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ABSTRACT 
 

Title: Resources: The Effect of Top Management Team Characteristics and Outside Influences on 
the Knowledge Management of Small Entrepreneurial Firms 

Candidate’s Name: Tolulope Bewaji 
Degree: Doctor of Philosophy 
Temple University: May 2009 

Doctoral Advisory Committee Chair: Dr. Robert D. Hamilton 
 

This study examines small entrepreneurial firms and factors that influence their level of 

knowledge management and knowledge creation.  The dissertation investigates the effect of top 

management team as a resource in small entrepreneurial firms.  Stepping outside of the internal 

resources of a firm, this paper also delves into the effect of outside sources of capital and 

knowledge of firm knowledge creation.  The paper enriches research on the factors that increase 

knowledge creation and knowledge management of small entrepreneurial firms.  

 

First, in response to evidence that Top Management Team (TMT) characteristics affect 

performance of high technology firms, this examined TMT average age, education and founder 

presence effect on the research and development (R&D) intensity, in a cross-sectional sample of 

software and pharmaceutical firms, with IPOs between the years 2002 and 2004.  Average 

education is positively associated with R&D intensity.  The interaction of TMT education and 

TMT average age negatively affects R&D intensity.  TMT education in founders is positively 

associated with R&D intensity.  The first set of results enriches extant research on TMT 

characteristics’ effect on R&D intensity, which ultimately affects firm performance.  

 

Continuing, extant research posits that the research and development (R&D) intensity of firms is 

highly correlated with knowledge creation as measured by patent citation.  This paper argues that 
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there are unexplained variables that moderate the effectiveness of research and development 

knowledge creation.  Using the resource-based view, the top management team (TMT), is 

exmined as an intangible asset.  Hypotheses are developed on how high-technology firms’ 

creation of knowledge, operationalized as their patent citations output, is affected by the TMT 

characteristics of average age, education level, education background, founder presence, and 

TMT industry experience.  The findings show that TMT education background and TMT 

industry experience are significant influences on firm patent citation.  When controlling for the 

TMT variables, R&D intensity was not significantly related to patent citation.  

   

Finally, research on research and development intensity demonstrates a strong association with 

patents.  At the same time, there is an unexplained gap in the move from research and 

development to patents in explaining innovation.  Prior research assumes that internal resources 

are preeminent, ignoring the role of external factors.  This paper reviews outside resources to 

assess their effect on patent citation and patent rates.  It was found that partnerships with 

universities and firm geographic location improve innovative activity, whilst grants from the 

government and partnerships with large firms are not significantly associated with innovative 

activity.  The Board of directors (BOD) has no significant impact on innovative activity.  In 

terms of interaction effect, BOD has a negative interaction effect with geographic clusters. This 

paper enriches research on the outside resources that increase innovative activity.  
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CHAPTER 1 
INTRODUCTION 

 
Entrepreneurs have been called the driving force of the market system (Kor, Mahoney, and 

Michaels 2007: Mises, 1998).   They are defined as individuals who are both founders and 

members of the firm’s top management team (Hmieleski and Ensley, 2007).  An impetus for 

entrepreneurship is to achieve competitive advantage by introducing new technologies (Kirzner, 

1997), thus leading to innovations (Dollinger, 1994).  High technology IPO firms are considered 

to be entrepreneurial because they need to invest in research and development (R&D) to generate 

product innovations and gain positive returns (Deeds, 2001; Dowling and McGee, 1994; Kor, 

2003; 2006; Mosakowski, 1993).  The allocation of R&D resources is a key responsibility of the 

firm’s top management team.  R&D investment is considered a valid measure of the firm’s 

innovative activity (Cohen and Levinthal, 1990).   

 

Researchers have examined the effect of top management team (TMT) characteristics on firm  

performance (Hambrick, Cho and Chen, 1996; Kilduff, Angelmar, and Mehra, 2000; Lyon and 

Ferrier, 2002), with a focus on age, (Mudambi and Treichel, 2005), education (Tihanyi, 

Ellstrand, Daily, and Dalton, 2000), social networks (Collins, and Clark, 2003), international 

experience (Carpenter, Sanders and Gregerson, 2004), and managerial tenure (Finkelstein and 

Hambrick, 1996).   Most previous research has examined the direct effect of TMT characteristics 

on firm-level characteristics, with only some studies examining interaction effects, for instance 

the effect of interaction between founder characteristics and team tenure on firm growth and 

sales (Kor, 2003;2006), and interactions between TMT characteristics, strategic aggressiveness 

and environmental factors on strategic decision-making (Brouthers, Brouthers and Werner, 
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2000).  The present study builds on extant research by studying both the direct and interactive 

effects of such TMT characteristics as age, education and founder presence on a firm’s allocation 

of resources for research and development.   

 

Extant research has primarily sampled large established firms, mainly in manufacturing firms.    

Theories based on large established firms will not translate well to those that are small and 

entrepreneurial.  Thus, it is imperative to examine factors affecting performance in smaller, more 

entrepreneurial firms, since these may differ from those operative in large established firms.  

Prior studies have focused on performance outcomes, with less attention to the processes that 

produce performance (Hermann and Datta, 2005; Papadakis and Barwise, 2002; Patzelt, 

Knyphausen-Aufse, and Nikol, 2008).  This study is unique in that it examines the process of 

resource allocation which affects performance.  It examines small high technology firms in the 

initial stage of development, specifically at the point of IPO.   

 

An IPO is a critical corporate event, which usually occurs when firms are relatively small and 

young, but rapidly growing and with good future prospects.  Expected performance after the IPO 

is considered to reflect pre-IPO performance (Mudambi and Treichel, 2005).  There is economic 

interest in high technology firms, because they possess the ability to innovate, with new products 

under investigation and in the pipeline.  For such firms, research and development is crucial 

since new products and services are necessary for future sales and financial success.    

 

High-technology firms are categorized as companies with high research and development 

expenditures and a large amount of technology embodied in their products and production 

processes (sba.gov).  High-technology firms are under-researched even though they have a large 

impact on the national economy. Most are considered to be entrepreneurial. Entrepreneurial 
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firms in high-technology industries face the same success barriers that all start-ups face such as 

lack of resources and the need to be on the cutting edge of technology (Stinchcombe, 1965; 

Zimmerman and Zeitz, 2002).  High-technology firms rely on innovations to a greater extent 

than other firms to reduce the possibility of failure (Deeds, and DeCarolis, 2000).  Innovation 

encompasses both the creation and harnessing of new technical ideas which leads to the creation 

of valuable products and services (Somaya et al. 2007).  Innovative activities, however, are 

fraught with risk (Greve, 2003), with most being of little value (Bosworth and Jobome, 1999); 

however, the profitable impact of a few can transform organizations and industries (Greve, 

2003).   

 

Knowledge creation is essential to high-technology firms because it improves their ability to 

raise funds in an initial public offering (IPO) (Deeds and DeCarolis, 1997).  Existing research 

has shown a positive relationship between research and development (R&D) investment and 

knowledge creation as measured by the number of firm patent applications (Griliches, 1990; Hall 

and Ziedonis, 2001; Somaya, Williamson, and Zhang, 2007; and Nicolls-Nixon and Woo, 2003).    

Somaya et al. (2007) proposed, however, that factors other than R&D intensity lead to 

knowledge creation.  This paper takes the position that human resource characteristics of the 

TMT play a significant role in generating new knowledge and commitment to innovation.  

Specifically, the effects of top management team (TMT) characteristics on firm knowledge 

creation will be investigated, focusing on average age, education level, education background, 

founder presence, founder industry experience and total industry member experience of TMT 

members, when controlling for R&D intensity.   
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High technology entrepreneurial firms, by definition, encounter environmental change as well as 

technological and market uncertainty (Kor 2003).  A strategic requirement for any firm’s 

survival is performance and high technology firms need continual innovation to improve 

performance (Deeds, and DeCarolis, 2000).   Innovation is a process that involves the creation of 

new technical ideas and the harnessing of new knowledge (Somaya, Williamson and Zhang, 

2007) which requires human and financial resources. 

 

Innovation process research frequently focuses on elucidating the effects of research and 

development (R&D) intensity (Griliches, 1990; Hall and Ziedonis, 2001; Kim and Marschke, 

2004).  R&D aids in the creation of new ideas; however, this is only one of the antecedents of 

innovation (Somaya, Williamson, & Zhang, 2007).   Innovation activity has been found to be 

based not only on R&D intensity but also other factors, for example the background of the top 

management team (Somaya, et al. 2007).  This paper posits the view that external resources 

influence firm innovation.  Some strategists assume that only internal factors, under the resource-

based view, affect innovation; however researchers accept the value of social networks with 

outsiders (Collins and Clark, 2003).  Social networks with outsiders indicate the value of 

knowledge from outside resources.  Based on research on external resources like social 

networks, this paper proposes that other external factors, will affect innovation.  This paper 

contributes to research by exploring these factors.   

 

The external resources to be investigated are partnership with universities, institutes, other 

research organizations and large established firms, grants from governmental agencies, board of 

directors’ (BOD) industry background, and the firm’s location in a geographic cluster.  The 
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interaction effect of the BOD industry background on external resources as they affect 

innovation will also be examined. 

 

This research aims to examine the factors of the top management team and external resources, 

that affect innovation as measured by patent citation, patent numbers as well as research and 

development intensity.  

 

Chapter 2 investigates existing literature on the role of TMT age, education and founder presence 

in innovation and performance and creating hypotheses as it relates to TMT demographics and 

firm R&D intensity.  Chapter 3 explores how TMT characteristics can actually influence 

innovation as measured by patent citation.  R&D intensity is expected to lead to innovation; the 

question in chapter 3 is what role TMT plays on innovation level.  Chapter 4 embraces the 

question of other resources specifically outside resources that can affect innovation.  The main 

thrust of Chapter 4 is to see how other factors can affect firm knowledge and innovation.  The 

paper will then conclude with implication of the dissertation, limitations as well as conclusions. 
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CHAPTER 2 
RESEARCH AND DEVELOPMENT INTENSITY IN ENTREPRENEURIAL FIRMS: 

THE EFFECT OF TOP MANAGEMENT TEAM CHARACTERISTICS  
 
Entrepreneurship is a field of increasing interest. Amit, Glosten and Muller (pp.816, 1993) define 

entrepreneurship as “the process of extracting profits from new, unique, and valuable 

combinations of resources in an uncertain and ambiguous environment.”  Entrepreneurial firms 

play a central role in the economy by generating much technological innovation, whereas large 

established firms tend to modify existing products (Choi, and Shepherd, 2004).  By definition 

entrepreneurial firms are smaller in size and younger than large established firms.  They tend to 

lack resources and the legitimacy needed to acquire them.  They often rely on family members 

for capital, while large established firms can sell shares to gain new funds.  A primary need for 

entrepreneurial firms is to increase legitimacy among banks, venture capitalists, and investors, on 

whom they rely for capital (Aldrich and Fiol, 1994).   Research has shown that acquiring 

legitimacy is in part a function of the characteristics of their top management teams 

(Zimmerman, and Zeitz, 2002). 

 

The main players in entrepreneurial firms are the top management team members (Kor, 2003).   

Since these firms have few hierarchical levels and simple chains of command, the TMT plays a 

central role in all resource allocation decisions (Kor, 2006), including those affecting R&D.  

Founders are usually present in the TMT and their vision for the firm tends to dominate goal-

setting and decision-making.  Hambrick and Mason (1984) pioneered research on the top 

management team.  They argued that performance is based on the values and cognitive bases of 

the TMT.  They stated that since these psychological traits cannot be easily measured, it is 

necessary to use proxy measures such as TMT members’ age (Mudambi and Treichel, 2005), 
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functional tracks, career experiences, socio-economic roots, group characteristics, and financial 

position.  Research has shown that such demographic characteristics affect decisions regarding 

alliances and diversification (Boivin and Roch, 2006), turnover (Wiersema and Bantel, 1993), 

competitive initiatives (Hambrick, Chow and Chen, 1996), and resource allocations (Prahalad 

and Bettis, 1986).  This paper will focus on TMT age, education level, and founder presence as 

factors affecting research and development intensity in entrepreneurial firms. 

Age 

High technology firms require flexibility, openness to change, and constant innovation.  

Investing in R&D is crucial for innovation but entails risk.  Younger managers may be more 

likely to accept this risk while older managers, who are closer to retirement, may be wary of risk-

taking actions that could affect their financial security (Tihanyi, et al, 2000).  Average TMT age 

has been found to have a negative effect on change orientation, growth and ultimately 

performance (Bantel and Jackson, 1989; Davidson III et al. 1990; Tihanyi et al. 2000; Wiersema 

and Bantel, 1992).   Studies have shown a positive reaction on the stock market when investors 

hear that younger executives in the firms are succeeding older executives as CEOs (Davidson III, 

Worrell, and Cheng, 1990).  Indeed, firms in growing industries, such as high technology, tend to 

have younger managers (Norburn, 1986).  Yet even in these industries TMT average age will 

vary.  Younger managers are more likely to foster change, risk-taking and innovation, which are 

criteria required in entrepreneurial firms.  High-technology firms with younger TMT members 

should thus be more likely to invest in R&D.  It is hypothesized that: 
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H1: The average age of top management team members has a negative effect on 

research and development intensity. 

Education 

Formal education is considered to be an indicator of knowledge and skills (Davidson et al. 1990).  

It is also related to values such as interest in new ideas and acceptance of change (Wiersema and 

Bantel, 1992).  Formal education has been found to increase the potential for innovation 

(Finkelstein and Hambrick, 1990; Hambrick and Mason, 1984).   Smith, Collins and Clark 

(2005) showed that education level among managers increased knowledge-creating capability 

and production of new goods and services.  Kimberly and Evanisko (1981) found that the 

average education of TMT members was positively correlated with firm adaptability and 

innovation.  They also found that the performance of high technology firms was highly 

dependent on product innovation, and such innovation was a function of resource allocation for 

R&D.  Highly educated managers are expected to have a more positive orientation toward 

innovation and should therefore be more likely to allocate resources into R&D.   This may be 

why the level of education among managers has been found to be positively related to firm 

performance (Hambrick, Cho and Chen, 1996).  It is hypothesized that: 

H2: The average education level of top management team members has a positive 

effect on research and development intensity. 

Founder Presence 

Founders of entrepreneurial firms embody tacit knowledge of the firm’s purpose and capabilities 

(Kor, 2003).  Their psychological predisposition, values, and ways of working become imprinted 
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in the organization’s structure and culture (Nelson, 2003).  The presence of founders in top 

management teams is a valuable source of knowledge that can be used to better allocate 

resources (Kor, 2003), utilize opportunities (Kor and Mahoney, 2000), and achieve growth (Kor, 

2003).  It has been argued that founders’ knowledge is important and inimitable, thus a key 

source of competitive advantage (Grant, 1996; Kor, 2003).   Founders’ desire to push the firm to 

its highest level increases their interest in innovation.  Thus, they will tend to favor investment in 

research and development as a central feature of firm strategy.  Furthermore, founders have 

considerable knowledge of their industry and thus know what kinds of innovations are needed 

for successful performance (Grant, 1996). Thus it is hypothesized that: 

H3: The percentage of top management team members who are founders has a positive 

effect on research and development intensity. 

Interactive Effects 

In addition to examining the direct effects of TMT characteristics on R&D intensity, this study 

also investigates their interactive effects.   

Age and Education 

It is common in entrepreneurial high technology firms for TMT members to be both young and 

highly educated.  Research suggests that firms with young, highly educated executives are 

vibrant and well-qualified to manage information and make important decisions (Bantel and 

Jackson, 1989; Child, 1974).  Their youthful attitudes and high level of education push them to 

focus on innovation as a means of achieving competitive advantage.  Their more recent formal 

education is likely to reflect current research findings and to be fresh in their minds.  Thus for 
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younger managers, formal education should be an important factor in stimulating interest in 

innovation.  The same is not true for older managers, whose education was likely obtained in the 

more distant past.  The content of what they were taught was based on older research and may be 

inapplicable to their present situation.  Furthermore, current teaching styles tend to foster 

creativity and innovation, rather than mere rote learning.  Unless older managers engage in 

continuous learning through reading professional journals and attending professional meetings, 

they will recollect less of what they learned in the classroom.  Their decision-making procedures 

stem largely from their accumulated experience rather than from formal learning.  They will tend 

to see less value in the explicit experimentation carried out in research departments.  Thus while 

education tends to foster concern for innovation and experimentation among managers generally, 

it is less likely to affect older ones.  The following hypothesis is therefore posited: 

H4: The average age of top management team members moderates the effect of 

education on research and development intensity, such that the positive effect of 

education is reduced as average TMT age increases. 

Founder Presence and Age 

Founders play a central role in entrepreneurial companies.  They embody deep commitment to 

the company and its long-term success.  Their work in the company is not just a “job” but an 

extension of the self.   Moreover, they possess a great deal of codifiable and tacit knowledge 

about company operations and the demands of the business environment.  TMTs dominated by 

founders should have a culture that values the importance of innovation.  Such teams should be 

deeply committed to making sure that resources are allocated to research and development, even 

if this may not always be easy given the many other demands for resources in small growing 
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firms.  It was proposed that age will have a negative direct effect on research and development 

intensity.  However, given the strong commitment of founders to innovation, it follows that the 

negative effect of age may be reduced or eliminated in TMTs dominated by founders.  The 

following hypothesis is thus proposed: 

H5: The percentage of top management team members who are founders moderates 

the effect of average age on research and development intensity, such that the negative 

effect of age is reduced as founder percentage increases. 

Founder Presence and Education 

The previous discussion suggested that a large proportion of founders in the TMT tend to 

develop a culture that favors innovation.  This culture is presumably so strong that it counters or 

even nullifies the effect of other factors that have been found to be related to R&D intensity.  

Previous research has suggested that higher levels of formal education foster a greater 

commitment to innovation among managers (Kimberly and Evanisko, 1981).  Yet given a strong 

founder culture, it may be that a TMTs’ level of education is no longer an operative factor.  

TMTs dominated by founders should show strong commitment to research and product 

innovation regardless of their level of formal education.  The following hypothesis is thus 

suggested:  

H6: The percentage of top management team members who are founders negatively  

moderates the effect of average education on research and development intensity, such 

that the positive effect of education is reduced as founder percentage increases. 
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Methodology and Measurement 

Sample and Sources of Data 

These hypotheses are tested on a sample of high technology software and pharmaceutical firms 

in the United States just at the time of their IPO (SIC=2834, 5045, 7371, and 7372).  High 

technology firms are accepted as entrepreneurial (Kor, 2006) and thus fit into the scope of this 

research.  Firms at the IPO stage should display significant TMT effects.  The sample consists of 

all the firms under the four specified SIC codes according to Edgar database that had IPOs from 

the years 2002-2004, totaling 128 firms.  Data on TMT characteristics and R&D intensity at the 

point of IPO were obtained from the SEC filings of the firms based on Edgar.  All of the 

variables are listed and defined in Table 1. 
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Table 2.1. 
Variable Definitions  

 

VARIABLE DESCRIPTION 

DEPENDENT VARIABLE 

R&D  
Research and development expense / Total firm sales 

Research and development expense / Total firm assets 

INDEPENDENT VARIABLES 

TMT average age Average age of TMT members 

TMT average education 

Average education of TMT members, where 0 = high 
school, 1 = some college, 2 = bachelor’s degree, 3 = 
master’s degree, 4 = juris doctor, 5 = combination of 
advanced degrees, and 6 = doctorate  

TMT founder percent Percent of  TMT members who are founders 

CONTROL VARIABLES 

Firm size (log) The natural logarithm of total number of employees 

Foreign sales Foreign sales / total sales  

TMT average compensation TMT members’ average compensation 

TMT firm ownership TMT members’ average equity ownership 

Firm age The age of the firm at the point of IPO 

Industry Software coded as 0, pharmaceuticals coded as 1 

Year 2003 IPO in 2003 

Year 2004 IPO in 2004 

 

Dependent Variable 

The dependent variable in this paper is research and development intensity, measured as R&D 

expense divided by total sales of the firm.  Since most of the firms in this study have high levels 
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of R&D expenditure but low or no sales (Kor, 2006), a second measure of R&D intensity was 

created, calculated as R&D expense divided by total assets.  Both measures are accepted by 

researchers as valid (Dowling and McGee, 1994; Fryxell, 1990; Kor, 2006).   

Independent Variables 

The independent variables in this study are TMT age, education and founder presence.   TMT is 

defined as the highest level of executives in the firm according to SEC filings.   

Age 

Based on the study by Goll and Rasheed (2005), TMT average age in research was calculated as 

the average of the ages of the TMT members of each firm at the time of IPO. 

Education 

Education of each TMT was measured on a scale with 0 as high school, 1 as some college, 2 as 

Bachelor’s degree, 3 as professional certifications and Master’s degree, 4 as Juris Doctor (JD),  5 

as a combination of advanced degrees, and 6 as a Doctorate.  The education level of each firm’s 

TMT was tabulated as an average for each company. 

Founder Presence 

To examine founder presence, SEC filings were utilized to note if any of the TMT members in 

attendance were present at the conception of the firm.  Founder presence was coded as 1 if a  

founder was present and 0 if the TMT member was not a founder (Jain, 2008).   We also had 

another measurement for founder presence, which was founder percent to increase the rigor of 

the data.  Founder percent was calculated as the proportion of TMT members who are founders. 
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Control Variables 

Control variables for this study are firm size, foreign sales as a percent of total sales, average 

TMT compensation, average TMT share ownership, firm age, year of IPO and industry, all of 

which can affect firm performance (Carpenter, Sanders and Gregersen, 2001).  Firm size was 

measured as the natural logarithm of total number of employees.  Foreign sales percentage is the 

ratio of foreign sales to total sales.  TMT compensation was calculated as the average earnings of 

all TMT members in each firm.  Firm ownership by the top management team is the average 

stock ownership of TMT members.  Firm age is the number of years since the point of IPO.  

Industry is a dummy variable with software coded as 0 and pharmaceutical firms coded as 1.  

Year is defined as the year the firm went to IPO.  Three dummy variables were created, one for 

each of the three years (2002, 2003, 2004).  Two of these variables, specifically year 2003 and 

year 2004, were included in the regression analysis.   

Data and Results 

Standard regression analysis was employed to test these hypotheses, specifically SPSS version 

15.0. Table 2 provides descriptive statistics.   
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Table 2.2. 

Descriptive Statistics 
 

 N Minimum Maximum Mean Std. Dev. Skewness 

R&D/Total sales 126     .00 4561300.00 135140.744 590833.61 6.01 

R&D/Total sales (log) 126     .00           15.33           4.247           4.18 1.10 

R&D/Total assets 127     .00       1698.19         53.33       167.29 8.05 

R&D/Total assets (log) 127     .00             7.44           2.54           1.80 -.12 

TMT average age 127 28.00           56.67         45.81           5.99 -.51 

TMT average education 102   2.00             6.00           3.41           1.08  .77 

Founder percent 127     .00             1.00             .14             .23 1.98 

Total employees 120   1.00     15300.00       333.72     1493.97 8.89 

Total employees (log) 120     .00             9.64           3.77           1.98  .07 

Foreign sales 122     .00         100.00         11.10         23.10 2.23 

TMT average compensation 104     .00   899986.20 184282.24 148032.59 1.72 

TMT firm ownership  103     .00           73.00           6.17         11.05 3.87 

Firm age 121    0           34           7.88           6.92 1.47 

Industry 128    0             1             .68             .47 -.78 

Year 2003 128    0             1             .24             .43 1.22 

Year 2004 128    0             1             .51             .50 -.03 

 

It will be noted that three variables were extremely skewed: R&D/total sales, R&D/total assets, 

and number of employees.  To reduce skewness, these three variables were converted into their 

natural logarithm equivalents, and these logged variables were used in all of the models.  It will 

also be noted that three variables have significant amounts of missing data: TMT average 

education, TMT average compensation, and TMT firm ownership.  Roth (1994) suggests that the 

regression method is most appropriate when there is a large amount of missing data.  This 

involves calculating the regression model that best predicts the variable containing missing data, 

then using the unstandardized coefficients from this model to generate a predicted score, which 
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is substituted for the missing value.  This was done for TMT education, compensation and share 

ownership.  The mean substitution method was used to deal with missing data for the other 

variables. Correlation results are provided in Table 3.
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Table 2.3. 
Correlations 

 

  VARIABLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1.  R&D/Total sales 1              

2.  R&D/Total sales (log) .564** 1             

3.  R&D/Total assets .015 .327** 1            

4.  R&D/Total assets (log) .173 .680** .509** 1           

5. TMT average age .137 .161 -.116 .059 1          

6. TMT average education .176 .466** .249* .347** .290** 1         

7.  Founder percent -.010 -.035 -.080 -.112 -.292** .111 1        

8.  Employees (log)  .069 .006 -.030 .249** .163 .164 -.177 1       

9.  Foreign sales -.112 -.145 -.045 .105 .098 -.006 -.119 .350** 1      

10. Average compensation .100 .085 -.133 .148 .252* .169 .068 .599** .107 1     

11. Firm ownership -.090 -.209* -.041 -.294** -.197* -.181 .118 -.234* -.155 -.244* 1    

12. Firm age -.061 -.145 -.062 .025 .234* -.021 -.155 .459** .107 .249* -.115 1   

13. Industry -.294** -.571** -.253** -.323** -.274** -.494** .029 .123 .277** -.159 .064 .110 1  

14. Year 2003 -.074 -.019 -.074 -.128 -.054 -.074 .049 -.201* -.038 -.131 .068 -.129 -.003 1 

15. Year 2004 .149 .028 -.023 .055 .032 -.038 -.017 .163 -.004 .160 -.016 .096 -.006 -.574** 

 
*p<.05; **<.01 
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Table 2.4. 
Regression analysis of TMT Characteristics and R&D Intensity 

 
REGRESSION ESTIMATES 

Dependent Variable=R&D Intensity (N=128); STANDARDIZED COEFFICIENTS 

Standardized Coefficients 

 Research and development/Total sales (log) Research and development/Total assets (log) 

INDEPENDENT VARIABLES 

 A B C D E F G H I J 

TMT average age  -.031  .032  .012 -.026*  -.165* -.056 -.211* -.168* 

TMT education   .214**  .368  .221**  .233   .165*  .426  .157  .152 

TMT founder percent   -.031 -.028  .345  .064  -.086 -.079 -.483 -.149 

Age*Education   -.183     -.312    

Founder percent*age    -.373      .393  

Founder percent *Education     -.102      .067 

CONTROL VARIABLES 

Log of employees  .179*  .138  .136  .144  .135*  .293**  .239**  .235*  .232*  .241** 

Foreign Sales -.043 -.052 -.046 -.055 -.055  .097  .105  .115  .107  .106 

TMT average compensation -.122 -.105 -.108 -.104 -.102 -.134 -.088 -.092 -.089 -.090 

TMT firm ownership  -.172** -.151* -.150* -.148* -.153** -.201** -.193** -.192** -.196** -.192** 

Firm age -.142* -.122 -.119 -.123 -.123 -.066 -.027 -.022 -.026 -.026 

Industry (pharmaceuticals)  .569***  .460***  .461***  .459***  .455**  .381***  .332***  .334***  .333***  .335*** 

Year 2003  .008  .033  .334  .021  .342 -.093 -.075 -.080 -.062 -.037 

Year 2004  .030  .051  .575  .051  .566 -.023 -.009 -.009 -.010  .009 

Adjusted R squared  .335  .350  .344  .349  .345  .192  .205  .200  .204  .199 

F statistic 8.982 7.204 6.560 6.671 6.564 4.776 3.981 3.643 3.711 3.623 

Incremental F Statistic  .376  .406  .406  .410  .407  .243  .274  .275  .279  .274 
  *p<.10; **p<.05; ***<.01 
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Table 4 displays results of the regression analyses.  For each dependent variable there are five 

models, one with only control variables, one with the three predictor variables, and one each for 

the interaction effects.  It was decided to enter the interaction terms separately, rather than all 

together, given the relatively small sample size.  It was felt that this would improve the ability to 

interpret the direction of the coefficient reported for each interaction.  Significance levels of .10 

were reported, though caution needs to be exercised in interpreting such results.  While this is 

less restrictive than the usual .05 level, given the relatively small sample size and large number 

of control variables, it was considered important to note coefficients at this level of significance, 

since they might be found to be significant at more restrictive levels in studies with greater 

numbers of cases.  

 

The eight control variables account for a large proportion of the variance in both R&D as a 

percent of sales and R&D as a percent of assets (models A and F in Table 4).  By far the largest 

predictor is industry, where pharmaceutical industry is coded as 1.  These results indicate that 

firms in the pharmaceutical industry spend a far greater proportion of their resources on research 

and development than those in computer software.  Firm ownership also has a significant 

negative effect on both indicators of R&D intensity.  TMTs with high levels of firm ownership 

invest a lower proportion of resources in research and development, maybe due to interest in 

keeping as much as possible of their capital liquid. 

 

Hypothesis one proposed that average age would have a negative effect on R&D intensity.  The 

result for R&D/sales is clearly non-significant.  However, age has a modest negative effect on 

R&D/assets (beta = -.165), significant at the .10 level.  Hypothesis 1 is thus not confirmed with 

R&D/sales but with R&D/assets it is weakly confirmed.  Hypothesis two stated that average 
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education would increase R&D intensity.  This is confirmed for R&D sales, where the beta 

coefficient of .214 is significant at the .05 level.  It is also weakly confirmed for R&D assets, 

with a beta coefficient of .165, which is significant at the .10 level.  Hypotheses 3 suggested that 

degree of founder presence in the TMT would positively impact R&D intensity.  Results from 

Table 4 show that these hypotheses are not confirmed even at the .10 level of significance. 

 

Hypothesis four proposes that the effect of education on R&D intensity will be less among older 

TMTs.  To test this an interaction term was created which is the product of TMT average age and 

TMT average education.  This interaction term is not found to be significant either for R&D as a 

percent of sales or for R&D as a percent of assets (see models C and H in Table 4).  However, 

both coefficients are negative, suggesting that education does have a smaller effect in firms with 

older top management teams.  It seemed useful to investigate this further by breaking down the 

sample at the median into younger and older subsamples (two firms did not report age and thus 

were excluded).   

 

Results presented in Table 5 are revealing.  In the younger subsample, average education is 

found to have a .389 effect on R&D as a percent of sales, significant at the .001 level, while the 

effect is only a non-significant .127 in the older subsample.  Results are similar for R&D as a 

percent of assets: the coefficient is .291 (significant at the .10 level) among younger TMTs but 

only .132 among older TMTs.  Thus while the interaction effects were not statistically 

significant, these results give limited support to hypothesis four: the effect of education on R&D 

intensity is less among older TMTs.  

 

Hypothesis five proposed that the effect of average TMT age would be smaller among teams 

with a higher proportion of founders.   Results in models D and I of Table 4 show that neither of 
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these coefficients is statistically significant.  However, it seemed useful to investigate the actual 

regression slopes in subsamples based on founder presence.  One subsample consists of the 78 

firms that have no founders in their TMT, while the other subsample consists of the 49 firms that 

have at least one founder.  

Table 2.5. 
 Regression analysis of Education and Founder Percent by age subsamples 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 

     

*p<.10; **p<.05; ***<.01 

One firm was omitted which did not report founder information.  Results in Table 6 (models A 

and B) indicate that average age has a -.268 effect on R&D as a percent of sales among firms 

 
REGRESSION ESTIMATES 

Dependent Variable=R&D Intensity (N=128) 
 

 
Research and 

development/Sales (log) 
Research and 

development/Assets (log) 

 
Model A 
Younger 

Model B 
Older 

Model C 
Younger 

Model D 
Older 

TMT education  .389***  .127  .291*  .132 

TMT founder percent  -.009 -.103 -.114 -.044 

Control Variables 

Employees (log)  .249  .068  .336  .290 

Foreign sales -.097 -.035  .113  .594 

Average Compensation -.082 -.159 -.113 -.425 

Firm ownership -.130 -.194 -.166 -1.582 

Firm age -.128 -.096 -.001  .131 

Industry (pharmaceuticals)  .328**  .519***  .223  2.058** 

Year 2003  .078 -.030 -.041 -.806 

Year 2004  .067 -.008  .032 -.663 

Adjusted R squared  .384  .286  .305  .052 

F Statistic 4.798 3.523 3.681 1.343 

Incremental F statistic  .485  .399  .419  .202 

 N    62   64   62   64 
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with founders in their TMTs, but only .133 in firms without founders.  This finding is the 

opposite of what was predicted.   The beta coefficients for R&D as a percent of assets are little 

different between non-founders and founders (models C and D in Table 6).   

 

Hypothesis six had predicted that the effect of education on R&D intensity would be less in firms 

with founder-dominated top management teams.  The interaction term of founder percent and 

average education is found to be small and insignificant for both R&D as a percent of sales and 

R&D as a percent of assets.  However, examination of regression slopes in non-founder and 

founder dominated firms (Table 6) indicates that the effect of education on R&D as a percent of 

sales is much greater in founder dominated firms, just the opposite of what was predicted.  For 

R&D as a percent of assets, the slopes are not very different. 
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Table 2.6. 
Regression analysis of Age and Education by Founder/non-founder subsamples 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         

*p<.10; **p<.05;  ***<.01 
 
Given the large direct effect of industry on both measures of R&D intensity, it seemed desirable 

to examine whether the regression slopes of the independent variables vary by industry.  To do 

so three interaction terms were created; industry times TMT age, industry times TMT education, 

and industry time founder percent.  Each of these interaction terms was entered into the basic 

REGRESSION ESTIMATES 
Dependent Variable=R&D Intensity 

 

 
Research and 

development/Sales (log) 
Research and 

development/Assets (log) 

 
Model A 

No founder 
Model B 
Founder 

Model C    
No founder 

Model D 
Founder 

TMT average age  .133 -.268 -.125 -.143 

TMT average education  .099  .366*  .113  .212 

Control variables 

Employees (log)  .235  .133  .305  .286 

Foreign sales -.056  .001  .070  .166 

Average compensation -.231 -.081 -.197 -.109 

Firm ownership -.122 -.187 -.205 -.192 

Firm age -.106 -.065 -.043  .038 

Industry (pharmaceuticals)  .621  .362  .415  .248 

Year 2003  .087 -.004 -.041 -.094 

Year 2004 .106  .068  .020  .004 

Adjusted R squared .408  .231 .163  .101 

F statistics 6.298 2.451 2.503 1.536 

Incremental F statistic .000  .023  .013  .164 

N  78   49   78   49 
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models predicting R&D/sales and R&D/assets.  Only one such interaction term was found to be 

significant at the .05 level: industry times (X) education as a predictor of R&D/assets.  To 

examine this further, the sample was broken down into industry subsamples.  TMT average 

education was found to have a .483 coefficient with R&D/assets in the pharmaceutical 

subsample, significant at the .01 level; but only a -.071 (and insignificant) coefficient in the 

software subsample.  It thus seems that the positive effect of education on R&D/assets is present 

only in the pharmaceutical industry.  In addition, an interaction term was created for industry 

times TMT share ownership, to determine whether using this as a control might alter results.  All 

of the models in Table 4 were recalculated with this interaction term added as a further control 

variable.  In none of the models do the test coefficients change appreciably, and none of the 

interaction terms is significant at the .05 level.  It is concluded that the industry/ownership 

interaction term has no effect on the results reported in Table 4. 

Discussion 

Much of the research on TMT characteristics has focused on large established firms.  This effort 

examines the effect of TMT characteristics on R&D intensity for entrepreneurial high technology 

firms.  No significant effect of TMT average age was found on R&D/sales, though it had a weak 

negative effect on R&D/assets, providing some support for the first hypothesis.  The 

measurement of R&D/assets is less skewed and this may account for the difference in results.  If 

the sample size was increased, it is possible that the coefficients for both measures would be 

significant. 

 

It was found that TMT education has a positive effect on R&D/sales that is significant at the .05 

level, and a positive effect on R&D/assets that is significant at the .10 level, thus confirming 



   26  

hypothesis two.  This finding is consistent with the important role of education in high 

technology firms.  Formal education aids managers to recognize the value of R&D in generating 

innovation and thus leads them to allocate greater resources for it. 

 

The presence of founders in the TMT, especially in high technological firms, has been found to 

have significant positive outcomes on factors such as sales, and growth (Kor, 2003).  Founders 

are thought to embody innovation in the firm, thus leading to enhanced performance.  However, 

this study has found that founder percent of the TMT has no direct effects on either measure of 

R&D intensity.  It is possible that founders may still be in the firm but not in the TMT.  For 

instance, they might be in the crucial field of research and development.  Founders may be less 

effective as managers as the firm becomes larger and more complex.  At the point of IPO the 

firm may decide to hire professional managers and place them in the TMT, moving founders to 

other departments in the firm such as research and development.  Thus founders may still have 

an important role in promoting research and development, but not from a position in the TMT.  

Another possibility for the insignificant findings is that founders may reduce their commitment 

to R&D over time.  They may become too rigid and less willing to innovate and seek out other 

sources of information (Kor, 2003).  Thus founders may become no more likely than other TMT 

members to support R&D.  A third possibility is that founder-dominated TMTs may fall victim 

to groupthink.  Kor (2003) found that the positive effects of founders can be negated by too 

much shared experience, which could improve communication among team members but make it 

more difficult to communicate with outsiders.   This could reduce their knowledge of innovations 

in their field and decrease the value they place on experimentation and research.   Finally, only 
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an average of 14 percent of the total sample had founders present in the team which may also 

skew the results.   

 

Hypothesis four had suggested that education would have a less positive effect on R&D intensity 

among older TMTs than it did among younger ones.  While the interaction term was not 

statistically significant, analysis of subsamples revealed that education has a greater effect on 

both measures of R&D intensity among younger teams than it did among older teams.  

Presumably older TMT members have less absorptive capacity and are less innovative, even 

when they possess greater amounts of formal education.  The interaction effect of founder 

presence and TMT average age has no significant effect on either measure of R&D intensity, 

thus failing to confirm hypothesis five.  Moreover, an analysis of subsamples revealed that that 

average age has a larger negative effect on R&D/sales among TMTs containing founders than 

among TMTs without founders, just the opposite of what was predicted in hypothesis five.  

Furthermore, average education has a larger positive effect on R&D/sales among TMTs 

containing founders than in ones without founders, contrary to what was predicted in hypothesis 

six.  It had been proposed that the strong culture created by the existence of many founders in the 

TMT would overwhelm the effects of age and education on R&D intensity.  However, these 

results suggest just the opposite -- age and education develop even greater synergistic effects in 

TMTs containing founders, who have interacted over the whole history of the firm.  

Theoretical Implications 

This study develops several theoretical implications for the upper echelon theory.  This paper 

offers a more nuanced view of TMT theory by examining the under-researched sample of small 

high technology firms.  Based on the findings of this paper, it can be noted that TMT 
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characteristics do play a role in decision-making in small high technology firms as it does in 

large established firms.  However, while prior research has found that TMT age and education 

have a positive effect on performance (Mudambi and Treichel, 2005; Tihanyi et al. 2000), it was 

found that age does not have a significant relation but that education has a positive association 

with R&D intensity.  It can be safely proposed that education will be the most crucial TMT 

factor for entrepreneurial high technology firms in their initial stages of development.   

 

An interesting finding is the lack of effect of founder presence on R&D intensity.  There was an 

insignificant negative main effect of founder presence and a positive interaction effect with 

higher education.  This suggests that there is need for further research on founder effect 

examining the nuance of founder exit from TMT to other facets of the firm and how this affects 

R&D intensity.  Researchers need to be more careful in assuming that TMT founder presence has 

a positive effect.  This effort follows Kor (2003) in stating that some parts of founder effect can 

be negative and that the lack of founder effect may mean that the founders are in other capacities 

in the firm.  The findings on TMT founder presence are quite interesting as the results show that 

founders may not have the expected positive effects on a firm. 

 

The results focused on the event study of IPOs or high technology firms after the year 2000 

crash.  The study examined firms that managed to still exist.  This research article also increased 

IPO research in terms of TMT characteristics.  Prior research has examined legitimacy 

(Zimmerman and Zeitz, 2003), signaling (Certo, 2003), and TMT effect on IPO performance.  

TMT effect on R&D intensity was investigated, a process that for high technology firms leads to 

performance.   
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Extant research has posited TMT research findings investigating the end outcome of 

performance.  This approach is criticized as ignoring the process and actions that lead to 

performance.  The paper focuses on the process of R&D allocation as one the actions and 

decisions that affects firm outcome.  This paper enriches research on process TMT literature with 

findings that include similarities and contradictions to research on TMT effect on performance. 

 

This paper utilizes R&D expense/total assets as well as R&D/total sales to measure R&D 

intensity, both accepted methods (Kor, 2006).  The use of R&D expense/total assets provides the 

opportunity to examine high technology industries that have low or no sales and otherwise 

cannot be included in empirical samples.  In this study the use of R&D/total sales was the better 

model. 

Practical Implications 

Recent research shows that TMT characteristics affect firms.  This, research has practical 

implications for high technology firms.  The composition of the top team may play an important 

role in the success of high technology firms.  It was found that education is extremely influential 

in the level of R&D intensity and resulting firm innovation.  In hiring its top team, firms need to 

focus on highly educated individuals with relevant degrees.  Those with higher education than 

masters were positively associated with R&D intensity. 

 

This study was on the effect of TMT R&D intensity which fosters increased innovations and 

finally performance.  Managers and board of directors should focus on providing TMT members 

with increased education to ensure higher firm performance.  Such a requirement includes both 

founders and non-founders having the capability of higher education. 
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The findings create questions on the value of founders in the top team and leads to the concern 

that founders may be more valuable in other parts of the organization. For high technology firms, 

this research helps board of directors and TMT members, to re-evaluate their founders.  This 

research helps managers to better understand how TMT composition influences R&D intensity 

and innovation in the firm. 

Limitations and Future Research Directions 

The study design of this paper has several limitations.  First of all, the sample is from 2002-2004 

and thus may still be reflecting the effects of the year 2000 crash.  Secondly, the data sample for 

this paper used 128 companies and thus, the sample size is adequate but not a large one.  Future 

research can examine the same variables with a larger sample. Also the data are based on 

American companies; it will be interesting to see if the results hold with a cross-national study.  

The focus of this paper is solely on high technology firms, specifically software and 

pharmaceutical industries and only on four SIC codes, raising questions of generalizability.  

Continuing, the research examined R&D intensity as the dependent variable as the method for 

measuring innovation.  R&D intensity as a proxy for innovation is accepted, however exactly 

how often R&D intensity translates into profitable innovation was not examined.  Also, the 

findings are based on IPO period data, and thus the firms are small and may not be diversified.  

Thus, the findings cannot be generalized to diversified firms.  In addition, though accepted, the 

use of demographic factors for proxies of managerial behavior is critical and it may not fully 

reflect reality.  Further research can use interviews and surveys to examine TMT behavior and 

thought orientation.  In other analyses of the data, age had a range and a bell-shaped effect on 
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R&D intensity.  Increasing, the data size will help to further understand the bell-shape and the 

optimal age for a positive association with R&D intensity. 

 

Further research can examine the effect of TMT factors on R&D intensity over a time period.  

The composition of the TMT will change after IPO, and one can ask how this change in TMT 

composition affects R&D intensity.  Also further research can delve more into where the 

founders go after they leave the top team and a comparison made for those firms where founders 

leave the firm entirely, as against ones where the founders go back into the research and 

development division.   Some of these firms may still exist but be merged into large companies; 

it will be fascinating to examine the effects of TMT characteristics in these firms.  Future studies 

can probe more into TMT education as a variable and the nuances of TMT education as it affect 

R&D intensity for firms.  The research can be widened to include a greater variety of small high 

technology firms.  Future research can examine the firms studied in this paper, and see how they 

are currently allocating R&D and how their TMT composition has evolved.  Since a significant 

effect of industry of firm R&D intensity was noted in this paper, future research can examine the 

effect of industry as a dependent variable on R&D intensity. 
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CHAPTER 3 
COMBINING TMT CHARACTERISTICS WITH RESEARCH AND DEVELOPMENT 

INTENSITY FOR PATENT PERFORMANCE 
 
The foundation of a firm’s competitive advantage in the marketplace is its manipulation of 

available resources (Wernerfelt, 1984; Barney, 1991).  According to Barney and Arikan (2001); 

“Resources are defined as tangible and intangible assets that firms use to conceive of and 

implement their strategies” (p. 138).  To become the source of competitive advantage, such 

resources should be valuable, rare, inimitable, and non-substitutable, abbreviated as VRIN 

(Barney, 1991).  The effective and innovative management of resources has been shown to 

increase financial returns (Mahoney, 1995).    

 

An essential firm resource is the top management team (TMT) as it affects the expected 

performance of the organization (Hambrick and Mason, 1984).  The “top management team” 

encompasses the highest level of executives in the organization and includes the chief executive 

officer, chief operating officer, chief technical officer, chief information officer, legal counsel, 

chief financial officer and vice presidents.  The organization’s TMT has a vital influence on 

deciding the goals, strategy, capabilities and performance of an organization (Lyles and 

Schwenk, 1992).   

 

Small high technology entrepreneurial firms, in their initial stages of development, feature 

stronger influence from the TMT in achieving goals and creating paths, due to their size as well 

as their process of formation (Kor, 2003).  In small high technology firms, the ideas of the TMT 

members are transmitted easily through the firm.  Extant research has examined the effect of 

TMT characteristics on high-technology firm performance (Bantel and Jackson, 1989; 

Eisenhardt and Schoonhoven, 1990; Norburn and Birley, 1988) and entrepreneurial growth (Kor, 
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2003).  Given the effect of TMT characteristics on firm performance and the effect of R&D 

intensity on knowledge creation, it is imperative to understand the combined effects of TMT 

characteristics and R&D intensity on high-technology firm knowledge creation. 

 

TMT tacit knowledge is accepted as a central firm resource (Grant, 1996).  It is important to 

have knowledge which cannot be easily replicated, yielding a competitive advantage and 

improved performance (Grant, 1996).  Researchers have examined how tacit knowledge is 

created in an organization and how knowledge transfer can be facilitated (Cohen and Levinthal, 

1990; Nonaka, 1994).  Cohen and Levinthal (1990) found that R&D generates innovation.  

Consequently, this paper posits that tacit knowledge is important in facilitating R&D which, in 

turn, fosters innovations and valuable knowledge creation.    

 

The present study uses the resource-based view (RBV) to investigate the effects of TMT 

characteristics on knowledge creation beyond those attributable to R&D intensity.  The focus is 

on the tacit knowledge of the TMT members as it influences knowledge creation.  TMT 

characteristics such as age, education, tenure, and functional background are used as proxies by 

researchers in measuring TMT tacit knowledge and cognition (Hambrick and Mason, 1984; 

McMillan, Klavans, and Hamilton, 1995).  The article focuses on age, education, type of 

education, founder presence, and industry background.  It builds on prior research by Somaya et 

al. (2007), which established that TMT background affects knowledge creation in firms as 

measured by patent citations.  Somaya et al. (2007) found that the patent law knowledge of the 

TMT affects patent citation of the firm.  Prior research has focused on how TMT characteristics 

affect knowledge creation in large established firms (Somaya et al. 2007).  This study utilizes a 

 sample of small high-technology firms in their initial stages of development.  It includes firms at 
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the initial public offering (IPO) in the software and pharmaceutical industries. 

Age 

Age is a much studied demographic factor in TMT research (Carpenter, Geletkanycz, and 

Sanders, 2004).  Child (1974) established that younger managers have a positive influence on 

growth and change in organizations.  Noburn and Birley (1988) suggested that firms in growing 

industries have younger managers in the top team, in comparison to firms that are in declining 

industries.  It is expected that intelligence and the learning ability of humans decline with age 

(Carlsson and Karlsson, 1970), leading to the expectation that older top management team 

members are less effective than younger TMT members.  Older managers are believed to have a 

lower ability to grasp new ideas and learn new behavior (Greening and Johnson, 1996).  

Botwinick (1977) proposed that older managers have diminished reasoning and memory in 

comparison to younger managers.  A lower ability to grasp new ideas and learn new behavior 

precedes a deficiency in knowledge creation.  Hambrick and Mason (1984) proposed that teams 

with younger members will be likely to propose riskier strategies than older teams.  Older 

managers are more likely to support the status quo (Hambrick and Mason, 1984).   

 

Knowledge creation requires support, innovation and the ability to take risks.  Youth has been 

found to be important for innovativeness (Bantel and Jackson, 1989).    Smith, Guthrie, Chen and 

Gannon (1989) presented evidence that organizations displaying innovative traits such as 

‘prospector-like’ characteristics at their formation are typically managed by younger managers.  

Entrepreneurial firms face situations where they have to take risks and be innovative to develop 

new ideas.  Vroom and Pahl (1971) argued that younger managers were more likely to take risks 

than older managers.  Rosen and Jerdee (1976) also found evidence that older managers were 
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more likely to be risk averse and resistant to change.    

 

Older managers are more disinclined to engage in organizational changes (Bantel and Jackson 

1989; Weirsema and Bantel 1992).  In entrepreneurial organizations focusing on knowledge 

creation, reluctance to change is a negative factor.  Managers in these firms’ must be flexible and 

able to change as required.  Hambrick and Mason (1984) found that younger managers were 

more likely to seek additional information before they make their decisions and also more likely 

to examine information more carefully than older managers.  Information is an important 

precursor to decision-making, especially in situations of high uncertainty.  Older managers are 

more susceptible to information overload, in that they have some difficulty using the information 

gained to make accurate decisions (Taylor, 1975). 

 

High-technology entrepreneurial firms require risk taking and maintaining continuous product 

development (Deeds, 2001).  High-technology firms need to be flexible, foster R&D, and 

maintain a culture that promotes innovation.  Younger managers can be more energetic and more 

prone to risk taking, innovative actions, and information seeking.  The presence of younger 

managers makes firms more likely to generate new knowledge creation, especially that which 

leads to important breakthroughs.  Thus, it is hypothesized that: 

H1: When controlling for research and development intensity, a firm’s TMT average 

age is negatively related to knowledge creation in high-technology entrepreneurial 

firms. 
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Education 

Education Level 

The TMT’s educational background indicates his/her level of skills and values (Davidson, 

Worrell and Cheng, 1990).   Education level of top managers was found to be positively 

correlated with problem-solving ability and innovation (Kimberly and Evanisko, 1981).  

Finkelstein and Hambrick (1990) found that a higher level of education increased individual 

potential for innovation and knowledge creation.  Absorptive capacity plays a role in an 

individual’s knowledge, since absorptive capacity promotes new knowledge.  Education 

increases cognitive base and fosters absorptive capacity which supports knowledge creation.  A 

key foundation in absorptive capacity is prior knowledge and skill, which increases the ability to 

be more sensitive to new information which can be employed to create firm products and 

services (Cohen and Levinthal, 1990).  Such prior knowledge and skills are due to formal 

education.    

 

Formal education leads to improved knowledge structures and an increased ability for individual 

information processing (Smith, Collins and Clark, 2005).  As humans learn more, their 

knowledge increases and their expected knowledge use, cognition and decision-making 

improves.  Uncertainty is a constant factor that affects entrepreneurial firms.  Top managers with 

higher education levels typically have a greater ability to deal with ambiguity and a greater 

propensity to seek new opportunities (Boeker, 1977; Herrmann and Datta, 2005).  Thus better 

educated people are more capable of dealing with entrepreneurial ambiguity, and its associated 

risk for high-technology firms.   
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Employees with a higher level of education are more receptive to new ideas and changes in the 

organization.  Top managers with greater education are expected to be more receptive to new 

ideas and changes in the organization (Boeker, 1977).   Wiersema and Bantel (1992) argued that 

there was an openness to change amongst TMT members with a higher level of education.  They 

are also expected to be better at seeking new firm opportunities (Herrman and Datta, 2005); 

even, unsuccessful opportunities are learning experiences.  Smith et al. (2005) found that the 

years of education of TMT members are positively related to the individual knowledge creating 

capability.  They also established that TMT education level has a positive effect on the number 

of new firm products or services.  Thus it is hypothesized that: 

H2a: When controlling for R&D intensity, a firm’s TMT education level is positively 

related to knowledge creation in high-technology entrepreneurial firms 

Education Background 

Level of education is considered to be a way of measuring an individual’s human capital (Dimov 

and Shepherd, 2005).  Human capital involves knowledge specific to the organization and not 

easily transferable, which helps generate a competitive advantage (Barney 1991).  An MBA 

degree is specific human capital since its focus is directly tied to managerial skills.  Dimov and 

Shepherd (2005) found that specific human capital such as an MBA reduces the occurrence of 

bankruptcies.  Somaya et al. (2007) established that in-house patent law expertise of the TMT is 

positively associated with patent citation.  Gimeno, Folta, Cooper and Woo (1997) also found 

that specific human capital plays a role in performance and survival of businesses.  On the other 

hand, general TMT human capital deals with non-business related education; it is capital that 

does not relate specifically to being a top manager.  Dimov and Shepherd (2005) found that 
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general human capital increased the occurrence of bankruptcies (Dimov and Shepherd, 2005).   

However, general human capital, based on education in the sciences and humanities, was found 

to increase the likelihood of an IPO.  This could be due to the general knowledge leading to the 

ability to respond to and use new ideas to create products (Dimov and Shepherd, 2005).  We 

suggest that TMTs with education in the sciences or engineering are firm specific since they are 

related to the kinds of technologies involved in these industries.  Education of top managers in 

these fields has been found to be positively related to support for R&D (Scherer and Huh, 1995).   

Thus, it is argued here that the educational background of TMT members will affect propensity 

to generate relevant knowledge and to innovate.  For pharmaceutical and software backgrounds, 

having education in medical/pharmacy and computer/software fields respectively will spark 

interest in innovation and increase a firm’s knowledge creating capability.  The managers of 

entrepreneurial firms in high-technology industries need flexibility and the ability to promote 

innovativeness, developed through higher education.  The level, as well as the type of 

knowledge, increases firm specific knowledge and thus the future knowledge usage of TMT 

members.  Both factors affect knowledge creation and product innovation.  Thus, it is 

hypothesized that: 

H2b: When controlling for R&D intensity, a firm’s TMT member industry/firm related 

education is positively related to knowledge creation in high-technology 

entrepreneurial firms 

Founder Presence 

Top management teams sometime have members who were the original founders.  Such founders 

play a key role in imprinting the structure and culture of the organization (Chandler and Hanks, 
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1998; Nelson 2003). 2003). They are an asset that is intrinsic and not easily replicable.  The 

founders of an organization create the original organizational strategy and structure and their 

continuous presence promotes their maintenance (Nelson 2003).  Knowledge is noted as an 

important resource of an organization if it is effectively managed (Grant, 1996).  Grant’s (1996) 

and Kor (2003) suggested that founders’ knowledge is especially valuable.  Firm specific 

experience has been found to be related to sales growth (Kor, Nonaka (1994).  Founders have 

historical, firm-specific and tacit knowledge which is valuable for the optimal allocation of the 

financial and human resources of the firm (Kor, 2003), seizing opportunities (Kor, Mahoney, and 

Michael 2007) and generating growth (Kor, 2003).  Founders continue to affect strategies (Kor, 

2003) and capabilities (Holbrook, Cohen, Hounshell, and Klepper, 2000) that can enhance 

innovation.  Companies without active founders in the TMT have difficulty in imitating founding 

members’ competency (Kor, 2003).  This founder intrinsic knowledge guides the high-

technology firm’s strategy.  In terms of a specific link between founder versus non-founder 

managed firms and performance of the firm the results seem to be inconsistent (Jayaraman, 

Khorana, Nelling and Covin, 2000).  For example, Jayaraman et al. found that founders have no 

main effect on stock returns but that firm age and firm size have a moderating effect on 

founders’ influence on firm performance. Thus, it is hypothesized that: 

H3: When controlling for R&D intensity, the proportion of founders in a firm’s TMT 

is positively related to knowledge creation in high-technology entrepreneurial firms 
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Industry Experience 

Founder  

The effect of the top management team having founders can also be impacted by founders’ prior 

industry experience (Kor, 2003).  Founders’ prior experiences follow the industry norms and 

practices (Geletkanycz and Black, 2001) or industry dominant logic (Prahalad and Bettis 1986).  

They guide the firm to expand based on their prior mistakes.  Founders with prior experience 

will have a more productive knowledge creating capability since they have seen more errors.  

They can more accurately and productively target the firm’s resources.  Thus, it is hypothesized 

that: 

H4a: When controlling for R&D intensity, founder industry experience in a firm’s 

TMT is positively related with knowledge creation in high-technology firms 

TMT Industry Experience 

The industry background of a top manager is posited to be influential based on TMT tenure and 

experience (Kor, 2003). An industry background consistent with organization needs increases the 

firm’s background knowledge and information.   A TMT member without previous experience 

lacks resources and networks useful to the firm and its learning curve.  This executive experience 

increases the culture of innovation and promotes knowledge creation.  Thus, it is hypothesized 

that  

H4b: When controlling for R&D intensity, a firm’s TMT industry experience is 

positively related with knowledge creation in high-technology firms 

Based on the hypotheses the following model is suggested.  Please note that a major control 

variable is R&D intensity due to its correlation to patent rate. 
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Figure 1 
 

Effect of TMT Characteristics on Patent Citations when Controlling for R&D Intensity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Methodology and Measurement 
 

Samples and Sources of data 
 
Information on the top management team was derived from SEC filings at the point of IPO of 

American software and pharmaceutical industry firms.  Before firms go public for the first time 

they are required to file information on their prior annual returns.  IPO data is utilized in this 

study as this captures an event that projects firm performance, and features significant TMT 

influence on the actions and performance of a firm.  The firm’s prospectus contains information 
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on each TMT member.  The sample was on software and pharmaceutical firms that had their IPO 

between the years of 2002 and 2004 focusing on the SIC codes; 7371, 7372, 2834, 5045 based on 

the Edgar database listings.  Substantial data were obtained for 128 firms out of the initial 162 

firms with IPO between years 2002-2004 in the two categories examined, representing 80% of 

the population as noted on Edgar.  The full list of 162 companies was not used since some firms 

did not have adequate data.  A listing and detailed description of the variables is available in 

Table 1. 
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Table 3.1. 
Variables Definitions  

 

VARIABLE DESCRIPTION 

DEPENDENT VARIABLE  

Patent citations 
The number of forward citation of each patent filed by the firm from the point of IPO 
down to June 2008 (numeral) 

INDEPENDENT VARIABLES  

TMT average age The mean of the average ages of the TMT members for each firm (numeral) 

TMT education level 
0 as high school, 1 as some college, 2 as Bachelor’s degree, 3 as Master’s degree, 4 as 
Juris Doctor, 5 as combination of advanced degrees and 6 as Doctorate.  An average was 
then compiled(numeral) 

TMT education 
background 

1= no advanced education background, 2 = education was not specific to job description 
and 3 = it was specific to job description An average was then compiled(numeral) 
A percentage was created based on how many TMT members in each team had firm 
related education in comparison to other members of the firm (percentage) 

TMT founder presence 
The number of people on each TMT team that are founders divided by the total numbers 
of members of each team (percentage) 

TMT founder industry 
Experience 

0=no information provided 1= there was no industry experience at all, 2 = there was 
industry experience though not specific to job role and 3 = the industry experience was 
important to job requirements (numeral) 

TMT industry experience 

1 = there was no industry experience at all, 2 = there was industry experience though not 
specific to job role and 3 =  the industry experience was important to job requirements 
(numeral) 
A percentage was created based on how many TMT members in each team had firm 
related industry experience in comparison to other members of the firm (percentage) 

CONTROL VARIABLES  

R&D intensity Research and development expense/Total firm assets (percentage) 

Firm size The logarithm of total number of employees (percentage) 

Foreign sales The firm’s foreign sales/firm total sales (percentage) 

TMT average 
compensation 

TMT members’ average compensation per firm (numeral) 

TMT firm ownership TMT members’ average equity ownership per firm (percentage) 

Firm age Age of the firm at the point of IPO counting back to conception year (numeral) 

Industry  Software coded as 0, pharmaceuticals coded as 1 (numeral) 

Year of IPO 
Firms with IPO in 2002 are coded as 1, IPO in 2003 coded as 2, and IPO in 2004 coded as 
3 
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Dependent Variables 

The dependent variable in this study was knowledge creation.  This was measured by the 

frequency of U.S. patent citations which is an innovation indicator (Frost, 2001).  To protect 

knowledge creation, firms acquire patents on their intellectual property to shield the firm’s 

innovation.  According to Rivette and Kline, (2000) “More companies are learning to exploit 

patents as potent competitive weapons and as a source of unexpected revenue” (p.54).  Patents 

are a progeny of innovations, and are considered to be manifestations of a firm’s ideas, 

techniques and products (DeCarolis and Deeds, 1999).   Firm patent rates are escalating due to 

increased innovative activity (Kortum and Lerner, 1999) based on increased R&D investments, 

and the strengthening of patent protection (Hall and Ziedonis, 2001).  It is suggested however, 

that calculating the raw number of patents does not show a clear picture of innovativeness, 

whereas patent citations will show a clearer measure of a firm’s innovation success (Griliches, 

1990).  Accordingly, the effect of TMT characteristics on patent citations rather than patents 

rates is assessed.  Patent rates measure inventive output but not its quality (Griliches, 1990).  

Patent citations give a better picture of technical and scientific progress (Griliches, 1990).  

Counting from the point of IPO for each firm, the number of citations is tabulated based on the 

patents that the firm had until June 2008. 

Independent Variables 

The independent variables investigated were the age of the top management team, education 

level, education background, founder effect, founder industry experience, and industry 

experience of TMT members.  The TMT, in this case, consists of what is categorized as the 

executive team in the prospectus of the firms according to the Edgar database.   
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Age 

Based on the study by Goll and Rasheed, (2005), TMT average age in research was calculated as 

the average of the ages of the TMT members of each firm at the time of IPO. 

Education 

Education Level 

Education level was measured on a scale with 0 as high school, 1 as some college, 2 as 

Bachelor’s degree, 3 as Master’s degree, 4 as Juris Doctor, 5 as a combination of Masters and JD 

and 6 as doctorate. Professional certifications was tabulated as 3 as it usually is earned 

simultaneously with or after a Bachelor’s degree.   For each team the average of education level 

was calculated. 

Education Background 

Education background was based on type of advanced education; that is above bachelor’s degree 

education the TMT member has.  If the education background information was not provided, the 

TMT member was coded as 0; if there was information provided but TMT member has no 

advanced education, it was coded as 1; if the advanced education was unrelated, a code of 2 was 

given; and if the advanced education was related the TMT member is given a code of 3.  The 

average of this for each team was calculated.  Education background was also calculated as a 

percentage; based on the number of TMT members that had related education background in 

comparison to the rest of the members on each TMT.  In calculating education background as a 

percentage, for some firms, there was missing data and this was taken into account by making 

sure all firms in analyzed sample had at least 25% of the data available.  Any firm in the sample 

has 75% or else of missing data in calculating the percentage of education background.  
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Founder Proportion 

Founder proportion was tabulated as the percentage of founders among the total number of TMT 

members for each firm. 

Industry Experience 

Founder industry experience was coded as 0 if there was no information provided, 1 if there was 

no industry experience at all, 2 if there was industry experience though not specific to job role 

and 3 if the industry experience was important to job requirements.  For the purpose of the 

regression analysis, firms coded 0 were excluded as these were firms with missing data.   

Founder experience was only measured for the teams that have at least one founder in the TMT.  

For each team with founders, average founder industry experience was calculated.   

TMT Industry Experience 

For all the TMT members, TMT industry experience was coded as 0 if there was no information 

provided, 1 if there was no industry experience at all, 2 if there was industry experience though 

not specific to job role and 3 if the industry experience was important to job requirements.  For 

each team, average TMT industry experience was calculated.  A percentage of TMT members 

with industry related background in comparison to other members of the TMT was also 

calculated. 

Control Variables 

The control variables in this study were research and development intensity, firm size, foreign 

sales, TMT average compensation, firm ownership, firm age, industry effect and year of IPO.  

The main control variable in this study was research and development intensity calculated by 

R&D expenses as a percent of total assets and by R&D expenses as a percent of total sales.  
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R&D intensity is highly related to patents and thus patent citations in small firms (Bound, 

Cummins, Griliches, Hall and Jaffe, 1984).  To understand the true TMT effects, R&D intensity 

was controlled for.   

 

Firm size was measured by the logarithm of employees of the company since this affects firm 

performance; it should have an effect on patent citation.  Foreign sales was also a possible factor 

that may affect firm performance (Carpenter, Sanders and Gregersen, 2001) and, thus, this was 

controlled for using the ratio of foreign sales compared to total sales.   The top management team 

average compensation level was controlled for, since this may affect the corporation’s 

performance level.  TMT average compensation was calculated as the average of the earnings of 

all the TMT members in the firm.  Firm ownership by the top management team was also 

controlled for, as the principal-agent effects may alter the decision making and performance of 

the firm.  Firm ownership was calculated as the average of the stock ownership of the TMT 

members of each firm.   

 

Another control factor was the firm’s age, since it is assumed that the knowledge resources of an 

older organization will be more than that of a younger one.  Older firms may possess more 

collective experience and perhaps better financial performance.  Age was calculated as the age of 

the firm at the point of IPO.  Finally industry effect and year of IPO were controlled for as 

factors that may have an influence on knowledge creation.  Industry effect was controlled for as 

having a possible effect on performance, and for this control variable a classification of 

companies into the two groups of software and pharmaceutical firms was created.  Industry 

effect is coded as 1 for software firms and 0 for pharmaceutical firms.   Firm IPO was tabulated 
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as 1 to 3 for going to IPO from 2002-2004, (e.g. firms that had IPO in 2002 were coded as 1, and 

those with IPO in 2003 were coded as 2).   

Data and Results 

Table 3.2. 
Descriptives 

 
 N Minimum Maximum Mean Std. Deviation Skewness 

Patent citation 126    1.00          412.00          10.57      41.01 7.98 

Patent citation (log) 126    -.69              6.02              .26        1.60 1.64 

TMT average age 127 28.00            56.67          45.81        5.99  -.51 

TMT education  level 128   2.00              6.00            3.36          .99   .93 

TMT education background 128     .00              3.00            1.98        1.02  -.87 

TMT founder presence 127     .00              1.00              .138          .23 1.98 

TMT founder industry 

experience 
127     .00              3.00              .98        1.33   .76 

TMT industry experience 127     .00              3.00            2.43          .84 -1.45 

R&D intensity (sales) 126     .00 4561300.00 135140.74        5.91  6.01 

R&D intensity (sales-log) 126     .00           15.33            4.25        4.18  1.10 

Total employees 120   1.00    15300.00        333.72 1493.97  8.89 

Firm size (log of 

employees) 
120     .00            9.64            3.77        1.98    .07 

Foreign sales 122     .00        100.00          11.10      23.10  2.23 

TMT average compensation 126     .00 899986.20 183617.17        1.42  1.63 

TMT firm ownership 123     .00         73.00           6.31      10.21  4.07 

Firm age 121    0         34          7.88        6.92  1.47 

Industry 128    0           1            .68          .47 -.78 

Year 2003 128    0           1            .24          .43  1.22 

Year 2004 128    0           1            .51          .502   -.03 
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Table 3.3. 
Correlations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*p<.05; **p<.01 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. Patent citation 1.000                

2. TMT average age -.032 1.000               

3. TMT advanced education .165 .277**  1.000              

4. TMT education background .161 .119 .488**  1.000             

5. TMT founder percent .091 -.292**  .094 .205* 1.000            

6. TMT industry background .105 .138 .210* .435**  .026 1.000           

7. R&D/assets .076 .069 .315**  .238* -.116 .129 1.000          

8. R&D/sales .014 .162 .466**  .373**  -.039 .224* .683**  1.000         

9. Employee log .116 .163 .091 .126 -.177 .063 .253**  .006 1.000        

10. Foreign Sales .029 .098 -.038 -.010 -.119 -.129 .106 -.148 .350**  1.000       

11. TMT compensation .121 .268**  .166 .293**  -.015 .117 .175 .073 .638**  .152 1.000      

12. TMT firm ownership -.045 -.215* -.173 -.220* .151 -.227* -.289**  -.197* -.260**  -.168 -.261**  1.000     

13. Firm age .037 .234* -.054 -.177 -.155 -.145 .035 -.143 .459**  .107 .325**  -.134 1.000    

14. Industry effect .005 -.274**  -.513**  -.401**  .029 -.206* -.316**  -.569**  .123 .277**  -.158 .073 .110 1.000   

15. Year 2003 -.075 -.054 -.082 -.038 .049 -.051 -.131 -.020 -.201* -.038 -.175* .094 -.129 -.003 1.000  

16. Year 2004 -.092 .032 -.015 -.046 -.017 -.036 .069 .031 .163 -.004 .193* -.039 .096 -.006 -.574**  1.000 
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The firms with missing data on industry, or educational background, were excluded from the 

analysis.  Table 2 provides the descriptive statistics.  An interesting occurrence was the result of 

zero as the minimum value for firm size since the log of one employee is zero.   Correlation 

results of the variables are accessible in Table 3.  A regression analysis was employed to 

determine the effect of TMT variables on patent citation when controlling for R&D intensity, 

specifically SPSS 15.0.  This data did not have substantial missing data and mean substitution 

was not needed.  The dependent variable of patent citation and the control variable of firm 

employees were skewed and thus the log was calculated.  The regression model in Table 4 

showcases a model with just the control variables followed by one with the independent and 

control variables.   

 

An attempt was made to test the model with the log of patent citation since patent citation had a 

skewness of 7.98.  The model did not benefit from the utilization of log of patent citation so the 

data utilized the natural number of patent citations instead.  The regression estimates for the 

model after controlling for foreign sales, firm ownership, firm age, year of IPO and industry, are 

presented in Table 4.  The results show the results with R&D intensity calculated as R&D/sales 

and as R&D/assets.  There was not much difference between the results for each measure.   To 

measure the effect of the variables on patent citation a percentage of education and industry 

background was created.  As seen in Table 4, TMT average age has no significant effect on 

patent citation which means that hypothesis 1 was not supported.    
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Hypothesis 2a argued that higher education has a positive association with patent citation and 

this hypothesis was supported at the .10 level.  TMT members’ educational achievement had a 

negative effect at the .01 level on patent citation contradicting hypothesis 2b.  Hypothesis 3 

argued that there was a positive effect of founder presence on firm patent citation.  The 

regression analysis found no support for this hypothesis.  Hypothesis 4 posited a positive 

influence of TMT industry experience on patent citation but found no significant effect.  Looking 

at the control variables, only year 2004 has a significant negative effect on patent citation; the 

other variables had no effect.   
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Table 3.4. 

Regression Analysis of TMT characteristics on Patent Citation 
 

*p<.10, **p<.05, ***<.01 
 In the final table, I will use A, B, etc for the column headings but right now, I am just showing as much detail as 
possible. 
 

 

REGRESSIONS ESTIMATES 
Dependent Variables=Patent Citation (N=128) 

Standardized Coefficients 
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Full 
model 
(R&D
/asset

s) 

Full 
model 
(R&D
/sales) 

Full 
model 

INDEPENDENT VARIABLES 

TMT average age     -.095 -.091 -.096 -.087 
TMT advanced education     .207* .202* .211* .210* 
TMT education background     -.071 -.071 -.069 -.065 
TMT founder presence     .066 .069 .065 .069 
TMT industry background     .094 .093 .094 .095 
CONTROL VARIABLES 
R&D/assets   .052 .064  .030  -.068 
R&D/sales  .022  -.021   -.020 .068 
Employee log   .063 .059 .048 .048 .031 .024 .034 .024 
Foreign Sales -.018 -.017 -.023 -.025 .006 .003 .005 -.005 
TMT compensation .105 .107 .112 .110 .121 .124 .119 .118 
TMT firm ownership -.003 .001 .008 .006 .009 .014 .006 .012 
Firm age -.022 -.019 -.019 -.021 .025 .026 .023 .020 
Industry effect .019 .032 .039 .031 .084 .094 .075 .076 
Year 2003 -.172 -.172 -.167 -.166 -.147 -.145 -.146 -.140 
Year 2004 -.218* -.219* -.217* -.216* -.197* -.198* -.196* -.194* 
Adjusted R squared -.012 -.021 -.019 -.027 -.007 -.015 -.016 -.022 
F statistic .807 .716 .741 .663 .931 .864 .860 .814 
Incremental F Statistic .598 .694 .671 .756 .523 .599 .604 .660 
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Discussion 

Extant research has examined the effect of TMT characteristics on firm performance, rather than 

TMT characteristics effect on the processes that lead to firm performance.  This study enhances 

extant research by investigating the effect of TMT characteristics on knowledge creation for 

high-technology firms.  The data used firm patent citation from the IPO date to June 2008 as a 

proxy for knowledge creation in high-technology firms.  No effect of TMT average age on firm 

patent citation was found, possibly due to the fact that average age had a mean of 45.81 with a 

variation of 5.99 (see table 2).  This limited variation of TMT average age may have reduced the 

effect of this variable; in the data sample TMT average age was so similar; that the firms can be 

considered to be roughly equivalent.   

 

The study also found that TMT education level has a significant positive effect on patent citation, 

which highlights the effect of education in knowledge creation.  Job related TMT education 

showed no significant effect on patent citation though the relationship was negative.  This 

finding suggests that theoretical knowledge may not equal applied knowledge.  TMT members 

with highly job related education have the required ability but the value of this education will not 

be realized until it is put into application.  Industry experience was found to be positively though 

insignificantly related to patent citations which contribute to the suggestion that, learning is more 

valuable when it is actually put into application.  It is speculated that the knowledge that the 

TMT members have does not have significant effect on patent citation creation if the knowledge 

is not practiced.  Without practice instinct is not developed, and there is no trial and error on 

what is a marketable or feasible innovation.  
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The results show that TMT founder presence does not play much of a role on the decision 

making on firm patent citations.  This outcome counteracts all expectations of firm founders’ 

effect.  The prior belief was that in small high-technology firms, founders are very important 

(Kor, 2003).  This non-finding is quite significant in TMT research.  This paper posits that 

founder presence has no effect on firm patent citation since the founder is more important in 

other facets of the firm.  These founders need to be more focused on application of their 

knowledge rather than on managing the firm.  Further analysis of the job descriptions of 

managers in successful entrepreneurial firms might depict positions in areas of innovation. 

 

It was found that experience of the TMT, inclusive of founders and non-founders is positively 

though not significantly related to firm patent citation.  Having prior experience increases a TMT 

member’s ability to innovate and know when to invest in innovation.  They will also have an 

instinct, based on prior industry experience, which forms of innovation generate positive firm 

returns.  Having prior industry experience increases TMT member knowledge about the patent 

process, the protocols needed.  These TMT members also will have important social networks 

and suppliers knowledge, that will be important in marketing the knowledge created. 

 

It was interesting that the firm age does not seem to have an effect on patent citation.  This result 

could represent a lack of resources in general for software and pharmaceutical firms.  Age is not 

an issue; at the point of IPO these firms are all similar.  Firm ownership and TMT average 

compensation also do not have a significant effect on patent citation.  The equity or 

compensation a TMT member has in the firm may not be a form of incentive for small firms 

such as in this study.  The issue of agency theory will not arise as yet.  The size of the firm, as 
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measured by the log of employees does not have a significant effect.  Once again, these firms are 

similar in resources independent of size.    Foreign sales do not affect patent citation, possibly 

since most firms in the data do not have high levels of foreign sales.  The level of globalization 

of the firm does not affect patent citation.  These firms were just at the point of IPO and most are 

not global yet, leading to the lack of significant results. 

 

Firm age as a control factor has no effect on the patent citation, showing no strong correlation.  

TMT firm ownership and TMT average compensation do not influence the decisions of the TMT 

in terms of patent citation and knowledge creation.  Firm foreign sales and firm size do not have 

significant effect on the firm patent citation.  The year of IPO was controlled for and year 2004 

had a strong negative correlation to patent citation.  This may be showing the attenuation of 

knowledge base created prior to year 2000; the farther away the year from year 2000, the 

lessening of the trickledown effect of knowledge created and harnessed before the year 2000 

crash.  R&D intensity was controlled for with no significant effect which leads researchers to 

state more conclusively that there are other factors outside of R&D intensity that have a 

significant impact on patent citation; the premise for this paper. 

Theoretical Implications 

The motivation for this paper was an interest in what affects patent citation outside of the realm 

of R&D intensity.   It was found that TMT factors play a stronger role on patent citation than 

R&D intensity.  The theoretical implication is that strategy researchers need to do more research 

on how TMT factors can affect patent citation.  The findings contradicted expectations about 

education effect, leading to the proposition that education has to be utilized to be valuable; 
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learning in a vacuum, without sequential application, will lower one’s ability of knowledge 

creation.  A more nuanced study that investigates the effect on patent citation when job-related 

education is embarked upon concurrently with application will be helpful.  This paper 

investigated experience of TMT members and founders in TMT showing that industry 

experience affects patent citation.  It is proposed that this is a significant finding because even 

though researchers assess founder and TMT effects, they rarely review the effects of their 

industry experience.  This model showed that related experience is more significant than 

unrelated experience.   This study examined useful prior experience and enriched extant research 

on TMT characteristics.   

 

A lack of founder presence effect on patent citation was found.  Research states that founders are 

valuable in the firm.  The conjecture is that founders are very valuable in the firm but that this 

may not be always, especially for a firm just at the point of IPO; founders may be more valuable 

in other capacities after IPO.  In high-technology firms, founders who encompass the goals of the 

firm need to be applying their knowledge.  It is posited that more research needs to be done to 

see where founders actually are in a firm by the point of IPO.  Researchers might find that 

founders are in more hands-on roles.  In a sample of 128 firms, only 40% had founders in the top 

team.  This paper posits that founders are placed in positions where they are more valuable, but 

studies to investigate this position are needed. 

Practical Implications 

An overriding result was the value of education.  Managers of firms should try to increase their 

level of experience in the industry to increase their knowledge creation and the final outcome of 
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performance.  If education is increased, it may be only when experience is thereafter increased 

that the TMT member is capable of innovation production.  Otherwise, the value of education 

may not be fully realized and higher industry related education will have a negative impact on 

patent citation.  The finding is important for managers as it shows how knowledge creation can 

be enriched.  For practitioners trying to become founders, the findings illustrate that, to become 

owners of highly successful firms with patent citations, founders should try to increase their 

industry related experience, and should be willing to step down into more innovation-centered 

sections of the firm. 

 

This paper raised questions about founders.  It seems that founders should be given the freedom 

to explore and utilize their knowledge by staying in more research intensive parts of the firm.  

The use of founders with experience in alliance with TMT with experience, will increase patent 

citation. 

Limitations and Future Research 

The study has some limitations. Firstly, the data sample for this paper used 128 companies and 

thus the sample size is adequate but not that large.  Secondly, the focus is on high-technology 

firms leading to a question of generalizability to other types of firms.  The data were collected 

from 2002-2004 and thus may face time period effects.  The dependent variable patent citation, 

was examined, which is a more valuable measure than citation rate.  However, the patent citation 

was tabulated from the IPO date based on Derwent database.  It might be more valuable to see if 

there is a lag effect of sometime after IPO and also to do a longitudinal study to see the effect of 

TMT characteristics on patent citation from year to year.  The use of patent citation was 
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highlighted, it must be recognized as a proxy, since one cannot measure knowledge creation 

itself.    

 

The study showed a significant value of industry experience, and it will be interesting to increase 

the sample size and see if industry experience is still significant.  Also, research can be done on 

the co-alignment of knowledge and application, to see how this factor affects patent citation.  

Future research can examine how factors outside of the firm, such as an alliance with a 

university, affects patent citations of the firm.  Finally, the paper measured the importance of 

three variables on patent citation; future research can measure the effect such factors as social 

networks and risk averseness have on TMT decision-making on knowledge creation. 
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CHAPTER 4 
A REVIEW OF EXTERNAL SOCIAL RESOURCES THAT AFFECT FIRM PATENT 

PERFORMANCE 
 
According to Barney and Arikan (2002. 138), “A resource is defined as tangible and intangible 

assets that firms use to conceive of and implement their strategies”.  Under the resource-based 

view of the firm it is assumed that firms have different resources that will affect their 

performance (Barney, 1991). The main position of the resource-based view is that firm 

performance is based on internal and external resources of the firm (Barney and Arikan, 2002).   

Antecedents of firm performance include manipulation of resources to create innovations. Prior 

research has examined the effect of firm internal (Somaya et al. 2007) and external resources on 

innovation (Bogner and Bansal, 2003).  Investigation of outside resources has focused on 

external resources in terms of knowledge (Bogner and Bansal, 2003).  This chapter of the 

research explores the effect of knowledge, funding and geographic location on innovation.  It is 

proposed that externally derived knowledge, along with other factors, increases firm internal 

innovation. 

 

Some high technology firms do not have sufficient capital, though they have ideas.  Getting 

funding from large established firms and from the government will enable small, high-

technology firms to create new knowledge and innovation.  Large established firms and the 

government will also gain returns for example through recognition for the innovation derived by 

the small high technology firm. 

 

High technology firms need new forms of knowledge on a continuous basis, yet there is a limit to 

the internal supply of knowledge that a firm has at its disposal.  Knowledge outside of the firm is 

boundless and extra-organizational knowledge increases innovation (Miller, Fern and Cardinal, 
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2007).  External sources of knowledge based on a firm’s locations and networks in the business 

environment, increases the potential of acquiring new knowledge.  This new, valuable 

knowledge precedes firm innovation.   

 

Based on findings that outside resources are positively associated with innovation, this chapter 

assesses the influence of outside sources of knowledge such as universities, government aid, 

alliances with large organizations, geographic clusters, and BOD impact on firm knowledge 

creation.  

Universities 

Partnering involves interactions to create knowledge (Fey and Birkinshaw, 2005).  An example 

is that research linkages with universities may be a knowledge source (Bailetti and Callahan, 

1992; Conway, 1995).  Partnerships lead to increased knowledge inflow and outflow, and 

specifically, university partnerships increase firm R&D performance (Fey and Birkinshaw, 

2005).  This chapter thus proposes that partnering with universities increases innovation based on 

an increased R&D performance.  The university-firm partnership means that the firm will aid in 

focusing research on beneficial innovations aligned with the firm’s business interests.  The 

information remains private and universities are open in sharing information (Fey and 

Birkinshaw, 2005), leading to an increase in the pool of knowledge accessible to the firm. 

 

Prior research shows that collaboration of firm and university scientists generates innovation 

(Zucker, Darby, and Armstrong, 2002).  Universities are also changing their focus to research 

that can increase commercialized innovation specifically through licensing (Shane, 2004).  

Universities do not have the resources to make the products of their research commercial and 

will value the investments and expertise of private firms to increase potential returns.  It is 
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important for firms to work with universities to gain knowledge and concentrate their knowledge 

to achieve innovation.  To ensure innovative activity with a university, a prior relationship is 

important (Harmon, Ardishvili, Cardozo, Elder, Leuthold, Parshall, Raghian and Smith, 1997).  

Thus, it is hypothesized that  

H1: Partnerships with universities are positively associated with higher innovative activity in 

high technology firms.  

Government 

In the face of uncertainty in emerging economies, ties with governments increase firm 

performance (Peng and Luo, 2000).  Ties with the government have several benefits including 

counteracting the lack of regulations and institutionalization, reducing entry barriers for firms 

entering emerging economies (Peng and Luo, 2000) and aiding high technology firms in the 

sense that governments have seemingly boundless resources and connections that may boost the 

firm’s innovation.  The government will also diminish the cost of uncertainty that high 

technology firms will face, as they will provide financial aid.  The backing of government will 

increase firm legitimacy and thus increase the potential network opportunities.  Governments 

also aid companies in a strategy to boost the entire economy.  The United States has a funding 

program called the Small Business Innovation Research program for example; one of the firms in 

the data set received funding of $85,000 in a fellowship program (SEC filings of companies).  

Government funding creates innovations.  Thus, it is hypothesized that: 

H2: Partnership with government are positively associated with innovative activity in high 

technology firms. 
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Large Firm Partnership 

New ventures face resource constraints (Mudambi and Treichel, 2005), and high technology 

firms require significant funds or risk failure.  High technology firms are often formed by 

individuals with innovative ideas but a lack of funds.  Potential providers of funds are big 

organizations that partner with the new firms and help them develop their ideas, with 

arrangements in place for both firms to share any success.  The large firms get innovative 

breakthroughs and the small firm gets required funds.  Alliances also lead to an increase of 

potential resources for firms and knowledge that both parties can benefit from (Sammarra, & 

Biggierro, 2008).   The freedom of research combined with funds will increase the value of the 

innovation that takes place.  Thus, we hypothesize that: 

H3: The partnership of high technology firms with large established firms is positively 

associated with innovative activity. 

Distance from Geographic Clusters 

Silicon Valley is a frequently used example when geographic clusters are assessed.  Geographic 

clusters encompass firms in the same industry or related industries located in the same 

geographic area.  Geographic clusters seem to ensure quicker access to well qualified personnel 

and increased chance of scientific research which will increase firm knowledge creation 

(Fleming, King and Juda, 2007).  Firms in geographical clusters have been found to get higher 

returns than those out of geographical clusters (Hill and Naroff, 1984).   There is expected 

increased value added per worker and greater funds for initial public offering (IPO) (DeCarolis 

and Deeds, 1999) for firms in geographic clusters.   
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The advantages of geographical clusters include increased knowledge spill-over and 

collaborations among firms.  Collaboration amongst local partners is more likely to be cited in 

patents than collaborations with a dispersed team (Gittelman, 2007).  Consequently, it can be 

posited that being in geographic clusters leads to knowledge creation and innovation.  Thus it is 

hypothesized that: 

H4: Proximity to a related geographic cluster is positively associated with innovative activity of 

high technology firms.  

Board of Directors 

Resource dependence theory states that firms can get resources from their boards of directors 

(BOD) (Wernerfelt, 1984).  Directors can supply resources that aid in firm survival and success 

(Kor and Misangyi, 2008).  The BOD provides the firm with advice and counsel, legitimacy, 

channels of communication for information, and preferential access to commitments and outside 

support (Salancik and Pfeffer, 1978) and aids in diffusion of innovation (Haunschild and 

Beckman, 1998).  The BOD is viewed as external in the sense that it is not a part of the daily 

firm operations.   

 

The board of directors (BOD) may aid the firm in decision-making such as resource allocation.   

Also. the background of the BOD can give technical insight, which increases the knowledge 

available to the firm.  The BOD’s social networks provide the firm with resources and funnel 

research and development into valuable innovative arenas. BODs with appropriate knowledge, 

based on experience in the specific industry are endowed with advising skills that increase firm 

performance (Kroll, Walters and Wright 2008).   The advice and counsel of directors, based on 



 64 
 

their experience, has a positive influence on entrepreneurial firm performance (Kor and 

Misangyi, 2008).  Thus, it is hypothesized that: 

H5a: BOD members’ background in firm-related fields is positively associated with innovative 

activity in high technology firms. 

 

The BOD background is projected to have a direct effect and interacting effect on innovation.  

BOD background influences the reaction of the government, universities, and organizations in 

aiding the firm as a source of knowledge.  BOD contributions may also motivate others to aid the 

firm.  The BOD’s social networks can increase the potential links to universities and 

governments as sources of knowledge.  The background and BOD networks increase trust in the 

firm’s relationships with outside sources.  BOD industry experience increases links with industry 

players, creates new relationships and establishes access to resource networks (Hillman and 

Dalziel, 2003; Kor and Misangyi, 2008).   Thus, it is proposed that BOD not only affects 

innovative activity but also impacts outside resources and correspondingly; 

H5b: BOD members’ background in firm-related fields positively moderates the effect of 

outside sources on innovative activity in high technology firms.  
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Based on the above hypotheses we develop the following model 

Figure 2 
 

A model showing the effect of External Forces on Firm Innovation 
 

 

 

 

 

 

 

 

 

 

Methodology and Measurement 

Samples and Sources of Data 

These hypotheses are tested on a sample of 49 high technology software and pharmaceutical 

firms at the time of their initial public offering (IPO) (SIC=7272, 2834, 7371).  Software and 

pharmaceutical firms were selected as firms that are different in operations and administration, 

though both considered high technology industries.  The decision to choose pharmaceutical and 

software allows us to cover a range of high technology firms.  The original expected sample size 

was 128 firms based on firms that filed an IPO between the years 2002-2004, however in the 

data collection only 49 firms had information in their SEC filings on external influences.  Data 

on patent numbers and patent citations was derived from the Derwent patent database and data 

External social resources 
University partnership 
Government partnership 
Large firm partnership 
Geographic clusters 

High-tech firm’s innovation 
(Innovation activity—patent count; 
Innovation quality – patent 
citation) 

BOD 
Prior industry-related 
experience 
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on the BOD was based on SEC filings.  Hoovers.com and the cluster mapping website were also 

used to collect data on these firms.   

Dependent Variable 

The dependent variable of innovative activity was measured by patent count as well as patent 

citation.  Patents demonstrate innovative activity (quantity), but the citation of patents, also 

displays innovative activity in the quality of innovations (Hagedoorn and Cloodt, 2003; 

Griliches, 1990).  Patents that are heavily cited display worth and importance of innovation.  

Research on patents shows a relationship of patents and patent citation to firm performance 

(Bloom and Van Reenenm 2002; Bogner and Bansal, 2007; Markman, Espina, and Phan, 2004), 

with patent citation usage providing a stronger explanation (Coombs and Bierley, 2006).  Thus, 

in studying innovation based on patents, patent citation is a more robust proxy for our dependent 

variable.  However, both measures are still used at the same level in business research and thus, 

and thus in this research, both patent count and patent cites will be used as measures of 

innovation.  

 

Patent count was calculated as the total number of patents that a firm had recorded by June 2008.  

Patent citation was measured as the number of forward citations that a firm had from its point of 

IPO between the years 2002-2004 through June 2008 when the data was collected.    

Independent Variables 

Partnerships with Universities 

University partnership was measured as the number of alliances the firm had with universities as 

of IPO date, based on SEC filing information. 
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Government Grants 

Government grants were calculated as the amount of money from grant in dollars that the firm 

had received from the government as of IPO date, based on SEC filings. 

Partnerships with Large Firms 

To calculate the value of alliances with large firms, a ratio of the firm in the data sample in 

comparison to the revenue of the large firms as of IPO date based on SEC filings information 

was computed.  Some firms were private, small or international and for these firms the expected 

revenue was used instead of the large firm revenue. 

Distance from Geographic Clusters 

The cluster mapping project website was used to find the top 30 clusters in the United States 

under the categories of ‘information technology’ and ‘pharmaceuticals’.  The focus on this 

website was on the top 20 metropolitan areas by employment.  Information on the location and 

zip-code of each firm was derived from SEC filings and hoovers.com.  The list of clusters was 

compared with the zip-code of firms in the data.  The distance in miles from the geographic 

cluster for each firm was measured.   To dichotomize the data into near versus distant, any 

company that was .033 (1/30miles) or further from the geographic cluster was categorized as far 

from the cluster.  .033 was used to estimate the distance that will be too long for casual and 

interaction between employees in the same industry. 

Board of Directors 

The background of the BOD is tabulated to determine the percentage of board of directors that 

have firm-related background. Firm-related background of BOD members in this case is 
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conceptualized as those who have had jobs in pharmaceutical or software-based firms.  The SEC 

filings of the firm will provide information on the BOD and their backgrounds.   

Control Variables 

There were three control variables in this study.  Firm globalization was controlled for as a 

possible factor that affects firm performance (Carpenter Sanders and Gregersen, 2001).  Firm 

globalization was calculated as the ratio of foreign sales to total sales.  Second, firm size was 

measured by the natural logarithm of the total number of employees.  Third, a control factor was 

the firm’s age, since it is assumed that the knowledge resources of an older organization will be 

greater than those of a younger one.  Also firm age can mean more experience and perhaps better 

financial performance.  Firm age is measured as the years from conception of a firm at the point 

of IPO.  A definition of the variables is available in Table 1. 
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Table 4.1. 
Variable Definitions 

 

VARIABLE DESCRIPTION 

DEPENDENT VARIABLE 

Innovative Activity 

Patent number- Total number of patent by June 2008 in each 
firm 

Patent citation-forward citations in each firm by June 2008 

INDEPENDENT VARIABLES 

Government Partnership 
The amount of money that the firm has received from the 
government (dollar amount) 

Large firm partnership 
The revenue of the large firm/the revenue of the firm in the 
sample (percentage) 

Distance from Geographic 
clusters 

1/the distance in miles from a geographic cluster based on 
industry (percentage) 

BOD background  
Percentage of BOD members in each firm that have firm-
related industry background (percentage) 

CONTROL VARIABLES 

R&D intensity R&D expenditure/total sales (percentage) 

Firm size (log) The natural logarithm of total number of employees (log) 

Foreign Sales Foreign sales/total sales (percentage) 

Firm age The age of the firm at the point of IPO (numeral) 
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Data and Results 

The statistical method employed in this study was standard regression analysis, specifically 

SPSS 15.0.  Table 2 provides the descriptive statistics.  It should be noted that the independent 

variables (government partnership, university partnership, and large firm partnership), the 

control variable of employee size, and dependent variables were skewed and this was controlled 

for by creating a natural logarithm of each variable.   Table 2, which depicts the descriptive 

statistics, shows the natural numbers and the logs of these variables.   

Table 4.2. 
Descriptive Statistics 

 

 N Minimum Maximum Mean Std. Dev. 

Patent number 49 1              100             10.58               17.65 

Patent number (log) 49  -.3                  2                 .49                   .74 

Patent citation 49   1                97               8.48               19.28 

Patent citation (log) 49  -.3                  1.99                 .28                   .71 

University partnership 49   .5                  3.0                 .72                   .48 

Government partnership 49   .00 115591000.00  2630887.76  16515658.82 

Large firm partnership 49   .00       114065.40        2577.42        16287.27 

Distance from Geographic 
Clusters 

49   .00                  1.00                .35                  .48 

BOD background 49   .25                  1.00                .77                  .22 

R&D intensity 49 0     4561300    248481.63      893598.61 

Firm size 47 0           4565          217.09             694.95 

Firm size (log) 45   .00                 3.66              1.71                   .75 

Foreign sales 45 0            100            12.04               29.45 

Firm age  45 1              34              6.51                 5.41 

Valid N 37     
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Based on analysis which is not depicted in this paper, the use of the natural logarithm had no 

effect on the variables and was ignored in explaining the hypotheses.  Correlation results of the 

variables without logarithms are provided in Table 3. 
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Table 4.3. 

Correlations 
 

*p<.05; **p<.01 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1.Patent number 1            

2.Patent citation .703** 1           

3.University partnership -.042 .193 1          

4.Governent partnership -.077 -.059 -.070 1         

5.Large firm partnership -.044 -.063 -.075 ..026 1        

6. Distance from Geographic clusters .301* .334* -.064 -.076 -.095 1       

7.BOD background -.025 -.148 -.233 .017 .164 .263 1      

8.R&D intensity .107 .016 -.095 -.046 -.045 -.079 -.149 1     

9.Firm size -.100 -.069 -.123 .304* -.040 -.117 -.101 -.033 1    

10.Firm size (log) .149 .151 -.138 .310* -.008 .001 .113 .136 .568** 1   

11. Foreign sales -.144 -.106 -.021 -.087 -.069 -.033 .005 -.122 .408** .178 1  

12. Firm age .181 .047 -.124 -.101 -.106 .219 -.031 .015 -.045 .197 -.078 1 
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Table 4 exhibits the results of the regression analysis.   

There are twelve columns in Table 4; two with only control variables for each dependent 

variable and two with the full model for each dependent variable.  Columns were also included 

with interaction variables placed in separately to test the effect of interaction of forms of 

partnerships and BOD background on innovation. 
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Table 4.4. 
Outside Forces Effect on Firm Innovative Activity 

 

REGRESSION ESTIMATES 
Dependent Variable=Firm innovation (N=49); STANDARDIZED COEFFICIENTS 

Patent number 
Patent citation 

Patent Citation 

INDEPENDENT VARIABLES 

 A B C D E F G H I J K L 

University partnership  .035 -.201 .035 .035 -.006  .338** .897** .338** .338** .277** 

Government partnership  -.079 -.091  -.079 .009  -.127 -.099  -.127 .003 

Large firm partnership  .002 .011 .002  -.050  .042 .021 .042  -.035 

Distance from Geographic clusters  .344* .356* .344* .344* 1.620**  .486*** .458*** .486*** .486*** 2.378*** 

BOD background  -.144 -.189 -.144 -.144 .131  -.279 -.173 -.279 -.279 .129 

BOD X University partnership   .248      -.587    

BOD X Government partnership    -.079      -.127   

BOD X Large firm partnership     .002      .042  

BODX Geographic Cluster      -1.475*      -.187*** 

CONTROL VARIABLES 

Firm size (log) .218 .232 .238 .232 .232 .182 .236 .296* .283* .296 .296* .221* 

Foreign sales -.216 -.229 -.224 -.229 -.229 -.149 -.178 -.214 -.226 -.214 -.214 -.096 

Firm age .074 .096 .080 .096 .096 .090 -.011 .037 .075 .037 .037 .028 

Adjusted R squared .013 -.032 -.059 -.032 -.032 .061 -.012 .241 .269 .241 .241 .5 

F statistic 1.159 .857 .771 .857 .857 1.268 .855 2.472 2.510 2.472 2.472 5.108 
    *p<.10; **p<.05; ***<.01 
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Hypothesis 1 proposed that partnership with universities has a positive effect on innovative 

activity as measured by patent numbers and patent citation.  The hypothesis was accepted with 

patent citations (beta=.338) as the dependent variable, at the .05 significance level; but there was 

an insignificant effect with patent number.  So, this hypothesis was partially confirmed.  

Hypothesis 2 stated that partnership with the government will have a positive effect on 

innovative activity.  This hypothesis was not significant with either patent count or patent 

citation.  Hypothesis 3 proposed that partnerships with large firms would have a positive effect 

on innovative activity.  With both dependent variables, there was no significant effect.  The 

fourth hypothesis focused on the positive effect on innovative activity of being in a geographic 

cluster of firms in the same industry.  With patent number as the dependent variables, this was 

positively significant at the .1 level.  For patent citation, hypothesis 4 was significant at the .01 

level.  Hypothesis 5a proposed that the firm-related background of the Board of Directors will 

have a positive influence on the innovative activity of firms.  This hypothesis had no significant 

support. 

 

The BOD was hypothesized to have a moderating effect on the outside forces that affects the 

firm innovative activity in hypothesis 5b.   Hypothesis 5b was supported for geographic clusters 

with the dependent variables patent number at the .1 level and patent citation at the .01 level.   

This hypothesis was not supported for any of the other three variables.   
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Table 4.5. 
 Outside Forces Effect on Firm Innovative Activity-Far From Geographic Cluster 

 

REGRESSION ESTIMATES BASED ON FIRMS FAR FROM GEOGRAPHIC CLUSTER 

Patent number Patent Citation 

INDEPENDENT VARIABLES 

 A B C D E F G H I J K L 

University partnership  -.100 -1.590 -.100 -.102 .006  -.715 -4.598 -.715 -.690 -.850 

Government partnership  .267 .458 .267 .260 .019  .433 .929 .433 .541 .748 

Large firm partnership  1.053* 1.459 1.053 1.061 .922  1.411* 2.468* 1.411* 1.303 1.576 

Distance from Geographic clusters  .231 .256 .231 .226 -.767  .438 .505 .438 .507 1.702 

BOD background  .300 .043 .300 .286 .010  .129 -.541 .129 .336 .497 

BOD X University partnership   1.266      3.298    

BOD X Government partnership             

BOD X Large firm partnership     .021      -.308  

BODX Geographic Cluster      1.039      -1.316 

CONTROL VARIABLES 

Firm size (log) .228 -.395 -.480 -.395 -.394 -.212 .152 -.640 -.863 -.640 -.648 -.872 

Foreign sales .363 -.043 -.127 -.043 -.047 -.057 .066 -.213 -.432 -.213 -.152 -.196 

Firm age .194 .066 -.066 .066 .071 .218 .128 -.061 -.406 -.061 -.133 -.254 

Adjusted R squared -.118 .467 .326 .467 .202 .240 -.322 .077 .468 .077 -.075 -.322 

F statistic .614 2.206 1.592 2.206 1.310 1.386 .107 1.114 2.075 1.114 .915 .702 
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Table 4.6. 
Outside Forces Effect on Firm Innovative Activity-Close to Geographic Cluster 

REGRESSION ESTIMATES FOR FIRMS CLOSE IN DISTANCE TO GEOGRAPHIC CLUSTER 

Patent number 
Patent citation 

Patent Citation 

INDEPENDENT VARIABLES 

 A B C D E F G H I J K L 

University partnership  -.113 -.554 -.208 -.085 -.165  .503** .961** .465** .481** .424** 

Government partnership  .000 -.169 1.129 .013 .109  -.283 -.108 .168 -.294 -.117 

Large firm partnership  .211 .432 .000 .162 .117  .394 .165 .310 .434 .253 

Distance from Geographic clusters  .244 .209 .403 .207 1.346  .251 .288 .315 .282 1.904**** 

BOD background  -.303 -.397 -.302 -.328 .019  -.345* -.247 -.345* -.324 .137 

BOD X University partnership   .532      -.551    

BOD X Government partnership    -1.000      -.399   

BOD X Large firm partnership     .185      -.150  

BODX Geographic Cluster      -1.255      -1.882** 

 

Firm size (log) .236 .260 .201 .412 .206 .282 .262 .159 .220 .219 .202 .192 

Foreign sales -.371 -.447* .460* -.480 -.372 -.371 -.277 -.241 -.227 -.254 -.302 -.126 

Firm age .001 -.095 -.130 -.282 -.002 -.099 -.086 .002 .038 -.072 -.073 -.004 

Adjusted R squared .011 -.086 -.106 .026 -.117 -.047 -.046 .322 .331 .308 .554 .519 

F statistic 1.089 .753 .735 1.074 .708 .875 .631 2.483 2.376 2.237 2.210 3.997 
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An attempt was made to investigate the negative interaction of BOD and distance from the 

geographic cluster.  Using 30 miles to classify companies from the geographic cluster the data 

sample was broken down into near and distant.   The regression results are available in Tables 5 

and 6.   The interaction effect of BOD and distance was not significant when the firm was far 

from the geographic cluster, but it was significantly negative with firms within 30 miles of the 

geographic cluster.   This once again counteracts hypothesis 5b in that firms that are close to 

geographic clusters have a negative interaction effect with BOD background.   Of the control 

variables, firm size proved to be consistently significant for patent citation, whilst firm age and 

foreign sales were not found to be significant.   

Discussion 

In studying the effect of outside sources on innovation, R&D intensity was measured as one of 

the control variables.  The result for this analysis was not displayed since it actually did not 

improve the results in any way.  It is proposed that for internal resources, R&D intensity plays a 

role; but for outside resources, R&D intensity does not matter as it does not correlate with the 

factors outside of the firm.  R&D intensity will not be included in this paper. 

 

Much of prior research on what affects innovative activities in firms looks at the embedded 

capability of the firm and resources within the firm.  This paper studies the effect of outside 

forces and other organizations on the firm.  Partnerships with universities enhance vital 

innovation in firms, although it does not affect the level of innovative activity.  The finding on 

hypothesis 1 shows that working with scientists and researchers increases the level of important 

knowledge that is produced and that will be considered essential by other companies in the 



 79 
 

future.  Thus, the stance of this paper that partnership with universities is valuable was found to 

be supported.  

 

Firm partnership with government, though not significant, may have a negative effect on firm 

innovative activity.  This could be due to the possibility that the government just provides capital 

without increasing the firm knowledge.  A partnership with a university increases knowledge 

sharing, whereas a government grant does not.  This relationship suggests that increased 

innovative activity is a function of both knowledge sharing and capital. 

 

Firm partnership with large established firms was not significant in terms of innovation level and 

valuable innovation level.  Firm partnership needs to be linked with knowledge sharing to have a 

positive effect; some of the collaborations may not have included knowledge sharing.  The 

presence of firms in geographic clusters was significantly related to patent citation and 

innovation.  Firms in geographic clusters enjoy knowledge spillovers and access to a pool of well 

qualified employees. 

 

The industry background of the BOD does not affect the innovative activity of a firm.  It is 

posited that the lack of effect could be due to the role that the BOD has of providing advice and 

not engaging in the day-to-day running of the firm, which means that they do not make decisions 

that affect the innovative activity of the firm.  The BOD’s industry background does not affect 

large firm partnership or government partnership effect on firm innovation.  BOD industry 

background does however, have a negative effect on geographic cluster influence on firm 

innovation.  The presence of BOD background actually reduces innovation.  BOD background 

may lead to stagnant relationships in the geographic clusters, which means no new sources of 

knowledge are tapped.  Thus, BOD background substitutes for geographic clusters rendering the 
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cluster benefit inconsequential.  The explanation of substitutes is highly possible in light of the 

fact that with a breakdown of geographic distance into two sections; there was significant 

interaction effect when the firm is close to the geographic cluster.  Another possibility is that 

there might be cross-membership of BOD members from firm to firm lowering the valuable 

social interaction in the clusters.  Surprisingly, the other independent variables showed no 

interaction with BOD background.   

Theoretical Implications 

This study has several theoretical implications.  This paper has delved into how outside 

relationships, especially partnerships, affect the innovative activity of firms.  Based on our 

findings, it can be noted that partnerships and outsiders relationships, specifically universities 

and geographic clusters proximity, affect firm innovative activity.  It was also illustrated that 

partnerships that leads to knowledge sharing, rather than money (government and large firm), 

increase innovation.  This suggests a need for more research on what other forms of knowledge 

sharing partnerships can affect firm innovative activity and in what ways these factors can affect 

firm innovative activity.  This study focused on grants from the government, geographic clusters 

and partnership with universities and large established firms.  Working with universities and 

geographic clusters were found to be the most significant factors that affects firm innovative 

activity.  Grants from the government and aid from large firms provided no innovative impetus 

which suggests that capital alone is insufficient.   

 

The BOD did not have a direct influence on firm innovative activity.  The result advocates that, 

the value of the BOD of directors may not be as large as expected.   Future research can examine 

the ways in which the BOD can have a moderating effect.  Researchers such as Hillman and 
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Dalziel, 2003, identified BOD significance; the important nuances of the BOD should be 

examined. 

Practical Implications 

Research has shown the value of innovative activity to performance.  In exploring innovative 

activity, this paper examined the effect of partnerships for knowledge sharing, influx of capital 

from outside sources, or a combination of both characteristics on innovative activity.  This study 

shows managers the value of money as well as knowledge sharing.  It is important for managers 

to realize that both are equally important.  Getting capital from outside sources are generally 

positive events; however the firm needs to either form partnerships to utilize the capital or 

increase firm specific training to augment knowledge.  This paper also highlights the most 

effective forms of partnerships and it specifies to firm managers that they should try to gain more 

knowledge from outsiders. 

Limitations and Future Research Directions 

This study based has several limitations.  First of all, data was collected based on a sample of 

firms that went public from 2002-2004 and collection of the measures of the variables was 

attempted.  This led to a relatively small sample of 49 firms that had sufficient SEC information 

on their partnerships.  The sample size, however, was found to be adequate as significant results 

were obtained.  Secondly, the study was based on firm data, that went public between 2002 and 

2004 and the sample size may have faced a deficiency due to the issue of the year 2000 crash 

which caused a lot of firms to go bankrupt.  Based, on the results noted in this paper, it will be 

valuable to examine the same hypotheses with a larger data sample as well as based on firms that 

went public in later years.   
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The data was exclusively based on American firms, and it will be interesting to see which forms 

of partnerships are more profitable in terms of innovative activity in other countries.  The study 

focused on only high-technology firms, mostly pharmaceutical firms, with the rest being 

software firms, raising questions of generalizability.  Future research can benefit from 

examination of a wider range of industries.  Larger studies in each industry will also be 

beneficial.  To increase the sample size, the use of surveys and interviews will be helpful.  This 

study utilized a simple method of operationalizing the variables, leading to some loss of nuance.  

The study was cross-sectional and could benefit from a longitudinal study to see how changes in 

partnership affect innovative activities, as well as how the length of partnerships affects 

innovative activity.  Other forms of partnerships not researched in this paper can also be 

investigated.   
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CHAPTER 5 
CONCLUSIONS 

 
Chapter 2 hypothesizes on the direct and interaction effects of TMT characteristics on R&D 

intensity in high technology firms in their initial stages of development.  The empirical findings 

illustrate that education as a main and interaction effect has significant negative effects on R&D 

intensity.  For the interaction effects, advanced education increases R&D intensity and its 

interaction with TMT young age is positively associated with R&D intensity.   The interaction 

effect of TMT founder presence and TMT advanced education has a positive though 

insignificant effect on R&D intensity.  It was found that TMT average age has no relationship 

with firm R&D intensity. 

 

The contribution of this research effort provides further insight on TMT research. First of all, 

results showed R&D/total assets as a potential alternative to R&D/total sales in measuring R&D 

intensity in industries where sales figures are low.  The paper, examined TMT research of small 

high technology firms at IPO stage.  Significant results were found, along with the unexpected 

finding of founder presence having a potential negative effect on R&D intensity.  Extant research 

has rarely investigated complex TMT issues such as combination effects of TMT characteristics.  

This paper delved into nuanced, complex issues which increases our knowledge on TMT 

research and identified the intricacies of TMT characteristics theory that need further 

exploration.  

 

Chapter 3 researched the effect of TMT characteristics on patent citation.  Specifically, the paper 

examined the effects of TMT average age, level of TMT education, TMT education background, 
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founder presence, and industry experience on patent citation intensity.  Thus, this research 

investigated the finer aspects of TMT characteristics by not only exploring TMT education and 

TMT founder presence along with TMT average age but also the TMT education background 

and TMT industry experience.  It was found that the background of TMT education and TMT 

industry and founder industry background affects patent citation.   

 

The findings suggest that there is still substance to the TMT characteristics research.  

Unexpectedly, it was found that for software and pharmaceutical firms at the point of IPO, not all 

the TMT characteristics matter, especially in terms of founder effect, which counteracts 

expectation for founders for the small firms in the data sample.  Overall, background in 

education and industry are the key antecedents of patent citation as a representation of 

knowledge creation.  Extant research has rarely focused on the complex issues of TMT 

characteristics.  The paper showed the value of not just examining a characteristic but the level 

or type of characteristics as circumstances that have significant effects on patent citation. 

 

Chapter 4 investigated external resources by analyzing outside factors that affect firm innovative 

activity.  The empirical evidence demonstrates the importance of the questions raised by this 

paper.  It was found that outside forces influence firm innovative activity.  The partnerships with 

universities have a positive effect on valuable innovation.  Geographic clusters lead to innovation 

as it increases knowledge sharing.   Getting government aid raised a red flag, since it may have a 

negative, though not significant, effect on firm innovative activity.  The BOD does not have a 

direct effect on firm innovative activity, but has a strong interaction effect on geographic clusters 

aid innovation.  
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Future research will attempt to investigate the effect of TMT characteristics as it affects 

partnerships with outside resources.  The TMT education level for example may affect the 

partnerships the firm has.  Further research on TMT can compare family owned firms with 

venture capital funding firms to see how TMT characteristics might affect firm knowledge 

creation. 

 

Prior research has examined the effect of social networks and BOD as external resources and this 

paper delved into other forms of external resources and effect of firm innovation.  The 

contribution to research states the unequivocal importance of partnerships that lead to knowledge 

sharing for small firms.  This paper, in exploring the complex issues of partnerships and small 

firms has increased the extant knowledge on firms and innovative activity.  It raises the issue of 

how outside factors affect knowledge and broadens the resource-based view to consider not only 

internal resources but to investigate external resources. 
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