. 1 2 3 4 5 

Our company actively seeks new business systems from outside this organization. 1 2 3 4 5 
 
 
3) Please evaluate each of the statements with this phrase in mind: In our operation…  

 Disagre
e  Agree 

Staff are actively involved in decision-making processes. 1 2 3 4 5 
Staff are actively involved in carrying out changes in any area to adapt to and/or keep 
ahead of new situations. 1 2 3 4 5 

All parts of this mill are interconnected, working together in a coordinated fashion. 1 2 3 4 5 
Experimentation and innovation are promoted as a way of improving the work processes. 1 2 3 4 5 
Part of the culture is that employees can express their opinions and make suggestions 
regarding the procedures and methods in place for carrying out tasks. 1 2 3 4 5 

People are willing to share their power. 1 2 3 4 5 
Employees a good understanding of the overall objectives of the mill. 1 2 3 4 5 
Managers try to help employees understand the dynamics of the market situation. 1 2 3 4 5 
All parts of the mill are aware of how they contribute to achieving the overall objectives. 1 2 3 4 5 
Employees of this mill trust management. 1 2 3 4 5 

 
4) Please circle yes for the machine centers that exist in this mill and no for machine 
centers that do not exist in the mill, then circle the type of optimizing equipment used at 
each machine center and give the year of the last upgrade. 
  Machine 

Center 
Optimizing Equipment Last 

Machinery 
Upgrade 

Last 
Optimizing 
Upgrade 

Yes No Log 
bucking 2D 3D Real-

time 
Real-
shape None ___________ ___________ 

Yes No Headrig 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Resaw 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Gangsaw 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Edging 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Planing 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Trimming 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Sorting 2D 3D Real-
time 

Real-
shape None ___________ ___________ 

Yes No Small log 
processing 2D 3D Real-

time 
Real-
shape None ___________ ___________ 
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5) Please indicate whether your mill has each of the following and the year of 
implementation: 
  Equipment Year implemented 
Yes No Curve sawing _____________ 
Yes No Automatic grading _____________ 
Yes No Auto saw tipper _____________ 
Yes No Auto saw tensioner _____________ 
Yes No Inventory tracking system _____________ 
Yes No Real-time size control _____________ 
Yes No In-line moisture meter _____________ 
Yes No Dry kiln _____________ 
 
 If the mill has an in-line moisture meter, is the data from this meter used to monitor the 
variation of moisture content within a kiln charge? Yes  No 
 
If the mill has a dry kiln, please indicate how the kiln operator determines when to pull a 
charge: 
Pin-type moisture meter  Capacitance moisture meter 
   In-kiln moisture meter  Other ___________________ 
 
 
 
6) Please indicate the type of saws used on the headrig.  
 
  Band  Circular 
 
7) Please indicate the type of saw teeth used on the headrig.  
 
Swaged  Carbide  Stellite  High-speed steel   
 
8) Please indicate the type of saws used on the gangs/resaws. 
 
Band  Circular 
 
9) Please indicate the type of saw teeth used on the gangs/resaws.  
  
Swaged  Carbide  Stellite  High-speed steel 
 
 
10) What is the annual production volume for this mill? ____________________ 
Thousand board feet 
 
11) What species are processed in this mill and what are the relative volumes of each 
species? 
 
Species      Relative Volume (%) 
Southern Pine     _________________ 
Spruce-Pine-Fir (East)    _________________ 
Spruce-Pine-Fir (West)    _________________ 
Douglas-fir     _________________ 
Hem-fir      _________________ 
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Ponderosa Pine     _________________ 
Other (please specify) ________________ _________________ 
     Total =                  100 %_____                    
 
 
12) Please indicate the category that in your opinion best approximates how your 
operation compares with other competitors in your industry during the most recent 
year. 
 Lowest 

20% 

Next 
Lower 
20% 

Middle 
20% 

Next 
Highest 
20% 

Top 
20% 

Sales Level 1 2 3 4 5 
Sales Growth Rate 1 2 3 4 5 
Cash Flow 1 2 3 4 5 
Gross Profit Margin 1 2 3 4 5 
Other: 
__________________ 1 2 3 4 5 

 
 
13) How many employees are at this production site? _________________________ 
 
 
14) Please indicate your position within your company  
 
 Other (please specify) ٱ   QC Supervisor ٱ   Shift Manager ٱ   Mill Manager ٱ
__________________ 
 
 
15) Please indicate the number of years you have been with this company 
_____________________ 
 
 
Thank you for your assistance!!  Please return the questionnaire in 
the provided, business-reply envelope.  If you would like results of 
this study, please enclose your business card with the questionnaire. 
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Dear Forest Industry Manager: 
 
Recently a questionnaire was sent to you from the Forest Business Solutions Group at 
Oregon State University. If you have already completed and returned the 
questionnaire, thank you. 
 
If you have not yet responded, I encourage you to do so. 
 
Your response is extremely important!!! 
 
Please remember, the answers you provide are strictly confidential. Your responses, 
together with others, will be combined and used for statistical summaries only. I look 
forward to receiving your response. If you need a new copy of the questionnaire, I 
would be happy to fax one to you (Chris.Knowles@oregonstate.edu: 541-737-8498). 
 
Best Regards, 
 
 
 
Chris Knowles 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:Chris.Knowles@oregonstate.edu
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Appendix 2 Cover letter, questionnaire and reminder postcard used in 
Stage II. 
 
Mill Manager 
ABC Company 
Anywhere, USA 00000 
 
Dear Mr./Mrs. Mill Manager: 
 
You are receiving this as part of a study on softwood sawmilling innovativeness conducted by 
the Forest Business Solutions Group at Oregon State University. The objective of this study is 
to develop a better understanding of the interaction between innovation and firm performance. 
The information you provide will lead to guidelines for types of innovative focus of sawmills in 
the future.  
 
As a forest industry manager, I am asking for your help in determining some of the aspects of 
innovativeness in the softwood sawmilling industry. I would appreciate it if you would take 
about 15 minutes to respond to the attached questionnaire and return it by fax to (541) 737-
3385 or mail it to me at the address above. Additionally, the questionnaire is available online 
at https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=1569 if you 
would prefer to complete the online version. Use FBS to logon and the ID number found on 
the upper right hand corner of your questionnaire to answer question 1. The ID number on 
your questionnaire will be removed once it has been received. (The number is used to contact 
those who have not returned their questionnaire, so those who have responded are not 
burdened with additional mailings.) 
 
Your responses will be combined with others. If the results of this project are published your 
identity will not be made public. Your participation in this study is voluntary and you may 
refuse to answer any question(s) for any reason. Only a small sample of industry managers 
will receive the questionnaire, so your participation is important to this study. The success of 
this research and my degree depends on your response.  
 
If you have any questions about the questionnaire, please contact me at (541) 737-1438 or by 
email at chris.knowles@oregonstate.edu  or contact my supervisor at (541) 737-4240 or by 
email at eric.hansen2@oregonstate.edu.  
 
The answers you provide will be kept confidential to the extent permitted by law. Special 
precautions have been established to protect the confidentiality of your responses. If you do 
not want to participate and do not wish to be contacted further, please return the uncompleted 
questionnaire as outlined above. There are no foreseeable risks to you as a participant in this 
project; nor are there any direct benefits. However, your participation is extremely valued. If 
you have any questions about your rights as a participant in this research project, please 
contact the Oregon State University Institutional Review Board (IRB) Human Protections 
Administrator at (541) 737-4933 or by email at IRB@oregonstate.edu. 
 
Thank you for your help. I appreciate your cooperation. 
 
Sincerely, 
 
Chris Knowles 
PhD Candidate, Wood Science and Engineering 
 
 
 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=1569
mailto:chris.knowles@oregonstate.edu
mailto:eric.hansen2@oregonstate.edu
mailto:IRB@oregonstate.edu
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Innovativeness in the Softwood Sawmilling Industry 
 
A study by the Forest Business Solutions Group                     Contact:  Chris Knowles 
College of Forestry        (541) 737-1438 
Oregon State University                    
 chris.knowles@oregonstate.edu 

  
 
By better understanding current industry innovation practices, we are striving to provide 
information that can help companies improve their innovativeness and resulting 
competitiveness. Your contribution is extremely important to the success of this effort. Your 
responses will be held in strict confidence and the information you provide will never be 
associated with your name or company.   
 
1) Please evaluate each of the statements with this phrase in mind: In our mill…  
 Disagree  Agree
All employees are actively involved in decision-making processes. 1 2 3 4 5 6 7 
All employees are actively involved in carrying out changes in any area to adapt to 
and/or keep ahead of new situations. 1 2 3 4 5 6 7 

All parts of this mill are interconnected, working together in a coordinated fashion. 1 2 3 4 5 6 7 
Experimentation and innovation are promoted as a way of improving our work 
processes. 1 2 3 4 5 6 7 

Part of our culture is that employees can express their opinions and make 
suggestions regarding the procedures and methods in place for carrying out tasks. 1 2 3 4 5 6 7 

All employees are willing to share their power. 1 2 3 4 5 6 7 
All employees have a good understanding of the overall objectives of the mill. 1 2 3 4 5 6 7 
Managers try to help employees understand the dynamics of the market situation 
(i.e. prices, distribution channels). 1 2 3 4 5 6 7 

All parts of the mill are aware of how they contribute to achieving the overall 
objectives of this mill. 1 2 3 4 5 6 7 

Employees of this mill trust management. 1 2 3 4 5 6 7 
 
2) How many products are in your product line? ____________ How many were 

introduced in the last 3 years? ____________ 
 
3) Please indicate the number of:  

(When answering consider changes that are small or large and internal 
developments or those adopted from external sources) 
new manufacturing processes at this mill in the last 3 years ____________ 
new business systems (marketing, administration, or management) at this mill 
in the last 3 years ____________ 

 
4) What is the annual production volume for this mill? ____________________ 
Thousand board feet  
 
5) Please indicate the percentage of production at this site that is manufactured for 

structural purposes ________% and for appearance purposes _________% 
 
6) How many employees are at this production site? _________________________ 
 
 

mailto:chris.knowles@oregonstate.edu
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7) Please indicate to what extent you agree/disagree with the following statements. 
 Disagree   Agree
Within our company, we are able to implement new manufacturing 
processes used by other organizations. 1 2 3 4 5 6 7 

Our company tends to be an early adopter of new products. 1 2 3 4 5 6 7 
Our company actively seeks new business systems from outside this 
organization. 1 2 3 4 5 6 7 

Our company actively develops in-house solutions to improve our 
manufacturing processes. 1 2 3 4 5 6 7 

Our company actively develops new products in-house. 1 2 3 4 5 6 7 
Our company tends to be an early adopter of new manufacturing 
processes. 1 2 3 4 5 6 7 

Within our company, we are able to implement new business systems used 
by other organizations. 1 2 3 4 5 6 7 

Our company actively seeks new products from outside this organization. 1 2 3 4 5 6 7 
When it comes to creating new business systems, our company is far better 
than the competition. 1 2 3 4 5 6 7 

Our company actively seeks new manufacturing processes from outside 
this organization. 1 2 3 4 5 6 7 

Our company sees creating new products as critical to our success. 1 2 3 4 5 6 7 
Within our company, we are able to implement new products used by other 
organizations. 1 2 3 4 5 6 7 

When it comes to creating new processes, our company is far better than 
the competition. 1 2 3 4 5 6 7 

Our company tends to be an early adopter of new business systems. 1 2 3 4 5 6 7 
Our company sees creating new business systems as critical to our 
success. 1 2 3 4 5 6 7 

When it comes to creating new products, our company is far better than the 
competition.  1 2 3 4 5 6 7 

Our company sees creating new manufacturing processes as critical to our 
success. 1 2 3 4 5 6 7 

Our company actively develops in-house business systems solutions. 1 2 3 4 5 6 7 
 

8) Please indicate the category that in your opinion best approximates how your operation 

compares with competitors in your industry during the most recent year. 

 

 Lowest 
20% 

Next 
Lower 
20% 

Middle 
20% 

Next 
Highest 

20% 
Top 20% 

Return on sales (ROS) 1 2 3 4 5 
Sales Growth Rate 1 2 3 4 5 
After tax return on assets 
(ROA) 1 2 3 4 5 

Overall Competitiveness 1 2 3 4 5 
 
9) Please provide the following information 
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Your current position  
Number of years in current position  
Number of years with this company  
Number of years in the industry  
 
Thank you for your assistance!!  Please return by fax to (541) 
737-3385.  
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Mill Manager 
ABC Company 
Anywhere, USA 00000 
 
Dear Mr./Mrs. Mill Manager: 
 
Recently a questionnaire was sent to you from the Forest Business Solutions 
Group at Oregon State University. If you have already completed and returned 
the questionnaire, thank you. 
 
If you have not yet responded, I encourage you to do so. 
 
Visit http://owic.oregonstate.edu/innovation if you prefer to complete the 
questionnaire online. Your ID number is: 009. 
 
Your response is extremely important!!! 
 
Please remember, the answers you provide are strictly confidential. Contact 
me If you need a new copy of the questionnaire 
(Chris.Knowles@oregonstate.edu: 541-737-1438). 
 
 
Best Regards, 
 
   
                                              
Chris Knowles 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:Chris.Knowles@oregonstate.edu
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Appendix 3 Final 15 items in the product, process, and business 
systems scale 
 
Our company tends to be an early adopter of new products. 
Our company actively seeks new business systems from outside this organization. 
Our company actively develops in-house solutions to improve our manufacturing processes. 
Our company actively develops new products in-house. 
Our company tends to be an early adopter of new manufacturing processes. 
Within our company, we are able to implement new business systems used by other 
organizations. 
Our company actively seeks new products from outside this organization. 
Our company sees creating new products as critical to our success. 
Within our company, we are able to implement new products used by other organizations. 
When it comes to creating new processes, our company is far better than the competition. 
Our company tends to be an early adopter of new business systems. 
Our company sees creating new business systems as critical to our success. 
When it comes to creating new products, our company is far better than the competition.  
Our company sees creating new manufacturing processes as critical to our success. 
Our company actively develops in-house business systems solutions. 
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