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ABSTRACT 

CEOs are primarily responsible for managing technological innovation as the key source 

of competitive advantage for science-based and technological intensive industries. Thus, 

studying the effects of CEOs on innovation is an important stream of research in strategic 

management. However, research on this topic has not reached consistent conclusions 

because of both theoretical and empirical limitations. To address the limitations and 

advance knowledge, this research builds an attention-based model that integrates the 

upper echelons perspective and the attention-based view of the firm to explain and 

predict how CEOs influence technological innovation through their attentional 

perspective. This model conceptualizes a CEO’s attention as a multidimensional 

construct that has three independent dimensions – attention breadth, attention focus, and 

attention heterogeneity. Further, to capture the complexity of technological innovation, 

this model includes three distinct dimensions – innovation productivity, innovation 

approach, and innovation quality. This attention-based model offers three unique 

advancements. First, this model probes into the substance of information-processing by 

examining a CEO’s attention, which is one of the most crucial cognitive mechanisms. 

Second, this model explicates the mechanism and process that underlie relationships 

between CEO demographic characteristics and technological innovation. Finally, this 

model presents a holistic yet parsimonious conceptual framework that guides future 

research by theorizing the causality between the three dimensions of managerial attention 

and the three dimensions of technological innovation.  
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

Ever since Bill Gates handed over the CEO position of Microsoft to Steve 

Ballmer in 2000, the company’s share price has dropped almost 50% and the 

company has lost its innovation leadership. Ballmer has been criticized for 

Microsoft’s stagnant share price during his tenure, and has been pressured by 

investors to step down due to his slow response to technological opportunities. 

When Ballmer finally announced his retirement from Microsoft, investors 

applauded by sending the company’s shares surging by more than seven percent.
1
 

In contrast, since Steve Jobs returned to Apple in 1997 when the company he co-

founded was at the edge of bankruptcy, Apple has become an innovation leader in 

the industry; its share price has grown from five dollars to over 600 dollars and it 

has become the most valuable company in the world. Hours after Jobs announced 

his resignation as CEO of Apple, the share price dropped five percent, even 

though his departure had already been anticipated for months.
2
  

These anecdotes suggest that industry analysts and the general public 

believe CEOs are responsible for their companies’ innovation; we accredit CEOs 

                                                 
1
 CNBC: Microsoft CEO Ballmer to step down within 12 months. 

http://www.cnbc.com/id/100963220#. 
2
 The Washington Post: Steve Jobs resigns as Apple CEO. 

http://www.washingtonpost.com/business/steve-jobs-resigning-from-

apple/2011/08/24/gIQAmwwPcJ_story.html 
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for their success and blame them for their failure in innovating. Therefore, 

understanding the mechanisms of how CEOs influence a firm’s technological 

innovation is a primary inquiry in management research. However, even though a 

sizable number of studies have been produced, our knowledge on this topic 

remains incomplete and fragmented, with some inconsistent evidence and 

inconclusive findings.  

This dissertation taps into the stream of research that investigates top 

management
3
 as determinants of a firm’s technological innovation. Building upon 

the widely adopted upper echelons theory (Hambrick & Mason, 1984) and 

integrating the attention-based view (Ocasio, 1997), this research extends the 

current theoretical framework and contributes to the theory and research in this 

stream of research. This dissertation aims to answer two main research questions: 

and, (1) How do CEOs’ career experiences affect their attention? and, (2) How do 

CEOs’ attention affect different aspects of technological innovation?   

1.2 Overview 

1.2.1 Motivation 

Theorizing and testing how CEOs influence technological innovation is a 

growing stream of research. However, this stream of research has not reached 

conclusive or consistent findings. For example, the age of managers does not 

show consistent effects on innovation (Ahuja, Lampert, & Tandon, 2008). 

                                                 
3
 This stream of research investigates both CEOs’ individual effects and top management teams’ 

effects. Therefore, research that focus specifically on CEOs (the topic of this dissertation) is not 

considered a different stream of research but a sub-stream within the broader stream. Research that 

investigates top management teams often draws from work team literature. However, upper 

echelons theory remains the foundational theory for most research. 
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Theories have suggested that organizational tenure of CEOs may have a positive 

(Nelson & Winter, 1982), a negative (Bantel & Jackson, 1989), or a curvilinear 

relationship with innovation (Wu, Levitas, & Priem, 2005). Further, education 

and functional experience of CEOs have not been found to have strong or 

consistent effects on technological innovation. Therefore, the research on CEO 

and technological innovation has not achieved meaningful conclusions. The 

reasons for this lack of progress are threefold.  

First, the presumption in this stream of research is that innovating is risky, 

but this assumption is problematic. Innovation has always been considered a risky 

strategic endeavor. Firms invest a significant amount of financial capital in 

research and development but successful innovation is unpredictable. We have 

witnessed that great innovative firms fail because they could not keep up with 

disruptive innovations (Christensen, 1997). Therefore, technological innovation 

has been considered risky and uncertain. Further, innovation is seen as a strategic 

choice for managers. When their firms experience organizational decline, 

managers can choose to innovate, hoping that innovation can help their firms 

break the downward spirals (McKinley, Latham, & Braun, 2014). However, due 

to the changing institutional and environmental factors, these assumptions do not 

seem to hold. According to the norm at the present time, innovation is neither a 

choice nor an alternative for managers but a necessity. Innovation has become the 

key determinant of sustainable competitive advantage (Cardinal, 2001), and top 

managers are required to innovate to create the long-term value of the firm. 

Innovation has become a driving force for most industries, especially science-
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based (Cardinal, Turner, Fern, & Burton, 2011; Pavitt, 1999) and technology-

intense industries. Innovation can be risky since it requires significant financial 

capital and human capital and the results are often unpredictable, but not 

innovating is considered equally risky if not more so (Ahuja et al., 2008). 

Second, the theoretical lens has some limitations. The dominant 

theoretical lens in this stream of research has been the upper echelons theory 

(Hambrick & Mason, 1984). Building on the bounded rationality premise (Simon, 

1947, 1982), the upper echelons theory is concerned with the strategic choices 

managers make based on their construed reality of the world. Top managers filter 

environmental stimuli through their psychological, cognitive, and social processes 

and perceive the world in a construed reality. They then make strategic choices 

concerning product innovation, diversification, acquisition, and so forth. Even 

though upper echelons theory was intended to be a process-oriented theory, the 

underlying processes have remained a mystery (Hambrick, 2007). Most studies 

building on upper echelons theory are, in fact, demographics studies that consider 

the relationships between manager demographics and technological innovation. 

Backgrounds and demographics may reflect a manager’s cognition, but they are 

distal from decision-making and strategic choice. Managers are assumed to be 

information workers who absorb, process, and disseminate information about 

issues, opportunities, and problems (Walsh, 1995). Thus, to advance the 

understanding on how top managers influence technological innovation, 

management researchers should consider how top managers process information. 

Further, the upper echelons theory is a theory of choice. It explains how cognitive 
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biases determine a CEO’s strategic choice, yet the effectiveness of this choice is 

not considered in the model. Thus, while upper echelons studies can explain how 

CEOs choose, prefer, or emphasize innovation, these studies fall short in 

explaining the how the micro-level strategic choices of CEOs influence the 

macro-level firm innovation activities and outcomes. 

Finally, the stream of research that examines CEOs’ influence on 

innovation has not given enough treatment to the concept of technological 

innovation.
4
 Although there is no universally agreed upon conceptualization of 

innovation, management scholars do have some level of consensus on the 

different typologies, dimensions, and characteristics of innovation. Research on 

the determinants of innovation has included both innovative inputs and innovative 

outputs as measures of innovation (Ahuja et al., 2008). The issue of innovative 

inputs, or innovative efforts, is primarily concerned with incentives and the ability 

to support research. In contrast, the issue of innovative output is concerned with 

research productivity. Both issues are important and top managers play important 

roles in both functions. The majority of focus in this stream of research is on 

innovative effort. Studies draw upon agency theory (Fama & Jensen, 1983; Jensen 

& Meckling, 1976; Wiseman & Gomez-Mejia, 1998) and behavioral decision 

theory (March & Shapira, 1987; Sitkin & Pablo, 1992) to detail the incentives and 

motivational factors that drive top managers to invest more capital in innovation 

efforts. Yet, the issue of innovative output, that is, the processes and mechanisms 

                                                 
4
 Innovation is a broad concept, and there is no universally accepted definition. This research 

mainly concerns with technological innovation - the generation and creation of new ideas and 

products. Therefore, the literature review excludes literature on adoption or diffusion of 

innovations (Damanpour, 1991), and also leaves out non-technological innovations such as 

administrative or organizational innovations (Aiken & Hage, 1971; Hage, 1999). 
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by which top managers affect the output of innovation has not been given enough 

attention. Within the studies on innovation output, most research has focused on 

the innovation productivity or volume, while ignoring other aspects of innovation. 

For instance, according to research, managers not only influence the overall 

volume of innovation but also the direction of innovation (Ahuja et al., 2008). 

Innovation is a complex construct that has different dimensions and aspects, and 

each of the dimensions is influenced through a specific underlying mechanism. 

Therefore, the construct of innovation needs to be more clearly defined and 

specified in order to understand how top managers influence the different aspects 

of innovation. 

1.2.2 Theoretical framework 

 To address theoretical limitations in the current literature as well as to 

advance this research stream, this research develops an integrated model from 

multiple theoretical perspectives.  

First, the foundational theory in this dissertation is based on the upper 

echelons theory. Upper echelons theory posits that organizational outcomes are 

reflections of its top managers. The integrated model builds upon this premise and 

argues that technological innovation processes and outcomes can be explained by 

characteristics of CEOs. This research focuses specifically on the CEOs rather 

than the top management teams because CEOs are considered to have 

disproportionally greater influence on organizational processes and outcomes than 

other top management team members. This model could be elevated to the top 

management team level of analysis but it is beyond the main focus of this 



7 

  

 

 

  

dissertation. Even though this research builds on the foundation of upper echelons 

theory which is adopted widely in this stream of research, it uses the theory in a 

distinctive way. Studies draw from upper echelons theory often follow a 

sequential logic: First, CEOs perceive information through cognitive biases, then 

they make strategic choices based on the construed reality, and finally their 

strategic choices change organizational trajectories and outcomes. However, this 

research argues a different mechanism through which CEOs influence their firms: 

CEOs attend to information through organizational communication channels, and 

then their attention regulates the attention of organizational subunits and members, 

and finally organizational attention influence organizational trajectories and 

outcomes. In this process, CEOs do not exert their influence through 

intentionally-chosen strategic choices but through unintentionally attention 

regulation.  

 Second, the integrated model extends the basic upper echelons theory by 

drawing from attention-based view of the firm. Attention-based view builds on 

the same information processing premise of upper echelons theory, and they both 

rest on the same precepts of the behavioral theory of the firm. However, it 

integrates from managerial and organizational cognition and proposes numerous 

alternative mechanisms through which decision-makers influence organizations. 

Attention-based view argues that “what decision-makers do depends on what 

issues and answers they focus their attention on” (Ocasio 1997: 188). Managerial 

attention is defined as the top-down cognitive structures that generate heightened 

awareness of and focus over time on relevant stimuli and responses (Ocasio, 
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2011). By integrating attention-based view, this model allows researchers to probe 

into more substance of executives’ information processing. The integrated model 

incorporates three unique dimensions of a CEO’s attention structure: breadth, 

focus, and heterogeneity. Attention breadth is concerned with the overall range 

and diversity of information a CEO attends to. Attention focus has two sub-

dimensions: spatial focus is concerned with the locus of a CEO’s attention focus, 

whereas temporal focus in concerned with the time frames of a CEO’s attention 

focus. Finally, attention heterogeneity is concerned with the uniqueness and 

departure of a CEO’s attention from their peers. These three dimensions capture 

three crucial aspect of a CEO’s attention structure that has profound impacts on 

organizations.   

 Finally, this model also draws from the organizational learning and search 

(March, 1991) literature to theorize influences of a CEO’s attention on 

technological innovation. Search is an organization’s problem-solving activities 

that involve discovery, manipulation, and recombination of technological and 

organizational knowledge and skills (Winter, 1984). Technological innovation 

processes and outputs are considered results of organizational learning and search, 

since innovation activities are problem-solving behaviors (Dougherty & Hardy, 

1996; Katila & Ahuja, 2002). To capture the complexity and multidimensionality 

of technological innovation, this model includes three distinct dimensions of 

technological innovation: productivity, approach, and quality. Innovation 

productivity captures the overall volume of output. Innovation approach captures 

the organization’s emphasis in using either exploitative or exploratory approach to 
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develop innovation. Finally, innovation quality refers to the technological 

importance and impact of innovations. Building from organizational learning and 

search, this model theorize causal effects of three dimensions of CEO attention on 

three dimensions of technological innovation.   

1.2.3 Research design 

 The hypotheses are tested using a panel data set of U.S. software and IT 

services firms. This industry is chosen as the setting of this research for several 

reasons. First, this industry is a technology-intensive industry in which 

technological innovation is a key driving force for company survival; thus it is a 

good industry to study innovation. Second, this is a dynamic industry in which 

executives’ backgrounds are highly diversified; thus it is a good setting to study 

executives’ effects on innovation. Finally, this industry is relatively young and it 

is possible to observe the entire life-cycle of firms; thus it allows researchers to 

capture the evolving and changing of executive cognition throughout the entire 

history of firms.  

This research adopts a single-industry design in order to minimize 

contextual effects of CEO cognition. Executive cognition is highly dependent on 

industry characteristics and comparisons across vastly different industries are 

difficult both conceptually and empirically since each industry has a different set 

of core knowledge and norms. The study sample also retains only single-business 

firms in order to eliminate possible cofounding effects of diversification. 

 The empirical testing of the research model is conducted in two stages. In 

the first stage, panel data regression analysis is applied to test hypotheses 
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regarding relationships between CEO demographics and CEO attention. In the 

second stage, panel data regression model is used to test hypotheses regarding 

relationships between CEO attention and firm technological innovation. 

1.3 Contribution 

From a theoretical standpoint, this research contributes mainly to the 

upper echelons theory, and it also extends the attention-based view. From an 

empirical standpoint, this research contributes to strategic leadership research and 

technology and innovation management research. Moreover, this research also 

offers relevant practical implications for managing innovation.  

This research contributes to upper echelons theory in several ways. First, it 

extends the upper echelons theoretical framework by integrating managerial 

attention as an intervening mechanism between executive characteristics and 

technological innovation. Managerial attention has been a central concept to the 

studies of cognitive perspectives in organization theory, and attention is the 

foremost component in human information processing. Although upper echelons 

theory builds its central tenets around human information processing, it has not 

given enough treatment to executives’ attention mechanisms. Therefore, the 

integration of attention-based view extends and refines the current upper echelons 

framework. Second, this research moves the upper echelons theory towards a 

process theory by studying the actual information processing of CEOs. Although 

upper echelons theory was intended to be a process theory to explain how top 

managers perception influence the information processing and strategic choices of 

organizations, the underlying processes have not been clearly conceptualized and 
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validated. By integrating managerial attention and theorizing its impact on 

organizational learning and search, this research probes into the actual process of 

a CEO’s cognition. Finally, this research enhances the theoretical validity of 

upper echelons theory by theorizing alternative mechanisms of how executives 

influence organizations. This research posits that executives influence 

organizational outcomes by their attentional processing and decision making 

which is situated in procedural and communication channels of organizations, in 

additional to their strategic choices. This research also contributes to the attention-

based view. The attention-based view argues that CEOs are the most critical 

players in organization attention regulation (Ocasio, 1997). However, research in 

attention-based view has not theorized extensively on how CEOs’ demographics 

determine their managerial attention. In addition to this lack of research on CEO 

demographic-attention linkage, another component overlooked in the literature is 

the construct of managerial attention. This research gives more treatment to the 

construct of managerial attention and identifies three independent dimensions, and 

it theorizes linkages between CEO demographics and the three dimensions of 

managerial attention. Thus, this research extends the managerial attention 

literature. 

Empirically, this research contributes mainly to the strategic leadership 

research as well as the technology and innovation management research. Strategic 

leadership research that draws from upper echelons theory has been relying on 

observable demographics of executives as proxies for their unobservable 

cognitive characteristics without measuring and testing executive cognitive 
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factors. This research measures managerial attention using content analysis 

techniques and tests relationships between most commonly used demographics 

variables and managerial attention variables. The results guide future upper 

echelons research by showing whether demographics variables are viable proxies 

for managerial attention. In the technology and innovation management research, 

studies on determinants of technological innovation can be classified into two 

streams with one focusing on innovation input and the other focusing on 

innovation output. However, the process between input and output has not 

received enough research efforts. This study investigates not only the overall 

output of innovation, but also the emphases and approaches of innovation. 

Moreover, this study also investigates whether top managers influence the quality 

of innovation, which is an important yet unanswered question. Finally, this 

research also has important and relevant managerial implications on managing 

technological innovation. Top managers in technology-intensive industries who 

are primarily responsible for managing innovation can benefit from understanding 

that their attention structure may have profound impact on their organizations’ 

effectiveness in producing innovation. Therefore, managers need to be aware of 

their biases in attending and processing information, and consciously managing 

their attention in order to successfully manage innovation. 
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CHAPTER 2: LITERATURE REVIEW 

 This chapter reviews the core literature in management that underlies the 

theoretical arguments and key variables of this dissertation. Two bodies of 

literature that inform that relationship between CEO and technological innovation 

are discussed. First, the core studies that examine various effects of top managers 

on technological innovations are reviewed. Second, key exploratory studies that 

examine effects of managerial attention and firm innovation are summarized. 

Finally, following the literature review, the conceptualization of CEO attention is 

delineated. 

2.1 Determinants of Technological Innovation 

Understanding the determinants of technological innovation has been an 

important inquiry in organization and management research. Since Schumpeter 

(1942) suggested that large monopolistic firms were the key source of innovation 

in industrial economies, immense interest has been sparked in economics and 

management research. Within the management field, scholars in the strategy, 

organizational theory, and organizational behavior areas have conducted 

theoretical and empirical research to identify the most important determinants of 

technological innovation. 

Innovation has a broad set of determinants residing at different levels; 

industry structure, firm characteristics, intra-organizational attributes, and 
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institutional influences all affect firm innovation (Ahuja et al., 2008). Within the 

domain of intra-organizational attributes, one stream of research specifically 

focuses on an executive’s role in innovation. In this line of research, scholars have 

drawn upon upper-echelons theory to investigate how top executives influence a 

firm’s innovation activities and productivity. 

2.2 Top Executives and Innovation 

Scholarly interest in top executives begun nearly years ago (Barnard, 1938; 

Selznick, 1949). However, later organizational theorists turned their attention to 

other determinants of strategy. The environmental determinists believe that 

organizations are not within the control of executives, but that they change 

according to exogenous environmental (Hannan & Freeman, 1977) and 

institutional factors (DiMaggio & Powell, 1983). The revival of interest in 

strategic leadership can be traced back to an influential paper by Child (1972), 

which drew from the concept of “dominant coalition” (Cyert & March, 1963). 

Next, Hambrick and Mason (1984) presented a formalized upper echelons 

framework whereby scholars could focus specifically on top executives as the 

primary influence on strategic choices.  

Building upon the upper echelons theory, this stream of research 

specifically studied top management influence over technological innovation.
5
 As 

                                                 
5
 It is noteworthy to mention that a parallel stream of research in leadership area also investigates 

the same phenomenon. These studies draw from the leadership theories to examine how different 

leadership styles and behaviors relate to firm innovative activities. For example, Jansen, Vera, and 

Crossan (2009) examined the relationship between leadership styles and firm innovation outcomes, 

and they found that transformational leadership behaviors contributes to exploratory innovation 

and transactional leadership behaviors lead to more exploitative innovation. Similarly, Elenkov, 

Judge, and Wright (2005) investigated the relationship of strategic leadership behaviors with 
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upper echelons theory suggests, during decision making, top managers can be 

influenced by psychological and social biases. Their cognitive maps influence 

their perceiving and filtering of information; thus, it is important to study the 

nature of top managers’ cognitive make-up to understand how this may influence 

firm innovation. According to this literature, cognition, biases, and filters of top 

managers can be inferred from the demographic characteristics.  

The three decades of research on top executives and firm innovation has 

not reached coherent and conclusive findings. Although the studies establish that 

some relationships exist between top managers and technological innovation, their 

theoretical and practical implications are limited. Most of the studies are looking 

at correlations between some demographics of CEO/Top Management Team 

(TMT) and innovation metrics. Though upper echelons theory was intended to be 

a process theory, the underlying information processing is never explicitly 

measured and studied but implied, and it has been operationalized as a 

demographic theory. Early exploratory studies examine top management profiles 

in firms with different strategic orientation and found that there is indeed a fit 

between top manager characteristics and a firm’s emphasis on innovation. A wide 

range of executive characteristics has been examined, but the most important and 

                                                                                                                                     
executive innovation influence and suggested that strategic leadership behaviors have a strong 

positive relationship with executive influence on both product-market and administrative 

innovations. To gain more insight into the underlying processes, there are also studies going 

beyond simple main effects to include intervening factors. For example, Jung, Chow, and Wu 

(2003) examined how top manager’s leadership indirectly affect their firm’s innovation via 

empowerment and organizational climate; their results indicated that transformational leadership 

style produced an innovation-supporting organizational climate which spurred greater R&D effort 

and higher patent productivity. A comprehensive summary of the literatures in this line of research 

is beyond the scope of this research, since this research builds upon the upper echelons theory. 

Due to the fundamentally different theoretical lenses and methodologies, integrating these two 

streams would be a challenging, but interesting, task; however, but that is not the primary concern 

of this study. 
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relevant ones are age, tenure, education background, and functional expertise. 

Generally, firms that emphasize market/product innovations tend to have top 

managers who have a higher education level and an output functional expertise, 

such as R&D and marketing. For example, Chaganti and Sambharya (1987) was 

one of the first study to find that Prospector firms (Miles & Snow, 1978) tend to 

have more upper managers with backgrounds in R&D and marketing. Further, 

Thomas, Litschert, and Ramaswamy (1991) found that CEOs in Prospector firms 

were younger, had shorter organizational and positional tenure, and had more 

education than those in Defender firms. These early studies showed that there 

were relationships between top manager demographics and the firm’s general 

strategic orientation, but they did not examine a manager’s influence on the actual 

technological innovation. 

To gain more insight, scholars then went a step forward to examine the 

relationship between top manager demographics and the firm’s innovativeness. 

Bantel and Jackson (1989) investigated TMT age, tenure, education, and 

functional background using a sample in the banking industry and found that 

TMT functional heterogeneity and average education level are related to the 

overall organizational innovativeness, but no effects were observed on age and 

tenure. Hoffman and Hegarty (1993) looked more closely at the relationship 

between executive functional background and different types of innovation, and 

they found that executives with marketing and R&D background emphasize more 

on product-market innovations whereas executives with a finance and production 

background emphasize administrative innovations. These findings suggested that 
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top managers’ demographics were related to their emphasis on innovation, and 

preference toward different types of innovation. However, they did not have any 

implications on the relationship between managers’ demographics and the 

observable innovation effort and output. 

To study manager’s effects on more fine-grained, objective, and 

observable firm innovation metrics, scholars then largely split the research into 

two substreams – innovative effort and innovative output. The question on 

innovative effort is – what are the relationships between top managers’ 

characteristics and a firm’s research input? R&D intensity was one of the most 

widely adopted indicators, reflecting a firm’s effort and input in research. 

Researchers explore the relationship among various TMT/CEO characteristics and 

firms’ R&D intensity level, and numerous studies show that a significant portion 

of variation in R&D intensity can be attributed to management characteristics. 

Daellenbach, McCarthy, and Schoenecker (1999) found that firms led by top 

executives within technical orientation (engineering, product/operations, and 

R&D) had above-average R&D intensity in the industry. Barker and Mueller 

(2002) investigated a broader range of CEO characteristics and found that these 

characteristics explain a significant proportion of variance in R&D spending. 

Specifically, higher R&D spending is observed in firms that are led by CEOs who 

are younger, with marketing, engineering/R&D background, and have advanced 

science degree. They did not find the significant relationship between CEO tenure 

and R&D intensity, but a study by Kor (2006) found that top managers’ firm 

tenure is negatively related to R&D spending. Miller and Shamsie (2001) 
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investigated the effects of executive tenure on innovative effort in a very different 

industry setting. In their Hollywood film studio study on executives, they found 

that executive tenure has a negative relationship with product line 

experimentation. Their results indicate that as the top manager’s tenure advances, 

the firms invest less effort and resources in experimenting with different product 

lines.   

The question on innovative output is – what are the relationships between 

top managers’ characteristics and research productivity? Patents and new product 

launches are the most widely used indicator for innovative output. Wu, Levitas, 

and Priem (2005) investigated the CEO life-cycle proposition (Hambrick & 

Fukutomi, 1991) in a sample of biopharmaceutical industry and found that CEO 

tenure has an inverted-U shape relationship with patent productivity. Their results 

suggest that CEOs can influence observable firm innovation outputs. This line of 

research sheds lights on the role of CEOs in innovation output, and it has 

important theoretical and practical implication; however, research effort in this 

sub-stream is scarce.  

A complete summary of the above-mentioned studies together with other 

relevant studies is presented in Table 2.1. 

Overall, gradually the research stream on top executives and technological 

innovation has shown that top executives characteristics are related to firm 

innovative effort and input. However, these studies, at best, show correlations 

between some demographics and indicators of technological innovation, and we 

still do not know how top managers actually influence technological innovation 



19 

  

 

 

  

processes and outputs. Recently, more inconsistencies emerged when researchers 

delved deeper into top managers’ influence on objective and observable 

innovation output. This research stream seems to be stagnant due to several 

limitations. First, the underlying presumptions are no longer relevant because of 

the changing landscape and business norms and institutions. Although innovation 

was once considered a risky organizational action, the risk of not innovating can 

be equal or even greater. The importance of innovation varies by industries, and it 

has different interpretations in different industries and context; yet, innovation has 

become a norm for the world economy and business. Due to the prior assumption 

that innovating is risky, prior research that focused on motivating CEOs to put 

more effort in innovation through increasing R&D intensity, yet we have very 

minimal understanding on the effectiveness of CEOs on innovation output.  

Second, the findings of existing literature are largely inconclusive and 

sometimes even contradictory, due to the theoretical limitations of upper echelons 

theory. Upper echelons theory was intended to be an information processing 

theory (Cho & Hambrick, 2006). Executives filter and distort information through 

field of vision, selective perception, and interpretation. However, so far most 

studies focus on demographics rather than information processing, and very few 

studies confirm whether executive characteristics affect information processing in 

this way. Without understanding the information processing and only focusing on 

demographics, the findings are often equivocal or even contradictory. Exploring 

the actual information processing is not just a matter of filling research gaps, but 
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it is essential for us to extend and improve both the theories and practical insights 

(Hambrick, 2007). 

Finally, the existing literature has informed us very little on how top 

executives may influence different aspects of technological innovation besides the 

output or productivity, since the majority of research has focused on innovation 

effort or innovation input. Further, in the handful of studies that investigate 

innovation output, only the volume of innovation output is considered. Although 

top managers influence the volume of innovation, they also may influence other 

aspects of innovation, such as the direction of innovation (Ahuja et al., 2008) and 

the rate or speed of innovation (Yadav, Prabhu, & Chandy, 2007). Recently, 

management researchers start to explore top managers’ influence on other aspects 

of innovation, such as exploratory innovation (Alexiev, Jansen, Van den Bosch, & 

Volberda, 2010), and innovation quality (Bereskin & Hsu, 2014). The volume of 

innovation output is inarguably an important aspect, but the other aspects may be 

either equally or more important. Therefore, this research stream needs to go 

beyond innovation effort and innovation volume to understand the relationships 

among top managers and various other aspects of technological innovation. 

2.3 Managerial Attention 

The concept of attention has a long history and tradition in organization 

theory. More than half a century ago, Herbert Simon (1947) introduced the 

concept of bounded rationality, which was a bold departure from economists’ 

rational choice assumptions, and he highlighted the limits of human rationality. 

To a considerable extent, the limits of rationality are the results of the limits of 
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attention, which refers to the set of elements that enter into consciousness at any 

given time (Mahoney, 2005). In modern organizations, “the scarce resource is not 

information; it is the processing capacity to attend to information. Attention is the 

chief bottleneck in organizational activity, and the bottleneck becomes narrower 

and narrower as we move to the tops of organizations” (Simon, 1973: 270). 

Humans can only selectively pay attention to small amount of stimuli; thus, 

attention is the chief bottleneck in organizational activity. Penrose (1959) 

resource-based theory also stressed the scarcity of managerial attention, claiming 

that it is the binding constraint on the rate of the growth of the firm. Weick (1979) 

also notes the importance of attention in organizational behavior, emphasizing 

enactment, interpretation (Daft & Weick, 1984), and sensemaking (Weick, 1995). 

Overall, attention was central to the studies of cognitive perspectives in 

organization theory (Ocasio, 2011). In this study, Ocasio's (1997:189) definition 

of attention has been adopted: 

“t[T]he noticing, encoding, interpreting, and focusing of time and effort by 

organizational decision-makers on both (a) issues: the available repertoire of 

categories for making sense of the environment: problems, opportunities, and 

threats; and (b) answers: the available repertoire of action alternatives: 

proposals, routines, projects, programs, and procedures.” 

Ocasio’s (1997) attention-based view (ABV) is a metatheory of 

organizational action and adaptation that focuses on attention and links back to 

the original conception of Simon (1947). Apart from Simon’s concept that 

focused on attention as a source of control of individuals and subunits in 
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organizations, ABV focuses on how attention in organizations shapes 

organizational adaptation (Ocasio, 2011). Attention is not a unitary concept but a 

variety of distinct yet interrelated processes that operate at different levels. Ocasio 

(2011) classified the attention concept into three ideal types based on their focus 

on structure, process, or outcomes: the attentional perspective, the attentional 

engagement, and the attentional selection. Attentional perspective is defined as 

the top-down cognitive structures that generate heightened awareness and focus 

over time to relevant stimuli and responses. Attentional engagement is defined as 

the process of intentional, sustained allocation of cognitive resources to guide 

problem solving, planning, sensemaking, and decision making. Finally, 

attentional selection is the emergent outcome of automatic or intentional 

attentional processes that result in focusing attention on selective stimuli or 

responses to the exclusion of others. This research mainly focuses on attentional 

perspective of CEOs. Attentional perspective is a critical determinant of strategic 

action and organizational outcomes.  

 The attention-based view of the firm is complementary to the upper 

echelons theory. The upper echelons perspective is essentially a theory of 

information processing, with top managers acting on the basis of their filtered 

construal of the environments they are facing (Cho & Hambrick, 2006). Since its 

inception nearly three decades ago, the stream of research on upper echelons 

theory has yielded substantial evidence that top executive characteristics are 

reflected in various organizational outcomes. However, researchers lack an 

understanding of the underlying cognitive and psychological mechanisms that 
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mediate between top executive characteristics and organizational outcomes. One 

particularly noteworthy mechanism is how executives’ characteristics affect how 

they perceive and attend to the environmental stimuli surrounding them. As the 

most critical decision makers, CEOs are confronted with greater amounts of 

information than they can comprehend. The upper echelons theory builds upon 

one basic foundation, the concept of bounded rationality (Cyert & March, 1992; 

Simon, 1947, 1982). When CEOs confront information overload, they rely on 

their experiences, preferences, and other biases to deal with this barrage. 

Therefore, CEOs’ characteristics, which manifest their underlying biases, are 

reflected in strategic choices and subsequent organizational outcomes. Similar to 

the upper echelons perspective, ABV also is based on the thoughts of the 

Carnegie School (Cyert & March, 1963; March & Simon, 1958; Simon, 1947), 

yet it focuses on managerial attention and cognition rather than demographics. 

According to the attention-based view, “what decision-makers do depends on 

what issues and answers they focus their attention on” (Ocasio, 1997: 188). 

As the leader at the top of the organizational hierarchy, CEOs face 

competing claims on their attention and information overflow. Thus, Ocasio 

emphasizes a major role for CEO: “The most critical players in attention 

regulation are typically the CEO and the top management group” (Ocasio, 1997: 

197). CEOs are confined by bounded rationality, and they have limited time and 

limited cognitive ability to attend to information. To focus their attention across 

competing objects through two processes, CEOs direct more cognitive resource at 

particular objects, and they engage in a heightened state of anticipation to the 
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focal objects. Greater CEO attention to certain issues and events can lead to 

greater awareness and action in firms regarding these types of issues. When CEOs 

have greater attention toward innovation, their degree of effort in comprehending 

and generating initiatives in the innovation domain would be greater. Empirical 

studies offer evidence that executive’s attentional perspective could influence 

firms’ strategic actions and adaptation and change. Cho and Hambrick (2006) 

found that changes in TMT composition lead to changes in TMT attention, and 

the latter influences firms’ strategic changes. Nadkarni and Barr (2008) showed 

that industry velocity influences a manager’s cognition and attentional perspective, 

which in turn influence the speed of response to environmental events. 

2.4 Top Executives Attention and Innovation 

 Top managers especially CEOs are important decision makers who 

influence organizational innovation. They serve as the medium to bridge internal 

and external environments (Child, 1972), search the external environment for 

information (Smith, Collins, & Clark, 2005), and configure internal resources 

(Barker & Mueller, 2002) to facilitate firm innovation. The management of 

attentional resources is a central problem in managing innovation. More than two 

decades ago, Van de Ven (1986) observed that the human problem of managing 

attention is one of the four central problems in innovation management. 

Innovation is not a discrete event but a process that unfolds over time. Successful 

innovation requires firms to work through a series of tasks and each of these tasks 

requires attentional resources (Yadav et al., 2007). However, organizations have 

the tendency to become inert, and the structures and systems often discourage 
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innovation. As organizations grow larger and older and become more successful, 

they are more likely to have structures and systems that discourage innovation 

while encouraging tinkering (Van de Ven, 1986). These organizational structures 

focus the attention of organizational members to routine, but not innovative 

activities. However, this can be changed through the intervention of top 

management. Analytically, attention is the first step of a tripartite information 

processing sequence that involves attention, interpretation, and action (Daft & 

Weick, 1984). What managers attend to has a determining effect on their 

subsequent information processing and ultimately their strategic actions. However, 

the important role of managerial attention in firm innovation has not been 

examined extensively. In the following paragraphs, studies that specifically 

focused on the senior manager attention and firm innovation are summarized. 

Yadav, Prabhu, and Chandy (2007) investigated the effects of CEO 

attention on firm’s detection, development, and deployment of new technologies. 

Using a sample from the U.S. retail banking industry, they examined whether a 

CEO’s future attention focus and external/internal attention focus will influence 

banks to adopt an internet-banking technology. Their study indicates that CEO 

attention is a critical driver of technological innovation. They specifically 

examined two dimensions of CEO attention focus – their future attention focus 

and external versus internal attention focus. When CEOs attend to the future more, 

their firms are faster at detecting new technological opportunities and developing 

the initial products based on these novel opportunities, and they are better at 
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deploying these initial products. Similarly, firms whose CEOs attend more to 

external environment are also faster at detecting and developing innovation. 

Kaplan (2008) examined top managers’ attention when an industry is 

experiencing the introduction of radical technology. The author used a 

longitudinal design to examine the firm’s patenting behavior in the 

communications technology industry following the advent of fiber optics. The 

study found that increased CEO attention to fiber optics technology affect the 

subsequent degree of optical patenting in a firm. Additionally, a CEO’s attention 

interact with organizational incentives and capabilities, such that the alignment of 

them leads to greatest level of change in firm’s patenting behavior, and attention 

of CEOs can compensate when organizational incentives and capabilities are 

lacking. In a subsequent study, Eggers and Kaplan (2009) found that attention of 

CEOs not only influence the patenting but also the commercialization of the 

emerging technologies. Their findings show that a CEO’s attention to emerging 

technology accelerates the entry and commercialization of the technology, 

whereas a CEO’s attention to existing technology delays the commercialization of 

new technology. 

 Chen and Miller (2007) examined the situational and institutional 

determinants of top manager’s attention focus, and the influence on firms’ R&D 

search intensity. Though they did not measure top managers’ attention focus 

explicitly, their findings infer that search behaviors depend on whether managers 

focus their attention on organizations’ situations such as bankruptcy, aspirations, 

and slack. They suggested that how managers set their aspirations and whether 
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they choose to attend to the threat of bankruptcy or slack resources affect the 

propensity to R&D search. 

 Li and colleagues (2013) developed and tested an attention-based theory 

of search by top management teams and the influence on firm innovativeness. 

They examined search selection, that is, the location toward which managers 

select to direct their attention during the organizational search process; they also 

examined search intensity, which reflects the cognitive effort and persistence 

managers use during a search. Using an in-depth field study of 61 high-

technology firms and their top executives, they found that location selection and 

intensity of search independently and jointly influenced new product 

introductions.  

Nadkarni and Chen (2014) used a multidimensional framework of CEO 

temporal focus to examine whether a CEO’s attention focus on the past, present, 

and future influence a company’s new product introduction. Their findings 

suggest that a CEO’s temporal focus in the attention did relate to the rate of new 

product introductions and the relationship is moderated by environmental 

dynamism. In stable environments, more new products are introduced in firms 

whose CEO has high past focus, high present focus, and low future focus. 

However, in dynamic environments, more new products are introduced in firms 

whose CEO has low past focus, high present focus, and high future focus. 

Chen and colleagues (2015) examined how TMT attention to innovation 

influences a firm’s innovation activities in China, and they also examined a set of 

corporate governance factors that may moderate this relationship. They tested 
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their predictions using a sample of Chinese manufacturing companies. They 

measured TMT attention to innovation by conducting content analysis on CEO 

letters to shareholders. Specifically, TMT attention to innovation was 

operationalized as the ratio of number of words that refer to innovation to the total 

number of words in each CEO letter. Using this metric for TMT attention to 

innovation, they found that it has significant positive relationship with a firm’s 

innovation (measured with patent application). Their moderation hypotheses were 

also supported, and the results show that the positive effect of TMT attention to 

innovation is stronger when a firm is a private company, has a larger board of 

directors, or has fewer independent directors. 

A list of these key studies and findings from key attention studies is 

summarized in Table 2.2. 

2.5 CEO Attention 

Executives have different structural characteristics in their attention, and 

these different characteristics influence what stimuli executive pay attention to, 

the style of decision making, and their subsequent actions. These people then have 

different attentional perspectives and are essentially different types of executives. 

Firms in technological-intense industries should have an entrepreneurial type of 

CEO (Shrivastava & Nachman, 1989) to obtain new technological opportunities 

and to make decisions about products/markets entries that can help them maintain 

their competitive advantage. Innovation is a process that includes the detection, 

development and deployment of technological opportunities. Therefore, 

successful innovation requires that firms manage a series of tasks, and each of 
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these tasks requires CEO’s attention resources. To be an innovation leader in 

industry, firms need to have a long-term perspective and can be willing to make 

investments that have a long time horizon. As the most central leader of a firm, a 

CEO’s strategic perspective greatly influences the firm’s strategic actions. 

According to Mintzberg’s notion of strategy as perspective, the dominant 

attentional perspective of the firm is equivalent to the dominant strategy. Thus, a 

CEO’s attentional perspective has influence over the firm’s innovation strategy 

and direction.  

There are different dimensions within the managerial attention construct. 

Specifically, this research proposes that attention breadth, attention focus, and 

attention heterogeneity are three separate dimensions, and each one captures a 

unique aspect of a CEO’s attentional perspective. In the following paragraphs, 

each of these dimensions will be delineated. 

2.5.1 CEO attention breadth 

The breath of attention refers to the extent to which CEOs attend to 

diverse elements in the environment (Levy, 2005). Managers differ on how 

broadly they attend to environmental stimuli for several reasons. First, people 

have a limited attentional capacity, yet this capacity varies from person to person. 

Some managers possess a greater amount of capacity that enables them to attend 

to more information than their counterparts. Managers with a broader attention 

process the information with a wider perceptual lens, and they can attend to more 

diverse elements, trends, and events in the internal and external environments. 

Second, managers construct belief structures that are simplified representations of 
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their world (Walsh, 1988). They rely on cognitive maps, schemata, and 

assumptions to acquire and retrieve information. Their belief structures can limit a 

manager’s ability to broaden their attention to diverse elements. Even if their 

mental capacity allows them to attend to more information, their belief structures 

cause them to simply ignore lots of useful information and act on “impoverished 

views of the world” (Weick, 1979:68). 

2.5.2 CEO attention focus 

Attention focus has two sub-dimensions – temporal orientation and spatial 

orientation. Temporal orientation refers to the focus of attention on either the 

current status quo or on future events. Executives are often criticized as being 

focused on the short term, and thus are reluctant to make long-term investments, 

such as in research and development (Laverty, 1996). This economic short-

termism places their firms at a competitive disadvantage since they are unable to 

innovate that which requires a long-term investment at the sacrifice of short-term 

profits. CEOs who have a future attention focus allocate their attention capacity 

on events and opportunities in the future rather than on the status quo. By being 

mindful of what is yet to happen, they are likely to have a better understanding of 

the social, economic, and technological trends. Thus, they are more willing to 

make long-term investments and they have a greater chance of success in 

innovation. 

Spatial orientation refers to attention focus on external or internal stimuli. 

External focus refers to the intensity of attention devoted to objects whose 

primary locus is outside the firm, and internal focus refers to the intensity of 
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attention paid to the internal organization. Managerial attention research suggests 

that managers can have substantially different attentional predispositions. Some 

pay more attention to external factors, such as market conditions, customers, and 

competitors etc., while others pay more attention to internal organizational factors, 

such as the production, staffing, and so on. Note that these two attention foci are 

independent of each other, and a CEO’s attentional emphasis in one type does not 

determine the other. For example, CEOs with a high external focus may exhibit 

either a high or a low level of internal focus, and vice versa (Yadav et al., 2007).  

2.5.3 CEO attention heterogeneity 

CEOs’ attention heterogeneity refers to the degree of departure in the foci 

of managerial attention comparing with their competitors (Abrahamson & 

Hambrick, 1997). The cognition of top managers within an industry can be similar. 

Spender (1989) introduced the term “industry recipes” to refer to the common 

body of knowledge used by executives within the same industry. However, 

managers may depart from this industry knowledge due to their experience and 

background. The further a CEO’s attention foci depart from the shared common 

body of knowledge, the more heterogeneous his or her attention. For example, in 

the consumer electronics industry, while most companies are increasing the 

functions of their music players, laptops, or phones to make them more powerful 

and efficient, Apple took a different approach to focus on the ease-of-use and 

aesthetics of their musical players and personal computers. Steve Jobs played an 

important role in Apple’s unique approach since he was focusing on very different 

issues from his competitors. The concept of attention heterogeneity has 
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potentially important implications for managerial attention research yet it has not 

been well studied in the attention literature. 

 To facilitate the understanding of these three dimensions of a CEO’s 

attention, a visual illustration is provided in Figure 2.1. 

 In this visual illustration, the shapes in the upper part represent stimuli. 

Different shapes denote different categories of stimuli. For example, the star may 

represent emerging technologies, while the circle represents customer feedback. 

The shapes in solid black denote internal/organizational stimuli, such as 

budgeting, staffing, and production etc. The shapes without colors denote 

external/environmental stimuli.  

 As shown, four CEOs attend to the same set of internal and external 

stimuli, and they focus on different sets of stimuli. Note that both the scope and 

intensity of attention foci are represented. CEO 1 attends to two categories of 

external stimuli and one category of internal stimuli, and two stimuli within each 

category. In contrast to CEO 1, CEO 2 attends to four different categories, and 

four stimuli in each category. Thus, CEO 2 not only has a broader scope but also 

attends more intensely than CEO 1. Further, CEO 2 only attends to one internal 

stimulus. CEO 3, on the other hand, attends to a total of eight stimuli and six of 

them are internal stimuli. Thus, CEO 3 has a stronger internal attention focus 

whereas CEO 2 has a stronger external attention focus. Finally, CEO 4 attends to 

the star category while the other three CEOs ignore it; thus, CEO 4 has a 

heterogeneous attention focus from others. 
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CHAPTER 3: HYPOTHESES DEVELOPMENT 

 This chapter presents the main hypotheses of this dissertation. These 

hypotheses establish the causal relationships between CEO demographic 

characteristics and CEO attention, as well as CEO attention and technological 

innovation. The overall research framework is introduced initially. Then, each 

hypothesis of this study is introduced. 

3.1 Research Model Overview 

Figure 3.1 displays the research model of this study. This is an integrated 

model that draws from both upper echelons theory (Hambrick & Mason, 1984) 

and the attention-based view of the firm (Ocasio, 1997). This integrative model 

proposes that CEO characteristics determine managerial attention, and the latter is 

a determinant of firm’s innovation.  

This integrative model has some key difference from the original upper 

echelons model (Hambrick & Mason, 1984). First, the foundation of this model is 

attention, whereas the upper echelons model builds on selective perception. 

Selective perception is the processes by which individuals only perceive certain 

stimuli while they ignore others, yet attention is the underlying mechanism that 

leads to selective perception. People have limited attentional capacity, and they 

are not able to attend to all stimuli in the environment but must selectively 

allocate their attention. Thus, the limited attentional capacity is the reason for 
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selective perception. This integrative model builds on attention and it allows 

researchers to examine specifically how CEOs allocate their attention capacity 

among a vast number of stimuli. 

Second, the primary interest of the original upper echelons theory is 

executive behavior – the strategic choice they make based on their perceived 

construed reality. Simply put, it focuses on behavior; whereas this integrative 

model focuses on the COE’s cognition. The focus on cognition complements the 

emphasis on behavior since the functions of the cognition – attention, alertness, 

abstraction, and awareness - determine the context, the interpretation, and the 

outcome of behaviors (Weick & Sutcliffe, 2006).  This integrative model assumes 

that executives engage in mindful information processing, in which they actively 

analyze, categorize, and make distinctions in information (Krieger, 2005).  

Finally, the original upper echelons model is based on a theory of choice, 

yet this integrative model is based on a theory of attention. The upper echelons 

theory can explain why certain CEOs may emphasize on innovation or prefer one 

type of innovation over another; yet it falls short in explaining the subsequent 

effectiveness of their strategic choice. This integrative model, in contrast, is 

concerned with executive effectiveness on technological innovation. More 

specifically, this model investigates how a CEO’s allocation of scarce attentional 

resources can influence the volume of innovation output, an organization’s 

approaches to knowledge and innovation, and the quality of an organization’s 

innovation. A focus on CEOs’ attention allows researchers to gain more insights 

into the CEOs’ decision making, as March (1994:10) noted: “…t[T]eories of 
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decision-making are often better described as theories of attention or search than 

as theory of choice.”  

In the following paragraphs, each of the constructs in the model will be 

delineated, and hypotheses will be developed. 

3.2 CEO Characteristics and Managerial Attention 

A CEO’s attention can be driven by a wide array of factors, such as the 

composition of top management team (Cho & Hambrick, 2006), experience 

(Nadkarni & Barr, 2008), prior attention (Eggers & Kaplan, 2009), organizational 

goals (March & Shapira, 1987), and logics of action (Thornton & Ocasio, 1999). 

This research specifically focuses on CEO characteristics as determinants of their 

attention patterns, because individual differences are the primary influence of 

cognition and attention.  

3.2.1 CEO age 

It has been shown that the age of CEOs reflects the cognitive ability and 

risk preferences of CEOs. Psychology research has shown that aging may cause 

certain mental abilities, such as learning and memory to decrease (Burke & Light, 

1981); thus it can be harder for older managers to attend to an overload of 

information. Research in the field of cognitive psychology has generally shown 

that aging reduces attention capability. In an early influential study, Stankov 

(1988) investigated the relationships among aging, attention, and intelligence; he 

found that age is negatively related to all attention abilities. More recently, 

Commodari and Guarnera (2008) examined the effect of aging on various 
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cognitive functions and concluded that aging can significantly reduce attention 

efficiency. They show that subjects over 60 years of age were slower to process 

complex tasks and had a reduced capacity to inhibit irrelevant stimuli. Therefore, 

it appears as managers grow older, it is harder for them to process the vast amount 

of information in their environments because of a reduced attention capability; 

thus it generally suggests that their breadth of attention will be reduced.  

 

Hypothesis 1: Older CEOs have lower attention breadth. 

 

3.2.2 CEO tenure  

Upper echelons research generally demonstrates that executives’ 

commitment to an organization increases as their time in office advances. 

Hambrick and Fukutomi (1991) argued that CEOs tend to commit psychologically 

to whatever approach has been most comfortable and effective. The longer they 

serve as the chief executive, the more committed they are to their own paradigms, 

and they become less open-minded to explore alternative options. Similarly, 

Miller (1991) showed that CEOs grow stale in the saddle, that is, CEOs become 

increasingly resistant to change as they advance in tenure. When CEOs are too 

committed to an organization, this restricts their search and consideration of 

multiple courses of action, since they are increasingly committed to the status quo 

as their tenure advances (Hambrick, Geletkanycz, & Fredrickson, 1993). 

Although agency theory assumes that managers are generally risk-averse (Jensen 

& Meckling, 1976), behavioral decision theory posits that managers’ risk 
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propensity is context-dependent (Kahneman & Tversky, 1979; March & Shapira, 

1987; Sitkin & Pablo, 1992). A CEO’s risk propensity does not stay constant but 

it changes as the job tenure increases. As their tenure advances, CEOs build up 

considerable human capital, and strategic risk seeking such as innovation can pose 

a threat to the CEOs’ capital (Simsek, 2007). CEOs move from the “domain of 

loss” to “domain of gains” as their time in office advances. In accordance with 

prospect theory (Kahneman & Tversky, 1979) which posits that people place a 

higher value on avoiding loss than on pursuing additional gain, long-serving 

CEOs are risk-averse become they are in the domain of gains and the risk of 

losing what they already possess is greater than the risk of gaining additional 

benefits. Therefore, as their tenures increase, CEOs become more risk-averse, 

they focus more on maintaining the status quo, and resist investments in the future.  

 

Hypothesis 2: CEOs with longer tenure have weaker future 

attention focus. 

 

 The tenure of CEOs not only influences their temporal orientation (focus 

of attention on current status quo versus future), but also their spatial orientation 

(focus of attention in information within an organization versus outside). As 

CEOs tenure advances, sources of information for CEOs become increasingly 

narrow and restricted. This occurs as a result of habituation, the establishment of 

informational routines, the cultivation of trusted sources, and the tendency for 

those sources to cater to the executive’s information preferences (Finkelstein, 
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Hambrick, & Cannella, 2008). For example, Aguilar (1967) found that new 

general managers tended to rely equally on both external and internal sources of 

information; however as their tenure increases, they started to develop a tendency 

to depend more on internal networks and reduce their use of external network. 

More recently, McDonald and Westphal (2003) found that longer tenure CEOs 

tend to seek less advice from top managers at other companies and thus stick to 

their own counsel. Therefore, long-tenured CEOs are expected to have a stronger 

internal focus whereas short-tenured CEOs allocate more attention to external 

issues. 

 

Hypothesis 3: CEOs with longer tenure have stronger internal 

attention focus. 

 

3.2.3 CEO education  

Management research suggests that the education received by top 

executives can be reflected in the characteristics of their organizations. Two 

aspects of education have the greatest influence - the amount of formal education 

and the specific field of study. The amount of formal education is associated with 

cognitive complexity or the ability to discern patterns and distinguish among 

objects (Wally & Baum, 1994). However, the amount of formal education has not 

been theorized to have any apparent relationship with an individual’s attention 

focus. Instead of the amount of education, prior research suggests that fields of 

study have a more prominent impact on executive’s cognition. Individuals with 
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certain dispositions, aptitudes, and cognitive styles tend to pursue a certain 

compatible field of study; educational curricula differ in the influences they exert 

on individuals (Hitt & Tyler, 1991). These two mechanisms together suggest that 

the field of study received by CEOs reflects their cognitive bias and thus 

ultimately influence their attention perspective. Executives who received formal 

business education, particularly MBA studies, behave differently from those 

without MBA degrees. Generally, prior research suggests that formal education in 

business is associated with strategies that are responsive to clear-cut trends in the 

environment but that are conformist and tightly controlled (Finkelstein, Hambrick, 

& Cannella, 2008). The reason for this pattern is that individuals who enroll in 

MBA programs are generally risk-averse and conventional; and the MBA 

curricula further reinforce and enhance risk-aversion and mainstream mind-sets 

(Useem & Karabel, 1986). Similarly, Hambrick and Mason (1984) argued that the 

analytic techniques learned in an MBA program are geared toward avoiding big 

losses or mistakes, and that executives trained in the program tend to be 

organizers and rationalizers, and they are more likely to conform to the industry 

norms. Barker and Mueller (2002) reported that companies with more MBA 

executives spent less on R&D than did other firms, thus suggesting that they are 

less willing to make long-term investments. This same pattern could easily be 

applied toward legal education, which also places little emphasis on innovation. 

In contrast, executives with formal educational training in science and 

engineering tend to have a more complete understanding of the technological 

advancements and thus are more comfortable pursuing innovation. As such, they 
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are more open-minded and they tend to depart from the industry norms and pay 

attention to different elements. Tyler and Steensma (1998) reported that 

executives with a technical education perceive greater opportunity in potential 

technical alliances than those without such education, suggesting that executives 

with technical education are willing to invest in new technologies that will bring 

long-term firm values. In a similar vein, research indicates that CEOs with a 

science education show a higher commitment to long term technological 

investments (Barker & Mueller, 2002; Sundaramurthy, Pukthuanthong, & Kor, 

2014). Therefore, CEOs with either a science or engineering background are 

expected to have stronger future focus. 

 

Hypothesis 4: CEOs with business and legal degrees have weaker 

future attention focus; CEOs with science and engineering degrees 

have a stronger future attention focus. 

 

3.2.4 CEO functional background 

Management researchers have long been interested in discussing the 

influence of an executive’s functional background. Even though many executives 

have significant experiences in multiple functions, they typically spend the greater 

part of their careers in one primary function. It is reasonable and intuitive to 

expect that an executive’s functional experiences influence their attentional 

emphases. First, executives may self-select to functional areas that match their 

personalities, dispositions, and aptitudes. Thus, executives in different functional 
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areas already have different attentional perspectives and values from the start of 

their career. Then, as their career advances, they accumulate more knowledge and 

become increasingly socialized and inculcated with the mentality and thinking 

pattern that is shared in that particular functional area, reinforcing their initial 

psychological and cognitive biases (Blau & McKinley, 1979). Third, even if they 

operate outside their primary functional areas, executive’s past learning has 

reinforced their cognitive biases, and they tend to gravitate toward perceiving 

problems in a familiar terms, generating and preferring familiar solutions (March 

& Simon, 1958).  

Executives’ cognitive biases formed in their career will affect their 

attention pattern as well. Dearborn and Simon (1958) argued that managers in 

different functional areas would attend to certain information in a complex 

business situation and to interpret that information in terms that suit their 

functional expertise. To test this proposition, they had middle managers read 

business cases and ask the managers to identify the most important issues facing 

the company. As the researchers expected, the managers tended to gravitate 

toward interpretation that mirrored their functional expertise. Later, an extension 

of this study reported a consistent pattern. More specifically, the authors found 

that functional backgrounds were not related to the issues that the subjects 

attended to, but they were related to the issues that the subjects did not attend to 

(Beyer et al., 1997). This evidence suggests that executives tend to pay more 

attention to the problems that align with their functional training. In the current 

literature, functional experiences are often classified into two categories - output 
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functions and throughput functions. The output functions include R&D, 

engineering, sales, and marketing; throughput functions include accounting, 

finance, production, administration, and legal counsel. CEOs with output 

functions career experience are likely to pay more attention to 

external/environmental objects since they are more familiar with new technology 

and are more forward-thinking. In a similar manner, they are also more willing to 

take risks and to take new initiatives to change the status quo. In contrast, CEOs 

with throughput functions experience tend to pay more attention to 

internal/organizational stimuli. Several prior studies have evidence to support this 

line of reasoning. Chaganti and Sambharya (1987) compared top executives’ 

characteristics among firms with different strategic orientation, and they found 

that Prospector firms had proportionately more executives with marketing and 

R&D backgrounds and fewer with finance backgrounds. Consistently, Thomas et 

al. (1991) reported that a majority of CEOs in Prospector companies had 

experience in output-oriented functions. More recently, Barker and Mueller (2002) 

found that CEOs with output function experience were positively related to R&D 

spending. The above reasoning and evidence leads to the following hypothesis: 

 

Hypothesis 5: CEOs with backgrounds in output functions 

(R&D/engineering, sales/marketing) have stronger external 

attention focus; whereas CEOs with backgrounds in throughput 

functions (accounting, finance, administration, production) have 

stronger internal attention focus. 
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In modern organizations, it is very common for executives to rotate 

between different functions. Before they are promoted to CEOs, managers may 

have worked in multiple functions. When managers switch from their primary 

function to unfamiliar functions, it broadens their knowledge base and increases 

their perceptual lenses. Even though their primary function still determines their 

fundamental mental mode, a diverse experience will be complementary to their 

primary cognition base and make them attend to broader scope of stimuli. Thus, 

managers who have experience in multiple functions tend to have broader 

attention foci. 

 

Hypothesis 6: CEOs with diverse functional backgrounds have 

higher attention breadth. 

 

3.2.5 CEO origin 

The origin of CEOs in this study refers to whether a CEO is hired from 

outside the firm, or promoted from within the firm and whether a CEO previously 

works in a different industry. Over the last few decades, the history of CEOs has 

received considerable attention from strategy researchers. Generally, theories 

argue that outside CEOs and inside CEOs bring different knowledge and skills to 

the firm (Harris & Helfat, 1997; Zhang & Rajagopalan, 2003). Inside CEOs have 

accumulated firm-specific knowledge during their experience in the focal firm; 

outside CEOs bring relatively novel ideas and skills. These different sets of 
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knowledge and skills then change their ability to formulate and implement 

strategic changes (Zhang & Rajagopalan, 2010). Though inside CEOs possess 

firm-specific knowledge that are useful in terms of implementing the strategic 

changes, they might concentrate highly on the existing knowledge-base of the 

firm and develop “blinds spots” or holes in their knowledge structures (Wu, 2014). 

The focus of attention on firm-specific knowledge may lead CEOs to be blind to 

new opportunities and knowledge, as is suggested by Leonard-Barton (1992). In 

contrast, outside CEOs bring in new knowledge and skills that may be unfamiliar 

or distant to the focal firm. Being exposed to unfamiliar and new information and 

knowledge in the focal firm, outside CEOs attention is stimulated. When they 

combine and integrate these different information and knowledge, it could lead 

them to depart from their previous paradigm and cause them to attend to new 

issues.  

The other aspect of a CEO’s history of career pertains to the cross- 

industry experience of CEOs. Cross-industry moves at the CEO level are not an 

uncommon phenomenon (Zhang & Rajagopalan, 2003). In a study of CEO 

successions in U.S. companies between 1969 and 1989, Parrino (1997) found that 

18.1% of forced departures of CEOs are replaced by executives from other 

industries, and his findings suggested that firms prefer to hire CEOs from other 

industries to obtain specific skills. Executives from outside-industry present 

different opportunities to the focal firm. Outside-industry CEO succession can 

“fundamentally alter the knowledge, skills and interaction processes of the senior 

management teams” (Virany, Tushman, & Romanelli, 1992). Such outside-
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industry succession may enable the focal firm to be exposed to novel strategies, 

innovative technologies, and new markets (Howard, 2001). From the perspective 

of these outside-industry CEOs, they bring in a novel set of knowledge and skills 

and they are less likely to focus their attention on the common issues that the 

insiders attend to. Because of their origin, they are more likely to attend to a 

different set of issues in their environment.  

 

Hypothesis 7: Outside-industry CEOs have greater attention 

heterogeneity. 

 

3.3 Managerial Attention and Technological Innovation 

The strategy formulation perspective (Andrews, 1971; Hamel & Prahalad, 

2005; Prahalad & Bettis, 1986) posit that top management of the firm form 

corporate strategies in a top-down fashion. Although managerial attention has not 

been discussed explicitly in this strategy formulation perspective, the theoretical 

arguments imply that top managers shapes organization’s strategy and focus 

through the focus of their attention (Ocasio & Joseph, 2005). A CEO’s attentional 

perspective is theorized to influence a firm’s technological innovation through 

multiple mechanisms.  

According to strategic choice perspective (Child, 1972), top managers can 

directly alter the organization trajectory by intentionally making and 

implementing their strategic choices. Managers go through a tripartite information 

process sequence that involves attention, interpretation, and action (Daft & Weick, 
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1984). Attention is the first step of this process, which is the input of information 

through manager’s perceptual lenses. Then, this information undergoes the 

interpretation of managers who give it structure and meaning. Finally, managers 

make decisions based on their interpretations, and implement actions. This 

research focuses on the influence of the first step – the attention mechanisms that 

take information in. As the primary decision makers in organizations, CEOs can 

influence various aspects of innovation processes and outcomes. What CEOs do 

depends on what information they attend to (Ocasio, 1997). CEOs select among 

alternative organizational moves depending on which issues and answers they 

attend to. This research proposes that CEOs’ attentional perspective is related to 

their firm’s innovation productivity, innovation approach, and innovation quality. 

In the following sections, each of this relationship will be delineated.  

Alternatively, according to the attention-based view of the firm, top 

managers can also shape the organization’s routines, foci, and outcomes. Top 

managers are embedded in the organization communication channels and their 

attention can also regulate the attention of organization subunits and members. As 

the key decision makers, top managers are the most critical player in attention 

regulation (Ocasio, 1997), and their decision making is guided by selective 

attention to organizational issues and initiatives (Ocasio & Joseph, 2005). Top 

managers communicate and make critical decisions regarding resource allocation 

through a firm’s operational and governance channels, and corporate strategy 

emerges from the pattern of organizational attention embedded in the 

interconnecting networks of concrete operational and governance channels at both 
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the corporate and sub-units levels. CEOs shape the organization’s attention 

through various formal and informal channels, such as board of directors meetings, 

executive meetings, financial performance reviews, employee evaluations, and 

communicating organization events through emails and so on. Therefore, the 

attentional biases of CEOs can change the organization’s agenda and focus. In the 

following section, relationships between a CEO’s attentional perspective and 

different aspects of technological innovation are delineated. 

3.3.1 CEO attention breadth and innovation productivity 

A key logic in innovation research is that the production of innovation is 

determined by the search and identification of new knowledge and information 

(Katila & Ahuja, 2002; March, 1991). Top managers play a critical role in this 

search process. The environmental stimuli they attend to directly influences the 

acquisition of new knowledge and information, and the stimuli influences the 

subsequent innovation activities and outputs (Li et al., 2013).  

CEOs having broader attention are more likely to capture unfamiliar, 

distant, and diverse information, which helps them to broaden their knowledge 

and gain insights into the detection and development of innovations. Successful 

innovation builds on diverse sources of ideas, technologies, and knowledge; 

therefore, firms can improve the likelihood of successful innovation by searching 

broadly in a large number of knowledge sources (Leiponen & Helfat, 2010). 

Therefore, a positive relationship between attention breadth and innovation 

productivity is expected. However, when a CEO’s attention is too broad, it could 

have negative impact on innovation productivity. Search is costly and it requires 
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managers to attend to and cognitively process diverse sources of information. 

Though diverse sources of information are positive for innovation, eventually the 

firm will reach a point at which broad search and diverse information will actually 

diminish the innovation returns (Love, Roper, & Vahter, 2014). This proposition 

is supported by the findings of Laursen and Salter (2006), whereby they found 

that breadth and depth of search is curvilinearly related to innovation performance. 

A CEO’s attention is always in short supply, and information-processing requires 

a constant level of cognitive engagement, which is volatile (Bouquet, Morrison, & 

Birkinshaw, 2009). When CEOs pay attention to a wide range of diverse 

information, it requires a lot of effort and time in the subsequent processing and 

interpretation of the information. Due to the limited processing capacity of CEOs, 

the information overload may hinder them to give meaning and structure to the 

information. They may only scratch the surface of the information without a deep 

understanding of it, or they give the wrong interpretation. Moreover, information 

overload may cause managers psychological health problems such as anxiety, 

cognitive fatigue, and stress, which further hinders their interpretation and 

decision-making. Thus, the positive effects of a CEO’s attention breadth may 

decrease or even become negative under excessive broad attention focus. 

Therefore, the relationship between a CEO’s attention breadth and innovation 

productivity is expected to be curvilinear: 

 

Hypothesis 8: A CEO’s attention breadth has a curvilinear 

relationship (inverted U-shaped) with innovation productivity. 
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Hypothesis 9: A CEO’s attention breadth has a curvilinear 

relationship (inverted U-shaped) with the number of breakthrough 

innovations. 

 

3.3.2 CEO attention focus and innovation approach 

CEOs’ attention foci can determine what information they emphasize. The 

biases in attentional perspective determine the information CEOs allocate most of 

their attentional resource to, and subsequent decision making. Because of limited 

and scarce attentional resources, CEOs are forced to allocate time and effort with 

either the status quo or future events. CEOs that have strong forward-looking 

attentional perspective devote a substantial amount of attention to events that are 

yet to occur (Chandy & Tellis, 1998; Yadav et al., 2007). This conceptualization 

of future focus does not impose any specific nature of future events; it simply 

reflects the temporal orientation of CEOs. Psychology research suggests that 

people vary in the levels of tendency to focus on the future (Karniol & Ross, 1996; 

Norem & Shaun, 1993). Thus, CEOs are expected to exhibit heterogeneous 

attention foci on actions and events that have yet to occur.   

A CEO’s attention to the future has a positive impact on a firm’s 

innovation productivity. Research has shown that firms led by forward-looking 

top managements are more able to overcome inertial tendencies (Hannan & 

Freeman, 1984) and core rigidities (Leonard-Barton, 1992). When CEOs have a 

stronger future focus, they are likely to have weaker commitment to the status quo 



50 

  

 

 

  

(CSQ). CSQ is a cognitive component of strategic rigidity and has important 

implications for organizational change and long-term success (McClelland, Liang, 

& Barker, 2010). Research has generally suggested that top management’s CSQ 

has unfavorable influence over organizational change and innovation. When 

CEOs have stronger focus for the future, they are expected to challenge the status 

quo, rather than spending time and effort to the enduring correctness of current 

policies and profiles. Challenging the status quo is the catalyst that makes CEOs 

think differently and bring forth new ideas (Dyer, Gregersen, & Christensen, 

2011). Further, CEOs with greater focus on the future are less prone to managerial 

short-termism, but they use their discretion to invest more research and 

development and innovation that can create long-term values for the firm. Finally, 

CEOs with stronger focus on the future are likely to have more awareness of 

technological and market changes, which lead them to the quicker detection of 

new opportunities (Yadav et al., 2007). To summarize, a positive relationship 

between CEO future focus and innovation productivity is expected:  

 

Hypothesis 10: A CEO’s future attention focus is positively related 

to innovation productivity.  

 

Cognition of top managers may influence the organization’s tendency to 

explore versus exploit (Lavie, Stettner, & Tushman, 2010). Attention foci of 

CEOs regulate the emphases of organizational learning and search. Both a CEO’s 

external and internal attention focus will also influence the way CEOs use their 
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discretion to strategic planning and subsequent innovation activities. CEOs having 

stronger external focus devote more attention to issues outside the firm; whereas, 

CEOs having stronger internal focus allocate more attention to issues within firm. 

The distinction between external and internal focus implies that CEOs exercise 

their discretion in terms of their attentional perspectives. As Daft and Weick 

(1984) suggested, firms can be viewed as interpretation systems, and a manager’s 

attentional differences affect managerial and organizational cognitions, which 

influence the formulation and implementation of strategic actions. Empirical 

evidence has demonstrated that a manager’s emphasis on either the external or the 

internal environment can shape organizational actions and performance (Garg, 

Walters, & Priem, 2003; Rust, Moorman, & Dickson, 2002; Thomas, Clark, & 

Gioia, 1993). In this study, a CEO’s external or internal focus can be expected to 

influence the emphasis of a firm’s innovation approach, thus leading to a different 

emphasis: exploration or exploitation. 

CEOs influence the direction of a firm’s innovation through the search 

mechanism. Search is defined as the controlled and proactive process of attending 

to, examining, and evaluating new knowledge and information (Li et al., 2013). 

The search behavior is idiosyncratic across firms, and it varies in degree between 

exploiting existing knowledge and exploring new knowledge outsides a firm’s 

boundary (Gupta, Smith, & Shalley, 2006). March (1991) distinguished between 

exploration and exploitation as two distinct organizational search modes. 

Exploration requires distant search and a departure from the firm’s current skills 

and abilities. On the contrary, exploitation leverages a firm’s existing knowledge. 
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As key strategic decision makers, CEOs are directly involved in the innovation 

process. When CEOs search, they allocate their limited attentional resources to 

certain aspects of their environment and ignore others (Li et al., 2013). CEO’s 

preferences in their spatial orientation directly influence their search selection, 

and, subsequently, their search selection will determine what information is 

available for them to process. When CEOs have greater external focus, they are 

more likely to engage in distant search that will result in more exploratory 

innovations. Rosenkopf and Nerkar (2001) argued that searches crossing 

organizational boundaries have a positive influence on innovative output. On the 

other hand, CEOs with a greater internal focus may facilitate innovation relying 

on the firm’s existing knowledge and capabilities, and thus spawn more 

exploitative innovations. 

 

Hypothesis 11: A CEO’s external attention focus is positively 

related to exploratory innovation; whereas a CEO’s internal 

attention focus is positively related to exploitative innovation. 

 

3.3.3 CEO attention heterogeneity and innovation quality 

Innovations differ in terms of their technological importance. Some 

innovations are incremental and they build upon the existing knowledge and 

technology, but they add refinements or corrections to prior innovations. Other 

innovations are radical; they depart significantly from existing ones and bring 

about breakthrough technological advancements. Even though the differentiation 
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between incremental and radical innovations can be subjective, innovations differ 

in terms of their radicalness. Breakthrough innovations require that knowledge 

from different domains be combined 

When CEOs’ attention is highly homogeneous with the common body of 

knowledge, it is easy for them to fall in a “competence-trap” (Leonard-Barton, 

1992; Michael & Palandjian, 2004) and this hinders their firms’ development of 

innovations, which can have a higher quality and greater impact. When firms 

strongly and exclusively focus on the industry traditions and norms, they try to 

develop new products and designs whiling following the common knowledge of 

the industry, and they will be less likely to generate breakthrough innovations 

because of searching in this familiar domain. On the contrary, when firms’ 

attention departs from the existing industry shared knowledge and pay attention to 

somewhat different stimuli, they search in the unfamiliar domains. It is more 

likely for them to discover new opportunities for innovation. Moreover, the 

combination of knowledge from different domains may spur highly innovative 

designs or products.   

However, excessive departure from industry-shared knowledge could pose 

harm to a firm’s innovation effectiveness. When firms depart too far from 

industry knowledge and search in distant and unfamiliar domains, they do not 

have deep and comprehensive understanding of the industry-specific knowledge. 

Such firms search for opportunities that are outside of their familiar domains 

extensively. They may discover new knowledge, but it would be difficult for them 

to combine that with existing shared knowledge gained from the industry and 
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produce truly useful and innovative products or designs. Therefore, the 

relationship between a CEO’s attention heterogeneity and the development of 

influential innovation is curvilinear. When a CEO’s attention is moderately 

heterogeneous from their competitors, it increases the likelihood of producing 

more radical and influential innovations. However, excessive departure from 

shared-knowledge base decreases this likelihood. Therefore, the relationship 

between a CEO’s attention heterogeneity and breakthrough innovation is expected 

to be curvilinear:  

 

Hypothesis 12: A CEO’s attention heterogeneity has a curvilinear 

relationship (inverted U-shaped) with the number of breakthrough 

innovations. 

 

3.4 Summary of Research Model and Hypotheses 

A complete diagram of all hypotheses is presented in Figure 3.2. As is 

shown in this figure, some of the relationships among variables are not expected 

to exist. For example, a CEO’s age is not hypothesized to have a relationship with 

internal or external attention focus. Aging cause general attention capacity to 

decline and reduces a CEO’s ability to attend to a broad spectrum of information; 

thus, age is proposed to only influence the breadth of attention but it is not 

proposed to influence the focus of attention. The theoretical arguments for the 

non-existence of relationships among the variables are summarized in Table 3.1. 
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CHAPTER 4: METHODS 

This chapter describes the empirical context of this dissertation. It includes 

three sections. The first section describes the sample and the sampling procedure. 

The second section delineates the operationalization and measurements of all 

variables. Finally, the last section specifies the statistical model estimation 

procedures. 

4.1 Empirical Setting - Software and IT Services Industry 

The empirical setting is the U.S. Software and Information Technology 

Services industry. This dissertation investigates how CEOs affect firm innovation 

through their attentional perspective. An ideal sample should be from a 

technology industry in which technological innovation is critical for firm survival 

and performance. Environmental attributes are vastly different across industries, 

and top managers in different industries are likely to have very different 

attentional foci and cognitions. Thus, it would be very difficult to compare 

managers’ attentional perspective across industries. Moreover, since this research 

focuses on the heterogeneous attentional perspectives of managers facing the 

same set of environmental stimuli, a single industry setting is preferred.  

Second, since this research examines how managers’ attentional 

perspectives evolve and change over time, a panel-data design is preferred. 

However, historical archive of letters to shareholders and other company 
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documents are hard to collect. Therefore, a preferred industry should be a 

relatively new industry that is composed of young firms whose data is accessible 

through various data sources. According to these requirements, the North America 

software and IT services industry was chosen as the focal industry of study. The 

software and IT services industry offers a unique environment that meets the 

above conditions. This industry is a very dynamic and technology-intense 

industry and it is a relatively young industry. Research and development is critical 

and the central activities to these firms and top executives are heavily involved in 

the innovation processes. The unique characteristics of software and the IT 

services industry are a good match with the research questions.  

4.1.1 Prior Studies on Software and IT services industry 

 Due to its unique industry characteristics, the software and IT services 

industry has been widely used in empirical studies that study technological 

innovation. Three relevant studies are briefly summarized below. 

 Matusik (2002) examined the roles of public and private knowledge in a 

firm’s innovation output. Drawing from knowledge spillovers (Jaffe, 1986) and 

absorptive capacity (Cohen & Levinthal, 1990), the study argues that a firm’s 

ability to access and utilize external public knowledge positively influence 

innovation output. The study used the software industry as empirical setting and 

showed that the use of public knowledge improve innovation effectiveness.  

 Latham & Braun (2009) studied managers’ reliance on innovation as a 

solution to organizational decline. Building from agency (Jensen & Meckling, 

1976) and behavioral agency theory (Wiseman & Gomez-Mejia, 1998), they 
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theorized how managers’ personal risk profiles affect their investments in 

innovation in early 2000s, a time when the software industry experienced a 

substantial downtown. Their results showed that top managers with greater 

ownership are less willing to invest in innovation when their firms experience 

poor performance.  

 Zahavi and Lavie (2013) studied how intra-industry product diversity 

affects firm performance in the software industry. They conjectured that a firm 

that invests extensively in research and development can further strengthen the 

positive effects of product diversification on firm performance. Their findings 

show that intra-industry product diversity of software firms has a U-shaped effect 

on firm performance and this relationship becomes more pronounced as the firm 

increases the intensity of its technology investment.  

4.1.2 Sampling Procedure 

Initial sample of firms were drawn from the COMPUSTAT database. The 

software and IT services industry corresponds to the industry group 7370 in the 

Standard Industrial Classification (SIC) System. All firms with SIC in the three-

digit 737 level that have data available through COMPUSTAT were drawn. Then 

these firms were filtered through a set of criteria. First, only non-diversified firms 

were retained. Strategy studies have shown that it is important to select non-

diversified firms because industry characteristics greatly influence managerial 

cognition (Nadkarni & Barr, 2008). Therefore, firms with at least 70 percent of 

their sales revenues (Rumelt, 1974) from their primary industry segment for the 

entire time period of the study were retained. Second, variation in attention 
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patterns can result from maturation of firms rather than from the variation of a 

manager’s characteristics. Therefore, only firms that are at least five years old are 

retained, because they are adequately mature (Baron & Bielby, 1980). Finally, 

firms with zero R&D expense or missing R&D expense have been eliminated 

from the sample. Firms with no R&D expense do not actively engage in any 

research and development and innovative activities, thus they are not are the 

primary focus of this study and should be excluded. After this initial screening 

procedure, a total of 1,036 firms were retained in the sample. 

The sample time frame is from 2002 to 2009. The starting year is set at 

2002 because the market crisis in the late 1990s and early 2000s was a huge 

exogenous shock on the economy, especially on the software and IT services 

industry. Therefore, this study avoids this period to minimize the possible 

abnormality in the data. The year ending 2009 was chosen, because it takes three 

to five years to more accurately evaluate the impact of innovations using citation 

data. 

4.2 Variable Measurement 

 In this section variables of the study are discussed. First, the 

operationalization and measures of CEO demographic characteristics are 

described. CEO attention variables (breadth, focus, and heterogeneity) are 

introduced next. Then, the dependent variables (innovation productivity, approach, 

and impact) are introduced, followed by control variables.  
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4.2.1 CEO Characteristics 

CEO age. A CEO’s age is measured by counting the years since a CEO 

was born and it is updated yearly. Specifically, for every year in the dataset, the 

age of the CEO is computed as the birth year of the CEO subtracted from the data 

year (Zhang & Rajagopalan, 2010).  

CEO tenure. A CEO’s tenure is measured as the positional tenure, which 

is the number of years a CEO has formally held this position at the focal firm 

(Luo, Kanuri, & Andrews, 2014; Simsek, 2007). Specifically, for every year the 

positional tenure is computed as the data year subtracting the year a CEO was 

officially appointed. This value of this variable is updated annually. Note that 

some studies measure a CEO’s tenure as the organizational tenure (i.e., the 

number of years since the CEO joined the firm) (McClelland et al., 2010). When a 

CEO is hired from outside of the firm, these two measures would be identical; 

when a CEO is promoted from within the firm, his/her organizational tenure is 

always longer than positional tenure. The choice between these two measures 

should be based on research questions and theoretical arguments. In this research, 

hypotheses and arguments regarding a CEO’s tenure are based on positional 

tenure rather than organizational tenure; thus, it is appropriate to measure a 

CEO’s tenure as the tenure of the position. 

CEO business/law. A CEO’s business/law educational background is 

measured with a dummy variable coded as one if a CEO’s dominant educational 

background is in business or law, and as zero, if the CEO’s dominant educational 

background is not in business or law. 
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CEO science/engineer. Similarly, a CEO’s science/engineering 

educational background is measured with a dummy variable coded as one if a 

CEO’s dominant educational background is in science or engineering, and as zero, 

if the CEO’s dominant educational background is not in science or engineering. 

CEO output. A CEO’s output functional background is measured with a 

dummy variable coded as one if a CEO’s dominant functional background is in 

marketing, sales, R&D, and engineering, and as zero otherwise. The dominant 

functional background is defined as the first functional area in which an executive 

has worked. For all CEOs, the dominant functional areas are coded into six 

categories: finance/accounting, legal, productions/operations, administration/HR, 

marketing/sales, and R&D/engineering. 

CEO throughput. Similarly, a CEO’s throughput functional background is 

measured with a dummy variable coded as one if a CEO’s dominant functional 

background is in finance, accounting, law, production, administration, or human 

resource management, and zero otherwise. 

CEO diverse functions. A CEO’s diversity in functional backgrounds is 

measured as the total number of different functional areas in which a CEO has 

experience. It is very common that an executive may have experience in multiple 

functional areas before being promoted to the chief executive office. Therefore, 

the number of different functional areas reflects the diversity of an executive’s 

career background. 

Outside-industry CEO. A CEO’s outside-industry origin is measured as a 

dummy variable coded as one if a CEO was hired from an outside industry, and 
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zero otherwise. By following prior studies (Harris & Helfat, 1997; Zhang & 

Rajagopalan, 2003), the origin of a new CEO can be classified into three 

categories, intra-firm, intra-industry, and outside-industry. Intra-firm CEOs are 

those executives who have been with the firm for at least two years before being 

promoted to CEO. Similarly, intra-industry CEOs are executives who have been 

with firm for less than two years but with the industry for at least two years in the 

same four-digit industry that the focal firm is in. Finally, outside-industry CEOs 

are executives who have been with an industry for less than two years in the same 

four-digit industry. 

4.2.2 CEO Attention 

Attention is a complex construct, and it cannot be directly observed; thus, 

the measurement of managerial attention presents a major challenge for 

management researchers. Qualitative inferences from interviews or other sources, 

surveys of top managers, and content analysis of company documents are the 

three most widely used approaches to measure managerial cognition and attention. 

Qualitative studies suffer from generalizability and replicability, and they are 

limited to a small number of cases. Surveys of top managers are limited to low 

response rates, and they cannot be used to study past cognitions. Thus, a 

computer-aided text analysis of company documents was used in this study. 

Automated text analysis has been widely used throughout the social sciences for 

measuring human cognitions. The theoretical ground for text analysis is the 

Whorf-Sapir hypothesis that the cognitive categories through which individuals 

attend to are embedded in the words they use (Sapir, 1944; Whorf, 1956).  
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The use of the “CEO Letter to Shareholders” as a source of measuring 

managerial attention is not without criticism. Organization researchers have 

argued that the letters may be prepared by a public relations department and that 

they are used as impression management to please external audiences; thus, they 

do not reflect the CEO’s attention. However, several studies have addressed this 

issue by directly testing the validity of these letters. Abrahamson and Hambrick 

(1997) argued that there is anecdotal evidence that CEOs have taken an active 

role in both writing and editing their letters. Huff and Schwenk (1990) found that 

the managerial attributions patterns in the letters accurately reflect executives’ 

information processing, supporting the claim that the letters constitute valid 

measures of top managers’ cognitions. Further, D’Aveni and MacMillan (1990) 

found that the measures of top managers’ cognitions drawn from the letters were 

highly correlated with measures derived from other types of data. Similarly, Fiol 

(1995) compared the cognitions expressed in letters to shareholders with those in 

internal planning documents and found that non-evaluative statements are 

faithfully reported in letters. More recently, Daly, Pouder, and Kabanoff (2004) 

studied 59 mergers and acquisitions and found that the espoused values, measured 

by text analysis of letters to shareholders, are related to post-merger performance. 

Osborne, Stubbart, and Ramaprasad (2001) found empirical linkages among 

cognitive groups clustered by themes in their letters and strategic groups clustered 

by performance, suggesting the causal effects of managerial attention derived 

from these letters. All of the above evidence suggests that even though the letters 

to shareholders may aim to convey positive impression to target audiences, they 
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still reflect the top managers’ cognitive and attentional structure. The dictionary 

of words is developed by following the procedures recommended by a recent 

study (Short, Broberg, Cogliser, & Brigham, 2010). The Appendix describes a 

detailed step-by-step procedure of the dictionary development. 

CEO attention breadth. The breadth of a CEO’s attention captures the 

diversity of information that the CEO attends to during a given period. In this 

study, the breadth of attention is measured by the diversity of issues a CEO 

mentions in the letter in a given year. This measure was developed following 

these steps. First, the total number of issue categories was determined. Two 

coders independently read a subset of the CEO letters and identify as many issues 

categories as possible until no further categories can be identified. Second, two 

coders compared their lists, integrated similar or redundant categories, and 

compiled a list of categories. After this step, six categories were identified - 

Finance/Accounting, Sales/Marketing, Human Resource, Legal/Regulation, 

Operation/Production, and R&D/Innovation. Third, word lists of all the six 

categories were developed following the guideline given by Short, Broberg, 

Cogliser, and Brigham (2010). Please refer to the Appendix for the specific steps 

that went into developing this dictionary. The complete dictionary is presented in 

Table 4.1. Two indexes of inter-rater reliability index are calculated. The final 

average inter-rater reliability of Holsti (1969)’s index is 0.88; and the average 

inter-rater reliability of Perreault and Leigh (1989)’s index is 0.86. Based on this 

dictionary, each CEO letter was processed by an automatic text analysis 
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software.
6
 The software counts the frequency of each word in the dictionary with 

every CEO letter. Finally, based on the outputs from the software, the breadth of 

attention is derived from the Herfindahl-Hirschman index (Herfindahl, 1950; 

Hirschman, 1964) using this following formula: 

𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝐵𝑟𝑒𝑎𝑑𝑡ℎ =  1/ ∑ 𝑝𝑖
2

𝑛

𝑖=1

 

where pi is the percentage of words in each category and n is the total number of 

categories. This formula produces a score between one and six. The minimum 

score of one happens when a CEO attends to only one category. For example, if a 

CEO letter has 10 words that belong to the same issue category, then p1 = 100% 

and attention breadth is 1/1
2 

= 1. The maximum score of six results when a CEO 

attends to all six categories evenly, that is, same number of words are found in all 

six categories. For example, if a CEO letter has six words with each belonging to 

one of the six issue categories, then p1, p2, p3, p4, p5, p6 are all 1/6, and attention 

breadth is 1/[6*(1/6)
2
] = 6.  

External attention focus. A CEO’s external attention focus refers to 

attention directed toward issues whose primary locus is outside the firm. To 

capture external attention focus, the dictionary that was developed for CEO 

attention breadth domains is used. CEO external attention focus is measured with 

the frequency of words in the following domains: Sales/Marketing, 

R&D/Engineering. Specifically, it is measured as a ratio of frequency of words in 

                                                 
6
 Three different software packages are used - CATScanner, DICTION, and LIWC (Linguistic 

Inquiry and Word Count). This study develops its own specific dictionary and does not use any of 

the built-in dictionaries of these software packages. These software packages are used to count the 

frequency of appearance of words in the dictionary. The outputs from the three software packages 

are consistent. 
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these two categories to the frequency of words in all six categories. Using a ratio 

as the dependent variable violates linear regression assumptions (Greene, 2011). 

To address this, this ratio variable is transformed with the formula: ln[Re/(1-Re)], 

in which Re is the ratio of frequency of words in external categories to frequency 

of words in all categories. This logit transformation is a standard econometric 

procedure to address ratio variables, and it has been employed by management 

researchers (e.g., Benner & Tushman, 2002; Yang, Phelps, & Steensma, 2010). 

Internal attention focus. A CEO’s internal attention focus is the attention 

directed toward issues that arise within the boundary of a firm. Similar to external 

attention focus, it is measured with three steps. First, for each letter, count the 

frequency of words in the internal categories: Finance/Accounting, Manufacturing, 

Legal, and Human Resource. Second, compute the ratio of frequency of words in 

internal categories to frequency of words in all six categories. Finally, perform the 

logit transformation on this ratio with the formula: ln[Ri/(1-Ri)], in which Ri is the 

ratio of frequency of words in internal categories to frequency of words in all 

categories. 

Note that a CEO’s external and internal attention focuses are not the 

opposite ends on a same spectrum, but they are independent of each other. A CEO 

could have a general bias external or internal attention focus, or has equal focus in 

external and internal issues.  

Future attention focus. A CEO’s future attention focus refers to CEO’s 

attention directed at events that have yet to occur. The measure of future focus is 

based on psycholinguistic research (Pennebaker, Mehl, & Niederhoffer, 2003). 
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The psycholinguistic literature suggests that the “type” of words a writer uses 

reflects his or her temporal attention. Pennebaker, Francis, and Booth (2001) 

developed the Linguistic Inquiry and Word Count (LIWC) content analysis 

software, which specifies a set of 48 words that indicate writers’ attention at 

future events. For example, sentences containing the following words are 

indicative of attention directed at future events: “will,” “may,” “might,” “shall.” 

(Pennebaker et al., 2001). This dictionary for CEO future focus has been validated 

for more than 24,000 writers and speakers during the past 25 years, and it has 

been used in management studies (Nadkarni & Chen, 2014). The complete 

dictionary for a CEO’s future attention focus is presented in Table 4.2. The 

measure of future attention focus is generated following three steps. First, for each 

CEO letter, count the frequency of future attention words. Second, compute the 

ratio of frequency of future attention words to the total number of words in the 

letter. Finally, perform the logit transformation on this ratio with the formula: 

ln[Rf/(1-Rf)], in which Rf is the ratio of frequency of future attention words to total 

number of words in a CEO letter. 

CEO attention heterogeneity. A CEO’s attention heterogeneity refers to 

the extent to which a CEO’s attention departs from the shared-knowledge of their 

peers in the industry. Based on this concept, the measure of attention 

heterogeneity is adopted from Abrahamson and Hambrick (1997). Based upon the 

socio-linguistic research, Abrahamson and Hambrick (1997) developed two 

measures of managerial attention - Lexical Commonality and Lexical Density. 

Lexical commonality is an established measure used in socio-linguistic literature 
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that captures the degree of commonly used words across a set of documents. In 

the context of this study, it refers to the commonality of a CEO’s attention to that 

of their competitors. A CEO who attends more intensely to more issues attended 

to by their peers will receive a higher score in lexical commonality. Therefore, the 

inverse of lexical commonality captures the departure of a CEO’s attention from 

the shared-knowledge of their competitors. Lexical commonality is calculated in 

three steps: a) the percentage of all letters that use a word determines the word’s 

commonality; b) the number of times each word is used in one letter is multiplied 

by the word’s commonality; c) the sum of all such calculations for each word in 

each letter produces the letter’s commonality. The formula of lexical 

commonality is: 

𝐿𝑒𝑥𝑖𝑐𝑎𝑙 𝑐𝑜𝑚𝑚𝑜𝑛𝑎𝑙𝑖𝑡𝑦 =
∑ 𝐹𝑖 × 𝑄𝑖

𝑛
𝑖=1

∑ 𝐹𝑖
𝑛
𝑖=1

 

where Fi is the frequency of appearance word i in one CEO letter; Qi is the 

percentage of CEO letters that also used the word i; n is the total number of words 

in one CEO letter. This will give us the lexical commonality score of one CEO 

letter in a given year. Abrahamson and Hambrick’s (1997)’s example of a simple 

lexical commonality illustration is reproduced in Table 4.3. 

 The measure of CEO attention heterogeneity is generated through a 

customized computer program written in Perl. First, this program reads all the 

CEO letters in the focal industry (in year 2002) into its memory and then counts 

the frequency of every non-numeric word in each letter. Second, based on the 

word frequency in each letter, the program then calculates the word commonality. 

Finally, based on each word’s frequency and commonality, the program calculates 
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the letter’s lexical commonality score. Then, this program proceeds to the next 

sample year and repeat the calculation of lexical commonality for each CEO letter, 

until it finishes the calculation for year 2009, which is the last sample year. 

Finally, the inverse of a letter’s commonality score is used as the measure for 

attention heterogeneity. 

4.2.3 Technological Innovation 

In this dissertation, three aspects of innovation are measured – overall 

innovation productivity, innovation approach, and innovation impact. The 

measures for these three dimensions are all derived from patents. Patents reflect 

the creation of knowledge that (a) is novel and not anticipated by the current state 

of practice in an industry; (b) can potentially provide some economic value if 

implemented; and (c) is not an obvious or commonly understood or used process 

or product (Wu et al., 2005). Patents have been widely adopted in innovation 

research as a metric for technological innovation, and they offer several 

advantages. First, patents are directly related to inventiveness (Ahuja & Katila, 

2001), because they are granted only when they have non-obvious improvements 

or solutions with discernible utility (Walker, 1995). Second, patents represent an 

externally validated measure of technological novelty (Griliches, 1990). Third, 

patents have also been found to be correlated well with other indicators of 

innovative output, such as new products (Artz, Norman, Hatfield, & Cardinal, 

2010; Comanor & Scherer, 1969), innovation counts (Achilladelis, Schwarzkopf, 

& Cines, 1987), and expert ratings of corporate technological strength (Narin, 
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Noma, & Perry, 1987). To summarize, patents provide a validated measure 

of a firm’s technological activities. 

Further, the other advantage of using patents is that they provide a 

consistent source and quantitative way to measure a firm’s technological 

innovation activities. Data on a firm’s research and development activities is 

difficult to collect because they usually are not public and sometimes impossible 

to obtain (Cohen, 1995). Patents data, however, is publicly available and 

published yearly by the U.S. Patent and Trademark Office. Thus, patents data is 

an objective and cost-efficient source of longitudinal measurements of companies’ 

innovation activities. Moreover, patent data includes more details of the 

innovation process. Each patent document has information on how, when, where 

and by whom that patent is created as well as the details of the idea. Therefore, it 

is rich data that allows researchers to investigate more characteristics of 

companies’ innovation activities. 

However, using patents as a measure of technological innovation also has 

drawbacks. First, not all innovations or inventions are patentable; thus, the 

patenting frequency does not capture all the innovation of a firm and patents are 

likely to be a conservative measure of R&D activities. Second, patented 

innovation differs greatly in economic value (Cohen & Levin, 1989). Even though 

firms patent their new designs and inventions, most patents are never 

commercialized or utilized to generate values for a firm (Austin, 1993; Katila, 

2000). These problems vary significantly across industries; therefore limiting the 

study to a single industry setting can minimize such problems because the factors 



70 

  

 

 

  

affecting patenting propensity are stable within the single industry (Ahuja & 

Katila, 2001). The patent data will be obtained from the database provided by 

United States Patents and Trademark Office (USPTO).  

Below, the specific construction of measures on productivity, approach, 

and impact are described. 

Innovation productivity. In this study, the number of successful patent 

applications by a firm in a given year is used as a proxy for a firm’s innovation 

productivity. This study only includes granted patents because the not-granted 

patents are not considered as successful innovations. There is a time lag (2.8 years 

on average) between when a patent application is filed and when the patent is 

granted (Popp, Juhl, & Johnson, 2004). Therefore, this study uses the patent 

application year rather than the patent granted year because the application year is 

more proximal to a firm’s innovation activities. Innovation researchers have used 

the raw counts of patents as an indicator for a firm’s overall innovation output. 

Trajtenberg (1990) argued that simple counts of patents are indicator of the 

overall extent of a firm’s innovative activity. Wu and colleagues (2005) argued 

patents provide a “scoreboard” in technology-intense industries and use patent 

counts to benchmark companies’ invention productivity. 

Exploratory innovation. To measure exploratory and exploitative 

innovation, citation data (the prior art that a patent is building upon) contained in 

patents is used to differentiate the two. Backward patent citations are commonly 

used in literature to derive indicators for the search behaviors and approaches to 

innovation (Benner & Tushman, 2002; Katila & Ahuja, 2002). In this dissertation, 
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the measures are developed following the general procedures used in Benner and 

Tushman (2002). Patent abstract has a list of citations to previous patents that the 

current patent builds upon. For each patent, the reference list is examined, and the 

number of familiar citations and new citations are identified and counted. The 

familiar citations include self-citations (firms citing patents that were developed 

by them in prior years) or repeat-citations (citations that have been used during 

the past five years). This measure captures the extent to which a firm’s innovation 

efforts were anchored in its existing knowledge or new knowledge. Exploratory 

innovation refers to the novel knowledge and technology this is distant from an 

existing knowledge base. The most exploratory patents are those that depart 

entirely from a firm’s prior knowledge, that is, a patent with no repeat or self-

citations. This measure of exploratory innovation is consistent with the construct 

definition in the literature (Sørensen & Stuart, 2000). Each patent is classified as 

either exploratory or exploitative according to the percentage of familiar citations 

and new citations. The cut-off point is at 20 percent levels, representing the 

number of patents by year for each firm that constitute 20 percent or less of the 

citations to prior knowledge of the focal firm.  For example, if a patent contains 

less than 20 percent of familiar citation (or equivalently, more than 80 percent of 

new citations), it is classified as an exploratory patent. After each patent is 

classified, then for each year the count of exploratory patents is used as the 

indicator for a firm’s emphasis on using an exploratory approach to innovation. 

Exploitative innovation. Similarly, a firm’s emphasis in exploitation is 

measured with the same approach. Exploitative innovation refers to the improved 
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knowledge and technology base on existing knowledge base. Therefore, an 

extreme exploitative patent has 100 percent of its citations to familiar patents. 

Similarly, this measure is constructed at the 80 percent. For example, if a patent 

contains 80 percent or more familiar citations (or equivalently, 20 percent or less 

new citations), it is classified as an exploitative patent. For each year, the count of 

a firm’s number of exploitative patents is used as the indicator for a firm’s 

emphasis on using exploitative approach to innovation. 

These measures of exploratory and exploitative innovation offer several 

enhancements over prior literature. First, they allow us to construct a picture of 

the extent to which a firm’s innovation each year is more or less anchored in prior 

knowledge from previous innovation efforts. Second, it enables us to investigate 

how a firm’s focus of exploratory innovation and exploitative innovation shifts 

year by year. Third, the measure focuses not only on self-citations as measures of 

exploitative innovation but also repeat citations by a firm. Prior empirical work 

has been largely based only on self-citations as an indicator for exploitation. Yet, 

this measure captures not only the self-citations but also the extent to which a 

firm’s innovation builds upon familiar knowledge it has used in prior innovation 

(Benner & Tushman, 2002). The similar approach has been used in multiple 

studies (Katila & Ahuja, 2002; Leone & Reichstein, 2012; Phelps, 2010). 

Breakthrough innovation. Following the approach by Ahuja and Lampert 

(2001), breakthrough innovation is measured as the number of breakthrough 

patents created by the focal firm. Radical or breakthrough innovation can be 

defined from technology perspective or user and market perspective. In this 
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research, the focus is on the technological importance of an innovation. A 

breakthrough innovation is one that serves as the basis for many subsequent 

technological developments (Trajtenberg, 1990), and the number of citations 

received by a patent reflect its impact. Therefore, each patent is coded as a binary 

variable, where one indicates a breakthrough patent. For each year, all patents in 

the study sample are sorted based on the number of citations they receive. The top 

5 percent of patents that receive most citations every year are coded as 

breakthrough patents. In the study sample, the top 5 percent receive an average of 

69 cites. Then, for each year, the count of a firm’s number of breakthrough 

patents is used as the indicator for breakthrough innovations. Using citation 

weights to measure the technological or economic impact of patents is an 

established approach in innovation research, and it has been adopted in multiple 

studies (Ahuja & Lampert, 2001; Phene, Fladmoe-Lindquist, & Marsh, 2006; 

Srivastava & Gnyawali, 2011). 

4.2.4 Control Variables 

A number of firm level and CEO level variables are controlled in order to 

rule out alternative causes for the variation in outcome variables and to assess the 

incremental contribution of independent variables (Carlson & Wu, 2012). At the 

firm level, firm age, firm size, firm performance, firm slack, and R&D intensity 

are controlled. At the CEO level, founder CEO, CEO duality, and education level 

are controlled. Finally, the length of CEO letters is also controlled. 

Firm age. The age of a firm is measured as the number of years the firm 

exists from the founding year to the end of the sampling time frame (Li & Tang, 
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2010). Firm age is expected to influence both CEO attention and technological 

innovation. First, in younger firms, CEOs may attend to more external issues 

since the growing and expanding is a priory for entrepreneurial firms. 

Accordingly, CEOs of these firms may also have generally lowered attention 

breadth, because they mainly concentrate on issues, such as sales and marketing. 

Second, a firm’s age has been shown to be a predictor for firm risk-taking. For 

example, Li and Tang (2010) showed that firm age has a negative effect on R&D 

intensity. 

Firm size. The size of a firm is measured by a composite score derived 

from the total number of employees, total assets, and total sales. The size of a firm 

has been shown to be an important antecedent of technological innovation 

productivity, even though the direction of the relationship is still under debate 

(Cohen, 2010). In this research, firm size is expected to have a positive effect on 

innovation productivity. Large firms with more resources are more likely to take 

risks and invest more in R&D; and firms with more R&D activities are more 

likely to produce more innovations. 

Firm performance. The financial performance of a firm is measured by a 

composite score derived from ROA, ROE, and ROS, because this study 

conceptualizes firm performance as an aggregate construct (Miller, Washburn, & 

Glick, 2013). Firm performance may influence a CEO’s perception of the gain 

and loss situation (Li & Tang, 2010), which may influence a CEO’s attention 

focus. Disappointing firm performance may discourage CEOs to focus on future 

events and cause them to focus more on the present issues in order to quickly 
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improve financial performance. In contrast, favorable financial performance may 

encourage CEOs to have a long-term perspective and thus they are focusing more 

on the future. Innovation researchers consider firm performance as important 

predictors of innovation in firms but they argue for both positive and negative 

effects of firm performance on innovation (Ahuja et al., 2008; Mone, McKinley, 

& Barker, 1998). 

Firm slack. Slack is measured by the immediate slack, which captures the 

degree of immediate resource availability. The annual working capital ratio is 

adopted to measure immediate slack (Finkelstein & Hambrick, 1990). Slack 

resources act as an important catalyst for research and innovation (Chen & Miller, 

2007; Greve, 2003); thus firm slack is expected to have positive effects on 

innovation productivity and breakthrough innovations.  

R&D intensity. R&D intensity of a firm is measured as the ratio of R&D 

spending to total sales. This variable is very commonly controlled since it reflects 

the amount of financial resource a company can allocate to research and 

development and is an important determinant for innovation productivity. All else 

being constant, firms that invest more heavily in R&D should produce more 

patents (Griliches, 1990; Wu et al., 2005).  

Founder CEO. Founding CEO is measured by an indicator with value one 

if the CEO is a founder CEO and zero otherwise. Founder CEOs differ from non-

founder CEOs in many ways. Founder CEOs are more likely to be overconfident 

and engage more in risk taking (Forbes, 2005), and they are more willing to invest 

in R&D to pursue longer term firm benefits (Fahlenbrach, 2009; Gao & Jain, 
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2011). Therefore, it is expected that founder CEOs have a strong focus on the 

future, and a positive effect on innovation productivity and breakthrough 

innovations. 

CEO duality. CEO-Chair duality is measured by an indicator with value 

one if the CEO also serve as the Chairperson of the board and zero otherwise. 

CEO duality is expected to influence future attention focus. CEOs who serve as 

chair of the board have been found to have greater risk avoidance and focus more 

on short-term firm strategies (Zajac & Westphal, 1994). Thus, CEO duality is 

expected to have a negative effect on CEO future attention focus.  

CEO education level. The amount of a CEO’s formal education is also 

controlled. Literature has suggested that more educated top executives have 

greater tendency to invest in innovation (Bantel & Jackson, 1989). Thus, the 

amount of formal education received by a CEO is controlled and measured on a 

five-point scale, reflecting the highest level of education attained (1 = high school, 

2 = attended college, 3 = college degree, 4 = masters’ degree, 5 = doctorate 

degree).  

Total number of words. The number of words of a letter is also controlled. 

The length of letters to shareholders can vary across firms, and it may correlate 

highly with the measure of managerial attention (Yadav et al., 2007). It is 

measured as a count of the total number of words in the letters.   

A detailed summary of all variable measurements and coding procedures 

are presented in Table 4.4. 
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4.3 Data Merge and Final Sample Creation 

As is described earlier in the sampling procedure section, there were 1,018 

firms retained in the initial sample. The measures of CEO attention are all derived 

from letters to shareholders; thus, firms without letters have been eliminated from 

the sample. CEOs’ letters were obtained from the Mergent Online database, the 

EDGAR database, and company websites. There were 250 firms have at least one 

CEO letter available. A series of t-test is conducted to compare the attributes of 

firms with and without the letter, and the result is shown in Table 4.5. The results 

indicate that older, large firms (measured by number of employees, total sales, 

and total assets) and firms with higher R&D spending are more likely to have 

CEO letters. 

In the next step, patent data were obtained for the initial sample firms from 

USPTO database and NBER patent project. There were 373 sample firms have at 

least one successful patent application. A series of t-test is performed to compare 

the attributes of firms with and without patents, and the result is shown in Table 

4.6. The results indicate that older, larger firms and firms with higher R&D 

spending are more likely to have a successful patent application. 

The CEO demographics data, CEO attention data, patent data, and 

company financials were collected separately, and then the data was merged to 

create the final sample. CEO demographics data were collected for the 250 firms 

that have at least one CEO letter available. The final CEO demographics dataset 

has data for 243 firms and 472 CEOs from 1972 to 2014 with 4,434 usable firm-

year observations. The final CEO attention dataset has data for 220 firms from 
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1991 to 2014 with 1,530 usable firm-year observations. The final patent dataset 

has data for 383 firms from 1920 to 2009 with 2,402 usable firm-year 

observations.  

The merged dataset between CEO demographics and CEO attention has 

182 firms with 1295 usable firm-year observations between 2002 and 2009. The 

merged dataset with patent data has 96 firms with 723 usable firm-year 

observations between 2002 and 2009. The measures for exploitative innovation 

and exploratory innovation are derived from backward patent citations, thus the 

measure cannot be constructed for a firm-year if the firm has zero patent in that 

year. Similarly, the measures for breakthrough innovation are derived from 

forward patent citations, thus this measure cannot be constructed for a firm-year if 

the firm has zero patent during that year.  

4.4 Model Specification and Estimation 

The data was analyzed in two stages. In the first stage, the relationships 

between CEO demographic characteristics and CEO attention pattern were 

examined. There are five outcome variables in this set of analysis – CEO attention 

breadth, CEO external attention focus, CEO internal attention focus, CEO future 

attention focus, and CEO attention heterogeneity. Panel data with repeated 

observations over years often suffer from the autocorrelation (also called serial 

correlation). A Wooldridge test (Wooldridge, 2010) was performed and 

autocorrelation is detected in the data. Furthermore, heteroskedasticity is also 

tested using Baum's (2001) procedure and the test indicates that heteroskedasticity 

does present in the data. To address the problem of heteroskedasticity and 
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autocorrelation, a Generalized Least Squares (GLS) model is used (Greene, 2011). 

Specifically, a Feasible Generalized Least Squares (FGLS) model with correction 

for heteroskedasticity and panel-specific autocorrelation is implemented. FGLS 

has been shown to be a preferred model over OLS and it produces consistent and 

efficient estimations under heteroskedasticity or autocorrelation (Baltagi, 2011). 

The GLS models used is this stage is represented by the following equation: 

𝑦𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝜖𝑖𝑡 

Where i=1,…,n is the number of panels (firms) and t = 1,…,Ti is the number of 

observations for panel i; Xit is the vector of predicting variables of firm i  at time t; 

yit is the predicted outcome variable of firm i at time t. 

In the second stage, the relationships between CEO attentional perspective 

and technological innovation were examined. The dependent variables – 

innovation productivity, exploratory innovation and exploitative innovation, and 

breakthrough innovations are all “count variables” which simply count the 

number of times they have occurred and can only take non-negative integer values. 

While treating count variables as if they are continuous, following a linear 

regression procedure on count variables can bias the estimates (Long, 1997: 217). 

Thus, prior studies have employed non-linear estimations including Poisson and 

Negative Binomial regression models (Cardinal & Hatfield, 2000; Henderson & 

Cockburn, 1996; Penner-Hahn & Shaver, 2005). Poisson regression models are 

formulated on the assumption that the dependent variable has equal distribution 

variance and mean, but often this assumption is violated because of 

“overdispersion.” Overdispersion produces incorrect estimates of the variance 
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terms and misleading inferences about the regression (Gardner, Mulvey, & Shaw, 

1995). To address this problem, a common approach is to employ negative 

binomial regression models, which relax the assumption of equal distribution 

variance and mean (Penner-Hahn & Shaver, 2005).  Given the panel data structure, 

there is a potential threat of autocorrelation of residuals across observations 

within firms and spurious regression results. To control for autocorrelation, a 

fixed-effect negative binomial model was introduced  (Hausman, Hall, & 

Griliches, 1984) and has been adopted in empirical studies on patents (e.g., 

Benner & Tushman, 2002; Fleming, 2001; Wadhwa & Kotha, 2006). However, 

recently some econometricians raised serious concerns about whether this model 

is a true fixed-effects model (Allison & Waterman, 2002).  Therefore, considering 

the shortcomings of the fixed-effect negative binomial model, a fixed-effect 

Poisson Quasi-Maximum Likelihood (PQML) with robust standard errors is used.  

Fixed-effects PQML controls for all stable covariates and effectively contends 

with overdispersion (Wooldridge, 2010).  Further, Heteroscedasticity-consistent 

standard errors
7
 are used to control for heteroscedasticity and autocorrelation 

(Arellano, 2003). This PQML procedure has been used in patent research (e.g., 

Steensma, Chari, & Heidl, 2014). This fixed-effects Poisson model is represented 

in the following equation: 

𝜆𝑖𝑡 = exp (𝑋𝑖𝑡
′ 𝛽) 

where 𝑦𝑖𝑡~𝑃𝑜𝑖𝑠𝑠𝑜𝑛[𝜇𝑖𝑡 = 𝛼𝑖𝜆𝑖𝑡]; i=1,…,n is the number of panels (firms) and t = 

1,…,Ti is the number of observations for panel i; Xit is the vector of predicting 

                                                 
7
 Heteroscedasticity-consistent standard errors, also called Huber-White standard errors, are used 

to allow the fitting of a model that contain heteroscedastic residuals (Huber, 1967; White, 1980). 
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variables of firm i  at time t; yit is the predicted count of outcome variable of firm i 

at time t. 

 In order to have a stronger test on causality, all control and independent 

variables were lagged by one year. In other words, all control and independent 

variables were measured at time t-1 and the dependent variables were measured at 

time t. 

4.5 Statistical Software and Tools 

This section describes the various statistical software packages and tools 

that are involved in the data collection, measures construction and analysis. CEO 

demographics data were manually input to an Excel spreadsheet and imported 

into Stata 13. CEO letters to shareholders were collected manually, and the 

content analysis on the letters were processed using Linguistic Inquiry and Word 

Count  (Pennebaker, Booth, & Francis, 2007; Tausczik & Pennebaker, 2010) and 

CATScanner (McKenny, Short, & Payne, 2013). The measures of CEO attention 

heterogeneity is based on a self-written Perl program modified based on Keegan 

and Kabanoff (2008). Patent data was obtained through NBER patent project and 

supplemented by the datasets provided by other patent researchers (Kogan, 

Papanikolaou, Seru, & Stoffman, 2012). All statistical analyses were performed 

using Stata 13. 
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CHAPTER 5: RESULTS 

In this chapter the results from the hypothesis testing are reported. The 

results are presented in three main sections. First, the descriptive statistics and 

correlations between all variables are presented. Second, the hypothesis testing 

results of CEO demographics and CEO attention are presented and the findings 

are discussed. Third, the hypothesis testing results of CEO attention and firm 

innovation are presented and the findings are discussed. Finally, the mediation 

test results are presented and the findings are discussed. 

5.1 Descriptive Statistics and Correlations 

The number of observations, mean, standard deviation, minimum and 

maximum values for all variables are presented in Table 5.1. Firm size is a 

composite score deriving from total assets, number of employees, and total sales. 

Therefore, it has a mean of .42 and a standard deviation of .80. Similarly, Firm 

performance is also a composite score deriving from return of assets, return of 

equity, and return on sales. Therefore, it has a mean of .37 and a standard 

deviation of .31. The min R&D intensity is zero because in some years the R&D 

spending data is reported as zero by the COMPUSTAT database.  

The correlations of all variables are split into three tables so readers are 

better able to read them. Table 5.2 presents correlations between all CEO 

characteristics and innovation variables. The innovation variables are very highly 
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correlated with each other, and this is due to the nature of the data and measures. 

First, all innovation variables are measured as patent counts. When a firm has 

more patents, they also have more exploitative and exploratory innovations, and a 

higher chance of breakthrough innovations. Therefore, the variations of 

exploitative/exploratory innovation and breakthrough innovations are highly 

dependent on the number of patents.  Second, one might expect that exploitative 

innovation negatively correlates with exploratory innovation; however, they are 

positively correlated. According to the metric, a single patent can only be 

classified as exploitative, exploratory, or neither. However, a firm’s overall 

approach to innovation is not the opposite ends of the same continuum. When 

firms have larger number of exploitative patents, they are also likely to have 

larger number of exploratory patents as their overall patent productivity is high. 

Firms may have a general tendency to focus more on exploitation and exploration, 

and it can be reflected in the ratios of these two outputs to the total patent outputs. 

To confirm this, the correlations between all ratio measures of innovation are 

presented in Table 5.5. As is shown in the Table 5.1.5, the ratios of exploitative 

innovation (> 60% and > 80% familiar citations) do not correlate with innovation 

productivity (number of patents); the ratios of exploratory innovation (< 20% and 

< 40% familiar citations) negatively correlate with innovation productivity. 

Further, the ratio of exploitative innovation and the ratio of exploratory have very 

high negative correlations. 

The correlations between all control variables and independent variables 

(CEO demographics) are shown in Table 5.3. Note that CEO output and CEO 
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throughput correlates at -1.00 since they are equivalent measures but are reverse-

coded. The primary functional experience of any CEO could only be either output 

or throughput.  

The correlations between all control variables and dependent variables 

(attention and innovation) are shown in Table 5.4. Because measures of 

innovation productivity, exploitative/exploratory innovation, and breakthrough 

innovations are highly correlated with each other, their correlations with other 

variables show very similar patterns. Multicollinearity has not found to be an 

issue between all control variables and all CEO demographics variables. Variance 

inflation factor (VIF) scores are all below ten, which further confirms minimal 

multicollinearity issues. 

5.2 CEO Demographic Characteristics and CEO Attention 

In the section, the hypotheses testing results between CEO demographics 

and CEO attention are presented. This section is further broken down into three 

sub-sections with each section focusing on one of the three dimensions of CEO 

attention sequentially – breadth, focus, and heterogeneity. In each section, the 

hypothesized relationships are discussed first, followed by a discussion on other 

significant relationships that have not been hypothesized. Effects of control 

variables are also discussed. 
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5.2.1 CEO Demographic Characteristics and CEO Attention Breadth – H1 and 

H6 

Results of the GLS regression predicting CEO attention breadth is shown 

in Table 5.6, which tests hypothesis 1 and 6. Model 1 is the controls only model. 

CEO characteristics are added to Model 2 through Model 9. Model 10 is the full 

model with all controls and CEO characteristics. 

Hypothesis 1 predicts that age of CEO is negatively related to attention 

breadth. This hypothesis is tested in Model 2. The regression coefficient for CEO 

age is positive and significant. Thus, hypothesis 1 is not supported, but the 

opposite direction is found to be supported. 

Hypothesis 6 predicts that CEO diverse functional background is 

positively related to attention breadth. This hypothesis is tested in Model 8. The 

regression coefficient for CEO diverse functions is positive and significant. Thus, 

hypothesis 6 is supported. 

The results also show two other significant relationships that are not 

hypothesized. First, CEO business/law is shown to have positively relationship 

with attention breadth. Second, Outside-industry CEO is shown to have positive 

relationship with attention breadth. 

5.2.2 CEO Demographic Characteristics and CEO Attention Focus – H2 to H5 

Results of the GLS regression predicting attention focus are presented in 

three tables because of the three different dimensions of CEO attention focus. 

Table 5.7 presents the hypotheses testing results of CEO characteristics and CEO 
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external attention focus; Table 5.8 presents the hypotheses testing results of CEO 

characteristics and CEO internal attention focus; Table 5.9 presents the 

hypotheses testing results of CEO characteristics and CEO future attention focus. 

Hypothesis 2 predicts that CEO positional tenure is negatively related 

future attention focus, and the testing result is shown in Table 5.9 Model 3. The 

coefficient of CEO tenure is not significant, thus hypothesis 2 is not supported.  

Hypothesis 3 predicts that CEO tenure is positively related to internal 

attention focus, and the testing result is shown in Table 5.8 Model 3. The 

coefficient of CEO tenure is negative and significant, suggesting that CEO 

tenure is negatively related to internal attention focus. Further, Table 5.7 Model 3 

shows that CEO tenure is positively related to external attention focus. Taken 

together, these results indicate that hypothesis 3 is supported in the opposite 

direction as it is hypothesized. 

Hypothesis 4 predicts that CEO business/law education is negatively 

related to future attention focus; whereas, CEO science/engineering education is 

positively related to future attention focus. Table 5.9 Model 4 shows that the 

coefficient of CEO business/law is negative and significant, providing evidence 

of the negative relationship between business/law education and future attention 

focus. However, Table 5.9 Model 5 shows that the coefficient of CEO 

science/engineer is positive but not significant, failing to support the positive 

relationship between science/engineering education and future attention focus. To 

conclude, hypothesis 4 is partially supported such that CEOs with business or 
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legal degrees have weaker future attention focus whereas CEOs with science or 

engineering degrees do not have effects on future attention focus. 

Hypothesis 5 predicts that CEO output functional background is positively 

related to external attention focus; whereas CEO throughput functional 

background is positively related to internal attention focus. Table 5.7 Model 6 

shows that the coefficient of CEO output is positive and significant, supporting 

the positive relationship between CEO output functional background and external 

attention focus. Table 5.8 Model 7 shows that the coefficient of CEO throughput 

is positive and significant, supporting the positive relationship between CEO 

throughput functional background and internal attention focus. Taken together, 

the above evidence shows strong and full support for hypothesis 5. 

The results also show a number of relationships between other CEO 

characteristics and attention focus that are not hypothesized. CEO age has been 

shown to have a negative relationship with the external attention focus, a positive 

relationship with the internal attention focus, and a positive relationship with the 

future attention focus. CEO business/law has been shown to have a negative 

relationship with the external attention focus and a positive relationship with the 

internal attention focus. CEO science/engineer has been shown to have a positive 

relationship with the external attention focus and a negative relationship with the 

internal attention focus. CEO diverse functions  has been shown to have a 

negative relationship with the external attention focus, a positive relationship with 

the internal attention focus, and a positive relationship with the future attention 

focus. Outside-industry CEO has been shown to have a negative relationship with 
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the external attention focus, a positive relationship with the internal attention 

focus, and a negative relationship with the future attention focus. 

5.2.3 CEO Demographic Characteristics and CEO Attention Heterogeneity – 

H7 

This section presents the hypothesis testing results of CEO characteristics 

and attention heterogeneity. 

Hypothesis 7 predicts that outside-industry CEO is positively related to 

attention heterogeneity. Table 5.10 Model 9 shows that the coefficient of Outside-

industry CEO is positive and significant, thus hypothesis 7 is supported. 

The results also show some significant relationships between other CEO 

characteristics and attention heterogeneity that are not hypothesized. CEO age has 

been shown to have a negative relationship with attention heterogeneity. CEO 

tenure has been shown to have a positive relationship with attention heterogeneity. 

CEO science/engineer has been shown to have a negative relationship with 

attention heterogeneity. 

5.2.4 Summary and Discussion of Results 

 The first set of results testing the relationships between CEO demographic 

characteristics and CEO attention patterns provide generally good support for the 

predictions.  

 CEO attention breadth. The results show that CEOs with diverse 

functional background have higher attention breadth, which is consistent with the 

hypothesis. Although CEOs have a dominant functional area, which has the 
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strongest impact on their cognitive scheme and knowledge structure; additional 

experience in other functional areas enriches their cognitive base and allow them 

to attend to more diverse and broader information. However, the prediction that 

CEO age is negatively related to attention breadth is not supported. In fact, the 

results show that the opposite is true - As a CEO advances in age, he or she 

attends to a broader and more diverse set of attention. Research in psychology 

generally suggests that mental capability and attentional capacity is a decreasing 

function of age. As an individual advances in age, his or her attention capacity 

declines. However, recent research suggests that the relationship between age and 

cognition is not a simple linear one, but rather it is a more complex curvilinear 

type of relationship. A longitudinal study in age-related change in cognition 

shows that cognitive functioning first increases between ages 25 and 55 and then 

start to decline after age 55 (Hedden & Gabrieli, 2004). In the software and IT 

services industry, senior executives are generally younger than their counterparts 

in other less dynamic industries. The descriptive statistics in Table 5.1 also shows 

that the mean age of CEOs in the sample is 52 and the range is from 41 to 64. 

Therefore, it is possible that due to the range restriction, CEOs in the sample are 

at the increasing stage of their cognitive functioning.   

 External/Internal attention focus. The results show strong support for the 

predictions regarding a CEO’s functional backgrounds and his/her spatial 

attention focus. Specifically, CEOs who have dominant experience in output 

functions (R&D, engineering, sales/marketing) generally attend to more external 

information; whereas CEOs who have a dominant experience in throughput 
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functions (accounting, finance, administration, production) generally attend to 

more internal information. This evidence supports the hypothesis that CEOs’ 

attention pattern and cognitive biased are shaped by their experience in different 

functional areas. A CEO’s tenure in the position has been shown to have some 

effects on spatial orientation, yet the effects are opposite to the hypotheses. CEOs 

with longer tenure are expected to have strong internal focus and weaker external 

focus; however, the results show that CEOs with longer tenure have weaker 

internal focus and stronger external focus. This result is unexpected because 

research on CEO tenure has suggested that CEOs in later seasons of their tenure 

tend to focus more on internal information (Luo et al., 2014). To gain more 

insight on the relationship between tenure of CEOs and spatial orientation, post-

hoc analyses were conducted to test the possible existence of curvilinear effects. 

The results show evidence of curvilinear relationships. Specifically, tenure of 

CEOs has an inverted U-shape relationship with their external attention focus, and 

a U-shape relationship with their internal attention focus. Therefore, the influence 

of tenure of CEOs on their spatial orientation is more complex than prior research 

has suggested. 

CEO future attention focus. The results show partial support for the 

predictions regarding CEO educational background and temporal attention focus. 

The results show that CEOs with business or legal educational training focus less 

on future events; yet CEOs with science or engineering educational training do 

not focus more on future events. The sign of the coefficient of CEO 

science/engineer is consistent with the hypothesis but it is not statistically 
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significant, suggesting that it may have an effect but the effect size is very small 

and therefore difficult to observe. Moreover, the results do not show any 

significant relationship between CEO tenure and future attention focus. Upper 

echelons research generally shows that as CEOs’ tenure advances, they become 

more committee to the existing paradigm and more resistant to change (Hambrick 

& Fukutomi, 1991; Musteen, Barker, & Baeten, 2006). Thus, it may be that CEO 

tenure influences CEO commitment to the status quo but does not have strong 

effects on CEO futuristic attention focus. 

CEO attention heterogeneity. The results show strong support for the 

prediction regarding CEO origin and attention heterogeneity. Specifically, CEOs 

who come from an outside industry and have less than two years of formal 

experience in the focal industry (software and IT services industry) attend to a 

unique and different set of information that departs from CEOs who do not move 

across industries. This finding indicates that industry experience of CEOs 

significant alters their cognition, especially the information and environmental 

stimuli that they attend to. Several not-hypothesized yet significant relationships 

are worth of discussion. The results show that as CEOs advance in age they tend 

to have less heterogeneous (i.e., more homogeneous) attention with their peers. 

This finding is consistent with the conjecture that industry experience can shape a 

CEO’s attention pattern. Ages of CEOs reflects their industry experience, and 

older CEOs who have worked in the same industry become more homogeneous in 

their attention. Further, the results also show that as CEOs advance in positional 

tenure, they tend to have more heterogeneous attention. While age and tenure of 
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CEOs are often considered highly correlated, they reflect different aspects of a 

CEO’s cognition. As is discussed above, age reflects general cognitive 

functioning. Position tenure, however, reflects a CEO’s job-specific knowledge 

and skills. CEOs progress through a learning curve. Newly appointed CEOs are 

likely to stick very close to industry norms and corporate strategy trajectory while 

they accumulate job-specific skills. Then as they gain their ground and become 

more matured, they are likely to start making changes and innovating. As a result, 

their attentions also become more heterogeneous as they progress along this 

learning curve. This is a plausible reason for this unanticipated result. Finally, the 

results also show that CEOs who are educated in science or engineering fields 

tend to have less heterogeneous attention.  

5.2.5 Control Variables and CEO Attention 

 This section briefly discusses the effects of control variables on CEO 

attention. 

 Firm age has been showed to have a positive relationship with CEO 

attention breadth, a negative relationship with CEO external attention focus, a 

positive relationship with CEO internal attention focus, a positive relationship 

with CEO future attention focus, and a negative relationship with CEO attention 

heterogeneity. These results are consistent with the expectation that. CEOs in 

younger firms focus more attention on external issues and they broaden the 

spectrum of attention as firms grow into more mature stage.  

 Firm size has been shown to have a negative relationship with CEO 

attention breadth, a negative relationship with CEO external attention focus, a 
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positive relationship with CEO internal attention focus, a negative relationship 

with CEO future attention focus, and no consistent relationship with CEO 

attention heterogeneity. These results suggest that CEOs in larger firms tend to 

have narrow attention breadth and focus more on internal issues. 

 Firm performance has been shown to have a negative relationship with 

CEO future attention focus, and no consistent relationship with attention breadth, 

spatial attention focus, or attention heterogeneity. The negative effect on future 

attention focus is opposite to the expectation, and it suggests that CEOs focus less 

on future and long term returns when their firms are performing well financially. 

 Firm slack has been shown to have a positive relationship with CEO 

external attention focus, a negative relationship with CEO internal attention focus, 

and no consistent relationship with CEO attention breadth, CEO future attention 

focus, or CEO attention heterogeneity. The positive effects of firm slack on 

external attention focus and negative effects of firm slack on internal attention 

focus suggest that CEOs tend to focus their attention on external issues when their 

firms have abundant resources accumulated. 

 R&D intensity has been shown to have positive relationship with CEO 

external attention focus, a negative relationship with CEO internal attention focus, 

a negative relationship with CEO future attention focus, a positive relationship 

with CEO attention heterogeneity, and no relationship with CEO attention breadth. 

These relationships warrant more future research in order to understand the 

mechanisms. 
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 Founder CEO has been shown to have a positive relationship with CEO 

attention breadth, a positive relationship with CEO external attention focus, a 

negative relationship with CEO internal attention focus, and no consistent 

relationship with CEO future attention focus or CEO attention heterogeneity. 

These relationships suggest that CEOs who are founders generally attend to a 

broader set of issues with a focus on external issues. 

 CEO duality has shown to have a positive relationship with CEO attention 

breadth, and no consistent relationship with CEO attention focus or heterogeneity. 

CEOs who serve as the chair of the board of directors have a broader attention 

spectrum. Board of directors has a resource-provision mechanism (Hillman, 

Nicholson, & Shropshire, 2008), and this mechanism may increase the amount of 

information for CEOs and thus they have a higher attention breadth. 

 Education level has been shown to have a positive relationship with CEO 

attention breadth, a positive relationship with CEO external attention focus, a 

negative relationship with CEO internal attention focus, a negative relationship 

with CEO future attention focus, and a positive relationship with CEO attention 

heterogeneity. A CEO’s amount of formal education is believed to influence 

innovation positively (Barker & Mueller, 2002); however, the underlying 

mechanisms warrants more research. 

5.3 CEO Attention and Technological Innovation 

In this section, the hypotheses testing results on CEO attention and firm 

innovation are presented in three sub-sections corresponding to the three aspects 

of innovation - productivity, approach, and quality.  
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5.3.1 CEO Attention and Firm Innovation Productivity – H8 and H10 

Table 5.11 presents fixed-effects Poisson quasi-maximum likelihood 

regression results of CEO attention and firm innovation productivity. Model 1 is 

the controls only model. CEO attention variables are added in subsequently 

models. 

Hypothesis 8 predicts that CEO attention breadth has an inverted U-shape 

relationship with innovation productivity. Model 2 in Table 5.11 shows that the 

coefficient of Attention breadth is not significant. Further, Model 3 in Table 5.11 

shows that the square term of attention breadth is not significant either. Therefore, 

the results fail to support hypothesis 8.  

Hypothesis 10 predicts that CEO future attention focus is positively 

related to innovation productivity. Model 7 in Table 5.11 shows that the 

coefficient of Future attention is not significant, thus failing to support 

hypothesis 10. 

Therefore, the two hypotheses regarding innovation productivity fail to 

receive support. The results show significant relationships between CEO 

external/internal attention focus and innovation productivity, though they were 

not hypothesized. CEO external attention focus is shown to have a negative 

relationship with innovation productivity, whereas CEO internal attention focus is 

shown to have a positive relationship with innovation productivity. 
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5.3.2 CEO Attention and Firm Innovation Approach – H11 

The results of hypotheses testing on CEO attention and innovation 

approach are shown in two tables. Table 5.12 shows the results using 80% cut-off 

point for exploitative innovation. Correspondingly, Table 5.13 shows the results 

using 20% cut-off point for exploratory innovation. For robustness testing, the 60% 

and 40% cut-off points are also used to classify exploitative patents and 

exploratory patents and the results are presented in Table 5.14 and Table 5.15. 

Hypothesis 11 predicts that CEO external attention focus is positively 

related to exploratory innovation whereas CEO internal attention focus is 

positively related to exploitative innovation. Model 3 in Table 5.12 shows that 

External attention is negatively related to exploitative innovation, and Model 4 in 

Table 5.12 shows that Internal attention is positively related to exploitative 

innovation. Yet, Model 3 and Model 4 in Table 5.13 do not show significant 

relationships between External attention and Exploratory innovation, or between 

Internal attention and Exploratory innovation. Overall the results indicate that a 

CEO’s external attention focus is negatively related to exploitative innovation but 

has no relationship with exploratory innovation, and a CEO’s internal attention 

focus is positively related to exploitative innovation. Therefore, hypothesis 11 is 

partially supported. 

The results are consistent in the robustness test when using the 60% and 

40% cut-off points to classify exploitative patents and exploratory patents. 
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5.3.3 CEO Attention and Breakthrough Innovation – H9 and H12 

Table 5.16 presents the fixed-effects Poisson quasi-maximum likelihood 

regression results of CEO attention and breakthrough innovation. 

Hypothesis 9 predicts that CEO attention breadth has an inverted U-shape 

relationship with breakthrough innovation. Model 3 in Table 5.16 shows that the 

coefficient of Attention breadth
2
 is positive and significant, providing evidence of 

a curvilinear relationship. However, it is a U-shape relationship which is the 

opposite of the hypothesized inverted U-shape. To gain more insights into this 

curvilinear relationship, the relationship between attention breadth and 

breakthrough innovation is plotted in Figure 5.1. Given the range of Attention 

breadth in the dataset, it generally has a positive relationship with number of 

breakthrough innovation. Therefore, even though mathematically Attention 

breadth and Breakthrough innovation has a U-shape curvilinear relationship, the 

relationship is actually a positive one due to range restriction of Attention breadth 

(ranges from 2.99 to 4.48 in the dataset). Simple slopes analyses (Aiken & West, 

1991) were conducted and the results indicate that slopes are significantly 

different from zero when the value of Attention breadth is at its mean and two 

standard deviations below and above the mean.
8
 

                                                 
8
 Simple slope analyses were conducted according to the procedure provided by Aiken and West 

(1991). The first derivate of the curve with respect to the predictor (attention breadth) evaluated at 

one value of attention breadth is the simple slope of outcome (number of breakthrough 

innovations) on the predictor at that value of the predictor. Therefore, the simple slopes were 

calculated at five different values of attention breadth (-2 s.d., -1 s.d., mean, +1 s.d., and +2 s.d.).  

The corresponding values of simple slopes are: 4.446, 5.179, 5.897, 6.636, and 7.363. The 

standard errors of these simple slopes were also calculated. Finally, t-Tests were conducted to test 

if these five simple slopes are significantly different from zero. 
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Hypothesis 12 predicts that CEO attention heterogeneity has an inverted 

U-shape relationship with breakthrough innovation. Model 9 shows that the 

coefficient of Attention heterogeneity
2
 is not significant, failing to support the 

curvilinear relationships. However, Model 8 in Table 5.16 shows that the 

coefficient of Attention heterogeneity has a significant negative relationship with 

Breakthrough innovation. 

5.3.4 Summary and Discussion of Results 

 The second set of results on CEO attention and firm innovation are 

discussed in this section. Overall, predictions regarding relationships between the 

three dimensions of attention and the three dimensions of innovation receive some 

mixed supports. 

 Innovation productivity. The results do not show any supports for the 

predicted effects of a CEO’s attention breadth and future attention focus on 

innovation productivity. In the case of attention breadth, the findings indicate that 

a CEO’s attention to diverse information does not increase the overall volume of 

the firm’s innovation output. A CEO’s attention breadth is proposed to influence 

innovation productivity through organizational search mechanisms. Specifically, a 

firm whose CEO has a broader attention is expected to search in more domains; 

thus, it is more likely to obtain a variety of knowledge that is beneficial for 

producing innovation. However, searching may also turn out to be counter-

productive. As is stated before in the hypothesis development section, a firm that 

searches broadly in many different domains might also suffer from information 

overload due to its limited absorptive capacity, which will actually hinder 
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innovation. Therefore, the non-finding of effects of attention breadth on 

innovation productivity can be a result of this countervailing force.  The other 

possible cause for the non-finding may be the effects of contextual forces. For 

example, the effects of a firm’s search breadth may interact with its absorptive 

capacity; thus, when a firm searches broadly without high absorptive capacity, it 

has difficulty to process and integrate the new knowledge and this will reduce its 

innovation productivity. In the case of future attention focus, the findings indicate 

that a firm whose CEO has stronger future attention focus does not produce more 

innovation than a firm whose CEO has weaker future attention focus. CEOs who 

have strong future attention focus are thought to be more willing to invest in the 

research and development, and they are more committed to innovation. Yet, 

investments in R&D do not automatically translate into innovation outputs. 

Successful innovation requires a firm to work through a series of tasks. CEOs are 

the key decision makers who are able to influence the innovation activities by 

allocating their attention to recruit staffs, deploy necessary financial resources, 

and design effective incentives structures to motivate research and development 

personnel. In other words, a CEO who is strongly committed to innovation can 

provide all the necessary resources. However, whether a firm is able to increase 

their overall productivity of innovation also depends on other organizational 

attributes that are beyond the control of the CEO. Thus, this can be a plausible 

explanation for the non-findings of effects of a CEO’s future attention focus on 

innovation productivity.  
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Innovation approach. The results show partial supports for the predicted 

effects of a CEO’s spatial orientation and innovation approach. The findings 

indicate that a firm whose CEO has stronger internal attention focus emphasizes 

more on exploitative innovation, which is consistent to the predicted relationship. 

Further, a firm whose CEO has stronger external attention focus does not 

emphasizes more on exploratory innovation; however, it emphasizes less on 

exploitative innovation. Together, these findings offer preliminary evidence that a 

CEO’s spatial orientation of attention influences a firm’s emphasis and approach 

to innovate. Exploitative innovation and exploratory innovation are not the 

opposite ends of a same continuum. Firms need to use both approaches in their 

research and development, yet they might have a general tendency of using one 

than the other because of path-dependency (Danneels, 2002). When CEOs are 

more internally focused, their firms tend to search within the boundary of the 

organization and exploit their existing knowledge and technology.  

 Innovation quality. The results show some mixed and partial supports for 

the predicted relationships between a CEO’s attentional perspective and 

innovation quality. A CEO’s attention breadth has been found to have a U-shape 

type of curvilinear relationship with number of breakthrough innovations, which 

is the opposite of the predicted inverted U-shape relationship. Further, a CEO’s 

attention heterogeneity has been found to have a negative linear relationship with 

number of breakthrough innovations, rather than the predicted curvilinear 

relationship. These findings suggest that a firm whose CEO’s attention diverges 

from competitors tend to produce less breakthrough innovations. As is stated 
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earlier in the hypothesis development section, a CEO’s attention heterogeneity 

influences innovation quality through two countervailing forces. On the one hand, 

a firm whose CEO attends to heterogeneous information may benefit from 

discovering unique technological opportunities that are overlooked by its 

competitors. On the other hand, it is more difficult for the firm to integrate these 

novel technologies with the focal industry’s core knowledge and technology. 

These two opposing forces jointly determine a firm’s chance to produce higher 

quality innovations. Based on the findings of this study, it seems that the negative 

force triumph over the positive force. Thus, a CEO’s attention heterogeneity does 

more harm to a firm’s ability to create breakthrough innovations.  

5.3.5 Control Variables and Technological Innovation 

 This section briefly discusses the effects of control variables on 

technological innovation. 

 Firm age has been shown to have a weak negative relationship with 

exploitative innovation, and no relationship with innovation productivity or 

breakthrough innovation. Overall firm age has minimal relationships with 

innovation. Although research has suggested that older firms might be more risk-

averse (Li & Tang, 2010), this study does not find strong main effects of firm age 

on the firm’s overall innovation productivity.  

 Firm size has been shown to have a weak positive relationship with 

innovation productivity, and no consistent relationship with exploitative 

innovation, exploratory innovation, or breakthrough innovation. The weak 

positive relationship of firm size on innovation productivity is consistent with the 
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expectation. Larger firms benefit from the scale economies in the R&D process 

and the complementarities between R&D and other activities (Ahuja et al., 2008). 

 Firm performance has been shown to have no relationship with any of the 

three dimensions of technological innovation. Innovation research has not found 

consistent evidence on the relationship between firm performance and innovation. 

Scholars in this area believe that the relationship is not so straightforward and 

may be contingent on other factors at different levels of analysis (Ahuja et al., 

2008). Further, firm performance has been operationalized using various different 

approaches and most organizational studies are internally inconsistent in their use 

of these approaches (Miller et al., 2013), which creates substantial difficulty to 

establish relationships of firm performance with other constructs. 

 Firm slack has been shown to have a positive relationship with innovation 

productivity, a positive relationship with exploitative innovation, a weak positive 

relationship with breakthrough innovation, and no consistent relationship with 

exploratory innovation. The positive effect of slack on innovation productivity is 

consistent with the expectation. Slack is a result of accumulated performance, and 

it allows experimentation of ideas that would not have been approved under 

limited resource; thus, slack fosters technological innovation (Nohria & Gulati, 

1996). 

 R&D intensity has been shown to have no consistent relationship with any 

of the three dimensions of technological innovation. The non-finding of R&D 

intensity is rather surprising because it has been considered one of the most 

consistent predictors of innovation effort and output. A plausible explanation is 
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that the measure of R&D intensity may be biased. R&D intensity is measured as 

the ratio of R&D expenditure to sales. Thus, while bigger firms with much higher 

sales invest more R&D, their R&D intensity may be lower than smaller firms who 

invest same amount of money in R&D with lower sales. To gain more insight in 

this lack of effects of R&D intensity, two post-hoc analyses were conducted. First, 

this study tested the possible curvilinear effects of R&D intensity. The results 

show that: a) R&D intensity has a strong inverted U-shape relationship with 

innovation productivity; b) R&D intensity has strong inverted U-shape 

relationship with exploitative innovation; c) R&D intensity has a marginally 

significant inverted U-shape relationship with exploratory innovation; and d) 

R&D intensity has no effects on breakthrough innovations. Second, this study 

also tested the effects of R&D expenditure, that is, the absolute dollar amounts 

firms spend on research and development. The results show that R&D 

expenditure has a strong positive relationship with innovation productivity and 

exploitative innovation, and it has no effects on exploratory innovation or 

breakthrough innovations. These results from the post-hoc analyses indicate that 

R&D intensity and R&D expenditure influence different aspects of a firm’s 

technological innovation; however, the underlying mechanisms warrants more 

future research. 

 Founder CEO has been shown to have a negative relationship with 

breakthrough innovation, no consistent relationship with exploitative innovation 

or exploratory innovation, and no relationship with innovation productivity. The 
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negative effect of founder CEO on breakthrough innovation is opposite to the 

expectation. Future research is needed to understand the mechanisms. 

 CEO duality has been shown to have a negative relationship with 

exploitative innovation, and no relationship with innovation productivity, 

exploratory innovation, or breakthrough innovation. Innovation research has not 

extensively investigated the effects of CEO duality on innovation. CEO duality 

reflects CEO power and discretion (Chen, Zheng, & Wu, 2011; Kim, 2013); thus, 

it may function as a moderating factor that alters the strengthen of effects of 

innovation determinants, rather than a main predictor of innovation.  

 CEO education level has been shown to have a weak positive relationship 

with innovation productivity, a positive relationship with exploitative innovation, 

and no relationship with exploratory innovation or breakthrough innovation. The 

positive relationship of education level on innovation productivity is consistent 

with the expectation. More educated CEOs have greater tendency to invest in 

innovation and thus increase the productivity. This result is consistent with a prior 

study which found that CEOs with advanced science-related degrees invest more 

in R&D (Barker & Mueller, 2002). 

5.4 Summary of Hypotheses Testing Results 

 Overall, the hypotheses receive moderate support. Out of the 12 

hypotheses, three are fully supported (H5, H6, and H7) and three are partially 

supported (H4, H11, and H12). For the six hypotheses that are not supported, 

three are found to be supported in the opposite direction as predicted (H1, H3, and 
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H9) and three are not found to have significant effects (H2, H8, and H10). A 

summary of hypothesis testing results is presented in Table 5.17. 
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CHAPTER 6: CONCLUSION 

This research develops an attention-based model to understand a CEO’s 

influence over a firm’s technological innovation. Management research has long 

been interested in the role of CEOs in managing a firm’s innovation. However, 

this line of research falls short in reaching conclusive answers to many key 

questions. This research challenges the commonly accepted assumptions in this 

research stream and identifies several theoretical and empirical limitations that 

hinder the progressing of research. Building mainly from the upper echelons 

theory and attention-based view, and drawing from behavioral theory of the firm, 

organizational learning, and knowledge-based view; this research articulates an 

attention-based model of CEO and technological innovation. The main research 

goal is to understand the mechanisms of which a CEO’s attention affects various 

aspects of technological innovation.  

6.1 Contribution to Theory 

This research contributes to the upper echelons theory along several 

avenues. By integrating concepts from attention-based view of the firm, this 

research develops an attention-based model that extends the current upper 

echelons theory in a number of ways. First, although the upper echelons theory 

posits that executives’ cognition determines their strategic choice and 

incorporates mechanisms such as limited field of vision and selective perception, 
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it has not considered executives’ attention mechanism, which is one of the most 

important cognitive functions. Upper echelons theory is essentially an information 

processing theory that builds its central tenets around human information 

processing. In the context of human formation processing, attention is the 

foremost component that determines information-processing effectiveness and 

capacity. Therefore, this attention-based model extends and refines the current 

upper echelons framework. Specifically, this model identifies three distinct 

dimensions of a CEO’s attention that are crucial in the context of corporate 

strategic formation and implementation - attention breadth, attention focus, and 

attention heterogeneity. Attention breadth captures the overall span of a CEO’s 

attention; attention focus captures the spatial and temporal orientation of a CEO’s 

attention; and finally, attention heterogeneity captures the uniqueness of a CEO’s 

attention. These three distinct dimensions of a CEO’s attentional perspective are 

proposed to have intermediate effects between observable CEO characteristics 

and ultimate organizational outcomes. 

Second, by integrating a CEO’s attention mechanisms, this attention-based 

model moves the upper echelons theory towards a process theory. Although the 

upper echelons theory was intended to be a process theory to explain how top 

managers perception influence the information processing and strategic choices of 

organizations, studies drawing from the theory focus almost entirely on the 

demographics of top management. Thus, the underlying processes have never 

been explicitly conceptualized and validated. Demographics can reflect a CEO’s 

cognition to some degree; however, demographics are distal to a CEO’s decision 
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making and the predictive power is often low. While a CEO’s demographics, such 

as age, tenure, functional background, education, origin, inform us who this 

person is, they are not strong predictors of a CEO’s strategic choices. Therefore, 

this research focus on what a CEO does and how he/she process information by 

examining their attention mechanisms. Further, this attention-based model also 

theorizes possible linkages between various CEO demographics and the three 

dimensions of a CEO’s attention. By doing so, this model gives us a holistic 

picture of how CEO demographics affect their attention and subsequent 

organizational outcomes. 

Finally, this attention-based model enhances the theoretical validity of 

upper echelons theory by proposing an alternative mechanism of how executives 

influence organization outcomes. Drawing from the strategic choice theory (Child, 

1972), upper echelons theory posits that executives make strategic choices in a 

collection of all the options, and their choices alter organizational trajectory and 

outcomes. This strategic choice perspective is valid and it does offer a plausible 

explanation for executives’ influence. The attention-based view of the firm, 

however, posits that executives influence organizational outcomes by their 

attentional processing and decision making which is situated in procedural and 

communication channels (Ocasio, 1997). Top executives make decisions 

depending on the focus of their attention on issues and answers, and their focus of 

attention is determined by organizational procedures and communication channels. 

Therefore, the focus of attention of decision makers shapes organizational moves. 
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6.2 Contribution to Research 

 This dissertation bridges strategic leadership research and technological 

innovation research, and the findings have rich implications for both streams of 

research. In the following paragraphs, the contribution to research is delineated.  

Contribution to strategic leadership research. Strategic leadership 

research following the Hambrick and Mason (1984)’s seminal paper has been 

relying on observable demographics of executives as proxies for their underlying 

cognitive and psychological factors. The most commonly examined demographics 

variables are age, tenure, functional background, and educational background. 

Because of the reliance on demographics variables, these studies often fall short 

in examining the underlying cognitive, psychological, and social processes 

(Hambrick, 2007). This study tackles this black box by linking a CEO’s 

demographic characteristics and his/her attentional perspective. The findings 

indicate that individuals’ demographics do reflect, to some extent, their cognitive 

functioning, particularly their attention pattern and structure. However, the 

relationships between demographics and attention are not simplistic or 

deterministic. Thus, this study shows that demographics of senior managers are 

rough proxies for their underlying cognitive characteristics, and the use of these 

proxies must be very thoroughly justified with caution. Further, upper echelons 

researchers should favor more proximal measures of executives’ cognition over 

demographics characteristics whenever it is possible.  

Contribution to technology and innovation management research. 

Research on determinants of technological innovation can be classified into two 
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streams with one focusing on innovation input and the other focusing on 

innovation output (Ahuja et al., 2008). However, the process between input and 

output has not received enough research efforts. This study investigates not only 

the overall output of innovation, but also the emphases and approaches of 

innovation. Innovation is a broad construct that has different dimensions. The 

productivity of innovation, or the output volume of innovation, has been studied 

most extensively in the area of strategic management because it is considered one 

of the most important metric for firm performance. However, much less is known 

on determinants of approach of innovation, and quality of innovation. Due to the 

emphasis on productivity of innovation, researchers have an incomplete picture 

on organization research and development activities.  

This research incorporates all these three key aspects of innovation and 

comprehensively investigates the effects of CEOs’ attention on the three 

dimensions, and it has found a number of significant relationships between CEO 

attention and approach of innovation as well as impact of innovation. These 

findings extend scholarly understandings on technological innovation in 

organizations. This study shows that managerial attention influences a firm’s 

emphasis on exploitative or exploratory innovation, suggesting that organizations 

differ in their innovation approach and this difference can be predicted by factors 

such as CEO background, incentives structure, and corporate governance. Second, 

this study also extends the research on technological innovation by showing that 

managerial attention influences the quality and impact of innovation. Using only 

overall productivity of innovation output as a metric for firm innovativeness could 



111 

  

 

 

  

be biased and problematic since the distribution of corporate ownership of 

innovations is highly skewed towards bigger firms. In other words, a small 

number of large corporations own a major portion of total technological 

innovation while a large number of small corporations own a minor portion. 

Therefore, by using the quality of technological innovation as a metric, it allows 

researchers to have an alternative perspective on firm innovativeness. For 

example, although small firms generally have lower innovation productivity, 

these innovations may be highly influential and disruptive. Therefore, these small 

firms are very innovative not in terms of productivity but in terms of the 

technological impact of their innovations. 

Contribution to research methods. Besides theoretical contributions, this 

research also contributes to operationalization and measurements of managerial 

attention. First, drawing from the established content analysis approaches, this 

research develops a specific dictionary to measure a CEO’s attention breadth. 

Although this dictionary is specifically developed for the software and IT services 

industry, it can be easily adapted by organization researchers to measure similar 

variables of managerial attention breadth or diversity. Second, this research adapts 

the lexical commonality measure from socio-linguistics research to measure CEO 

attention heterogeneity. Although this is not the first study to use this measure, it 

modifies the operationalization so that the measure can be used to compare 

attention heterogeneity within a single industry. Prior studies that employ this 

measure use it at the industry level and compare attention heterogeneity between 

different industries (Abrahamson & Hambrick, 1997; Keegan & Kabanoff, 2008). 
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This study demonstrates that the lexical commonality measure can also be used at 

the firm level to compare cognition difference across firms in an industry. This 

measure can also be easily adapted by researchers of managerial attention. 

6.3 Practical Implication 

 Findings from this research offer a number of practical implications for 

managing innovation in a technology-intensive and innovation-driven industry. 

First, because of the vast amount of information and the limited information 

processing capacity of CEOs, the allocation and management of attention 

becomes a crucial practice to ensure successful technological innovation and 

long-term firm survival. Top managers need to realize that their attentional 

perspectives are heavily influenced by their demographic characteristics such as 

age, tenure, functional experience, and educational background. Further, top 

managers need to understand that they do not consciously choose to attend to 

certain information, but their disposition and experience biases their attention 

subconsciously. Therefore, to overcome these cognitive biases, managers must be 

aware of their biases and actively manage their attention so that they do not ignore 

important information. To summarize, top managers must be first aware of their 

cognitive biases in attention so that they do not overlook important issues both 

within their organizations and in the outside environment.  

 Second, once CEOs realized their biases in attention, they need to be 

involved in more mindful (controlled) information processing (Levinthal & Rerup, 

2006). As is shown from the findings, a CEO’s attention has significant impact on 

a firm’s innovation process and outcomes. Therefore, managing attention is a 
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crucial aspect in managing innovation. There are several approaches CEOs can 

adopt to overcome their attention limit, such as seeking advice from other senior 

executives and receiving feedback from organizational subunits. First, CEOs can 

seek advice from other senior managers. For example, CEOs who have 

backgrounds in output functions may ignore internal issues. To address this, they 

can actively seek for advice regarding internal organizational issues. Top 

management team is composed of senior managers who specialize in different 

areas or functions and focus their attention on their specialty area. Thus, CEOs 

can broaden their attention by regularly discussing issues with their top 

management team. Second, CEOs also need to receive feedback from 

organizational subunits. The influence of attention is not only in a top-down 

fashion, but also a bottom-up fashion. In other words, a CEO’s attention 

influences organizational subunits and members while at the same time being 

influenced by the latter. CEOs, together with other top management team 

members, need to receive feedbacks from lower levels and adjust their attentions 

accordingly. However, the bottom-up influence might be weakened significantly 

in a large organization with any hierarchical levels. Therefore, structural changes 

in organization may also be necessary to allow for a better flow of attention 

feedback. 

 Finally, top managers should broaden their attention spectrum if they 

intend to improve the quality of innovation of their firm. The findings of this 

study suggest that the breadth of attention of CEOs positively influence the rate of 

breakthrough innovations. However, one caveat is that the firms should only 
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search within the near domains of knowledge and stick close to the industry-

specific technologies. Conventional wisdom tells manages that they need to 

“think outside the box” in order to enable breakthrough innovations that bring 

about vastly advanced technologies. However, findings of this study indicate that 

searching in distal domains actually hurts a firm’s overall productivity of 

breakthrough innovations. Although firms that search in unfamiliar and distal 

domains have a higher chance to obtain novel technologies and knowledge, their 

limited absorptive capacity may prolong the integration with industry-specific 

technologies and reduce the efficiency of innovation. Individual inventors may 

benefit from this “think outside the box” perspective; however, firms have to be 

able to innovate fast and they cannot afford to spend too much time in discovery 

of new technologies that do not have potential values. As the steward of 

corporations, CEOs should enable their firms to bring about innovations that have 

commercial value and generate profits.  

6.4 Future Research 

 This research develops an attention-based model of CEO and innovation 

and it offers preliminary empirical support for the validity and predictability of 

this model. However, to further advance our knowledge regarding this subject, 

several future research avenues are worth pursuing on the investigation of 

managerial attention and innovation. 

First, more nuanced research is needed to investigate the content of a 

CEO’s attention. This research investigates the structure and pattern of a CEO’s 

attention, yet it does not examine the content of a CEO’s attention. Specifically, 
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this research considers the breadth, the spatial and temporal focus, and the 

heterogeneity of a CEO’s attention. All these dimensions reflect structural 

characteristics of a CEO’s attention, but they do not capture the meaning in the 

content of a CEO’s attention. For example, this study has shown that a CEO may 

attend to more external/environmental events rather than internal/organizational 

events. However, it does not capture the more specific content of what the CEO is 

attending to. While two CEOs both have a strong external attention focus and they 

both discuss technologies in their letters, one could discuss current technologies 

and other discuss emerging and future technologies. The meaning in the content 

of a CEO’s attention is an important factor that is likely to reflect a CEO’s 

interpretation and decision making, which ultimately will influence organization 

outcomes. Eggers and Kaplan (2009), for example, found that a firm whose CEO 

pays more attention to emerging technology enters into radical new technological 

markets faster, suggesting that the content of managerial attention is an important 

determinants of organization behaviors. Thus, more research is encouraged to 

investigate the antecedents and outcomes of the specific content of a CEO’s 

attention. 

 Second, future research is needed to investigate the contextual and 

situational factors that interact with individual dispositions to determine 

managerial attention. Theorizing and empirically testing the antecedents and 

outcomes of management attention can be very challenging because managerial 

attention is context-dependent. According to Ocasio (1997), there are three key 

interrelated premises of attention-based view of the firm - focus of attention, 
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situated attention, and structural distribution of attention. This research considers 

the first premise by theorizing and testing the influence of a CEO’s attention on 

technological innovation. By doing so, this research offers initial evidence that 

behaviors of organizational decision-makers are partially determined by their 

focus of attention; however, this research does not consider the situated attention 

and structural distribution of attention. A CEO’s attention is not only determined 

by personal dispositions but also by particular context or situations, and the 

context or situations depends on the firm’s rules, resources, and social 

relationships that regulate and control the distribution and allocation of 

information. Therefore, theorizing and testing effects of contextual factors on 

managerial attention is a very important subject that warrants more research 

efforts. 

Finally, future research is encouraged to articulate a dynamic theory of 

managerial attention. In the case of CEOs, the structure and content of their 

attention do not stay the same but changes over time due to a number of reasons. 

For example, managers’ individual psychological attributes change over their 

lifespan; their motivation and objectives change over the course of their career; 

industries and institutions evolve over time; technology advances and disrupts 

industries; and organizations progress through their life-cycle. As these forces 

change, CEOs’ attention also changes accordingly. Therefore, to further refine 

this attention-based model, the dynamic nature of managerial attention needs 

further investigation. In addition to recognize this changing nature of a CEO’s 

attention, researchers should also continue to probe into the more cognitive 
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functioning in order to capture the complex human cognition, such as memory, 

inductive reasoning, perceptual speed, and so on.  

6.5 Conclusion 

 Technological innovation is the key source of sustainable competitive 

advantage for science-based and technology-intense firms. As the most central 

decision maker of firms, CEOs are primarily responsible for managing all aspects 

of innovation to ensure long term firm survival. This dissertation develops an 

attention-based model that theorize how CEOs’ demographic backgrounds 

influence managerial attention, and how managerial attention links to different 

aspects of technological innovation. 

 This research contributes directly to upper echelons research and 

innovation research on several respects. It comprehensively examines effects of 

CEOs’ demographics attributes on their attention. It also provides an integrated 

framework of different dimensions of managerial attention - the breadth, focus, 

and heterogeneity - and examines effects of these dimensions on technological 

innovation productivity, approach, and quality. Finally, the results of the study 

also show that CEOs have distinct influences on the productivity, approaches, and 

quality of technological innovation. 

 In sum, this study extends the understanding on top executive influence on 

firm innovation, and it demonstrates that the proposed attention-based model is 

promising and this model can guide future research on strategic leadership and 

technology and innovation management.  
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TABLE 2.1 - Summary of Key Studies on Top Executive and Firm Innovation 

Article 

 

Empirical Setting Predictors Outcomes Findings 

Musteen, 

Barker, and 

Baeten (2010) 

Survey  

 

209 CEOs from 

Nonprofit 

CEO’s attitudes 

towards change 

Emphasis on 

innovation 

1. Organizations headed by CEOs with more liberal attitudes toward 

change follow Prospector strategies characterized by high levels of 

exploration to develop innovations.  

 

2. Organizations managed by CEOs who have more conservative 

attitudes toward change were found to focus more on Defender 

strategies that exploit existing advantages rather than innovations.  

 

3. Increasing CEO tenure was found to positively moderate this 

relationship. 

     

Simsek (2007) 

 

Survey  

 

495 SME CEOs 

CEO positional tenure 

 

CEO’s perceptions 

of their firm 

performance. 

CEO tenure indirectly influences performance through its direct 

influences on TMT risk-taking propensity and the firm’s pursuit of 

entrepreneurial initiatives. 

     

Kor (2006) 

 

Archival  

 

77 firms, 1990-

1995. 

Entrepreneurial 

firms that completed 

an IPO in medical 

and surgical 

instruments 

industry. 408 

observations 

TMT firm tenure 

 

TMT shared team-

specific experience 

 

Functional 

heterogeneity 

 

Outside directors 

 

Separate CEO-Chair 

R&D investment 

intensity 

1. Both top management team composition and board composition 

have direct and additive effects on R&D investment intensity. 

 

2. Firms opt for lower levels of R&D investment intensity when their 

outsider-rich board interacts with a team of managers who have high 

levels of (1) firm tenure, (2) shared team-specific experience, or (3) 

functional heterogeneity. 

 

1
1
8
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TABLE 2.1 (continued) 

 
Musteen, 

Barker, and 

Baeten (2006) 

 

Survey  

 

271 CEOs from 

nonprofit 

organizations 

CEO positional 

tenure  

 

CEO 

throughput 

functional 

background 

 

CEO age 

 

CEO gender 

CEO’s attitude 

toward change 

 

1. CEO tenure has a significant direct and modifying association with 

attitude toward change with the central tendency of CEOs to become more 

conservative as their tenure increases.  

 

2. CEO gender, functional background experience and diversity of 

functional experiences were also found to be associated with attitude 

toward change.  

 

3. With the exception of gender, the effect of these variables on attitude 

toward change diminishes as tenure increases. 

     

Wu, Levitas, 

and Priem 

(2005) 

Archival  

 

84 

biopharmaceutical 

firms. 1992-1996. 

339 firm-year 

observations 

CEO positional 

tenure 

Firm inventiveness 

(Total number of 

patents a firm 

successfully files in a 

single year) 

1. Results indicate a curvilinear, inverted U-shaped overall relationship 

between CEO tenure and invention.  

 

2. Technological dynamism shifts this curve in such a way that short-

tenured CEOs engender more invention under highly dynamic 

technological environments, while long-tenured CEOs spur greater 

invention under more stable technology environments. 

     

Barker and 

Mueller (2002) 

Archival  

 

172 firms 

CEO positional 

tenure 

 

CEO age 

 

CEO career  

experience 

 

CEO education 

 

CEO stock 

ownership 

R&D spending 

(Total R&D dollars 

spent per employee) 

1. R&D spending is greater at firms where CEOs are younger, and have 

greater wealth invested in firm stock and significant career experience in 

marketing and/or engineering/R&D. 

 

2. The amount of a CEO's formal education had no significant association 

with R&D spending once a CEO has attained a college degree. However, 

significant R&D spending increases are found at firms where CEOs have 

advanced science-related degrees.  

 

3. CEO effects on relative R&D spending increase with longer CEO tenure 

implying that CEOs, over time, may mold R&D spending to suit their own 

preferences. 

1
1
9
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TABLE 2.1 (continued) 
 

Miller and 

Shamsie 

(2001) 

Archival  

 

7 studios across 30 

years, N=210 

CEO positional 

tenure 

 

Product line 

experimentation 

 

Financial 

performance 

1. Product line experimentation declines over the course of executive 

tenure. 

 

2. There is an inverse U-shaped relationship between top executive tenure 

and an organization’s financial performance. 

 

3. Product line experimentation is more likely to benefit financial 

performance late in top executive tenure. 

     

Daellenbach, 

McCarthy, and 

Schoenecker 

(1999) 

Archival  

 

57 firms in metals 

and semiconductor 

industry 

TMT tenure 

 

TMT functional 

background 

 

TMT 

educational 

background 

 

TMT 

Functional 

diversity 

 

CEO openness 

to innovation 

Commitment to 

innovation 

(R&D 

expenditures/sales ) 

1. A positive relationship between the technical orientation of the 

TMT/CEO and above-average R&D intensity has been found.  

 

2. This effect remains after controlling for the impact of performance in 

prior periods and firm diversification. 

 

     

Datta and 

Guthrie (1994) 

Archival 

195 succession 

events  during 1980-

1989 among 

Business Week 

1000 firms 

Profitability 

 

R&D intensity 

 

Outsider CEO 

 

CEO functional 

experience 

 

CEO education level 

1. There is a strong association between poor performance and a propensity 

for firms to select outside executives as CEOs.  

 

2. R&D intensity is associated with selected CEOs having higher 

educational levels and technical functional backgrounds. 

1
2
0
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TABLE 2.1 (continued) 
 

Hoffman and 

Hegarty (1993) 

 

Survey  

 

361 top managers 

from 97 business 

units 

TMT 

Functional 

expertise 

 

Environmental 

scanning 

 

Planning and 

control 

Influence on 

innovation 

 

Different executive characteristics explain influence on each type of 

innovation. The influence process differed across cultures for 

administrative innovation but not for product/market innovations. 

     

Thomas, 

Litschert, and 

Ramaswamy 

(1991) 

 

Archival 

 

224 firms in 

electronic 

computing 

equipment industry 

Coalignment of 

executive 

characteristics 

and strategic 

orientation 

 

Organizational 

performance 

1. Organizations pursuing distinctly dissimilar strategies will be led by 

managers possessing distinctly dissimilar attributes. 

 

2. The coalignment between executive characteristics and strategy had 

significant performance implications for Prospectors. However, in the case 

of Defender organizations, the results were less definitive. 

     

Bantel and 

Jackson (1989) 

 

 

Survey  

 

199 CEOs from 

banks 

TMT age 

heterogeneity 

 

TMT tenure 

heterogeneity 

 

TMT functional 

area 

heterogeneity 

 

TMT 

educational  

heterogeneity 

Technical innovation 

 

Administrative 

innovation 

 

1. More innovative banks are managed by more educated teams who are 

diverse with respect to their functional areas of expertise.  

 

2. These relationships remain significant when organizational size, team 

size, and location are controlled for.  

     

1
2
1
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TABLE 2.1 (continued) 
 

Chaganti and 

Sambharya 

(1987) 

Archival  

 

3 tobacco 

companies 

TMT outsider 

orientation 

 

TMT functional 

orientation 

Firm strategic 

orientation 

1. Prospectors, compared to analyzers, tend to have stronger outsider, R&D 

and production orientation and weaker finance orientation. 

 

2. Analyzers, compared to defenders, tend to have stronger outsider, R&D 

and production orientation and weaker finance orientation.  

     

 

1
2
2
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TABLE 2.2 - Summary of Key Studies on Top Executive Attention 

Article  

 

Research Focus Empirical Setting Predictors Outcomes Findings 

Chen, Bu, Wu, & 

Liang (2015) 

The effects of TMT 

attention to 

innovation of firm’s 

innovation activities 

in China 

Panel data 

 

394 firms from 

2006 to 2011 

TMT attention to 

innovation 

Firm innovation 1. TMT attention to innovation is positively 

associated with a firm’s patent application. 

 

2. This relationship is stronger when a firm is a 

private enterprise, has a large board of directors, or 

has few independent directors. 

      

Nadkarni & 

Chen (2014) 

CEO’s temporal 

focus and the 

company’s new 

product introduction 

Panel data 

 

221 firms in 19 

industries from 

1996 to 2003 

CEO past focus 

 

CEO present 

focus 

 

CEO future focus 

New product 

introductions 

1. In stable environments, new products are 

introduced faster in firms headed by CEOs with high 

past focus, high present focus and low future focus.  

 

2. In dynamic environments, new products are 

introduced faster in firms headed by CEOs with low 

past focus, high present focus and high future focus. 

      

Li, Maggitti, 

Smith, Tesluk, & 

Katila (2013) 

The role of TMT 

search selection and 

intensity in new 

product introductions 

Cross-sectional 

 

61 high-

technology firms 

 

Attention measure: 

 

Survey 

Terrain 

unfamiliarity 

 

Terrain distance 

 

Terrain source 

diversity 

 

Search effort 

 

Search persistence 

New product 

introductions 

1. TMTs that attend to search locations that contain 

novel, vivid, and salient information introduce more 

new products. 

 

2. TMTs’ persistent attention in search intensity may 

lead to increases in new product introductions. 

 

3. Search intensity must fit the selected location of 

search to maximize new product introductions. 

 

      

1
2
3
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TABLE 2.2 (continued) 
 

 

Nigam & Ocasio 

(2010) 

To develop theory 

that explains how 

events create 

opportunities for 

cognitive realignment 

and transformation in 

institutional logics. 

Case analysis of 

attention to 

Clinton’s health 

care reform 

 

n/a n/a 1. Attention to events triggers top-down and bottom-

up sensemaking. 

 

2. The interplay between attention and 

environmental sensemaking over the event life 

course led to the emergence and adoption of a field-

level logic of managed care. 

      

Rerup (2009) To examine the link 

between attention to 

weak cues and 

learning from rare 

events 

Case analysis of 

rare events at 

Novo Nordisk 

n/a n/a 1. Attentional triangulation forms a basis for 

effective learning by helping organizations to 

proactively attend to subtle cues. 

 

2. Attention stability, vividness, and coherence 

influence the learning from rare events 

      

Bouquet, 

Morrison, & 

Birkinshaw 

(2009) 

The influence of 

headquarter executive 

international attention 

on MNE performance 

Survey 

 

135 MNEs in 13 

industries 

 

 

Global scanning 

 

Overseas 

communications 

 

Globalization 

discussions 

 

ROA 

 

ROE 

 

ROS 

1. International attention can be operationalized as a 

meta-construct consists of three dimensions. 

 

2. International attention has an inverted U-shape 

relationship with MNE performance. 

 

3. Executive international experience, independence 

of value-adding activities, and industry dynamism 

strengthens the relationship between international 

attention and MNE performance 

      

      

      

      

      

      

1
2
4
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TABLE 2.2 (continued) 
 

 

Eggers & Kaplan 

(2009) 

The effects of 

managerial cognition 

and organizational 

orientation on 

adaptation to 

technical change  

Archival 

 

26 firms from 

1976 to 2001 in the 

communication 

technology 

industry 

CEO attention to 

emerging 

technology 

 

CEO attention to 

existing 

technology 

 

Organizational 

orientations 

Entry into fiber-

optics market 

1. CEO attention to emerging technology accelerates 

the entry and commercialization of the emerging 

technology. 

 

2. This effect is amplified by an organization’s 

experience in the industry. 

      

Kaplan (2008) The interacted effects 

of CEO cognition, 

organizational 

capabilities, and 

organizational 

incentives on firm 

investments in new 

technology 

Archival 

 

71 firms from 

1982 to 2001 in the 

communication 

technology 

industry 

  

CEO attention to 

optics 

 

Organizational 

incentives 

 

Organizational 

capabilities 

Investment in 

optics 

1. Changes in CEO attention to optics affect the 

subsequent degree of optical patenting in a firm. 

 

2. The alignment of CEO attention, organizational 

incentives and capabilities toward the adoption of a 

new technology leads to the greatest level of change. 

 

3. CEO attention can compensate when 

organizational incentives and capabilities are 

lacking. 

      

Ocasio & Joseph 

(2008) 

How attentional 

channels shape 

strategic planning 

Case analysis on 

General Electric 

Company 

 

 

Governance 

channels 

Changes in 

strategic 

planning 

Specialized governance channels for decision-

making and communications focus attention of 

corporate executives on distinct, yet critical, 

planning tasks to shape the corporate agenda. 

      

      

      

      

1
2
5
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TABLE 2.2 (continued) 
 

Kabanoff & 

Brown (2008) 

The influence of 

managerial attention 

configuration on 

performance 

Archival 

 

5000 annual 

reports from 2006 

Australian 

companies 

 

 

Top team’s 

knowledge 

structures 

 

Strategic groups 

ROA 

 

ROE 

1. Top managers’ attention structures can be 

described in terms of the strategic issues or themes 

that Miles and Snow  (1978) used to describe their 

strategic types.  

 

2. Top managers’ attention structures create 

performance differences.  

      

Nadkarni & Barr 

(2008) 

Managerial cognition 

as a mediator for 

industry context and 

strategic action 

Archival 

 

24 firms from 

1970 to 1994 

 

Industry  velocity 

 

Attention focus 

 

Causal logics 

Speed of 

response to 

environmental 

change 

1. Industry velocity influences the structure of 

cognitive representations of top managers, which in 

turn influence the speed of response to 

environmental events 

      

Yadav, Prabhu, 

& Chandy (2007) 

The influence of 

CEO’s attention on 

firm’s detection, 

development, and 

deployment of new 

technologies 

Archival 

 

176 banks from 

1990 to 2004 

 

CEO attention 

focus to future 

 

CEO external 

focus 

 

CEO internal 

focus 

Speed of 

detection 

 

Speed of 

development 

 

Breadth of 

deployment 

1. Firms with CEOs who attend to the future more 

are faster at detecting new technological 

opportunities and developing and deploying new 

products. 

 

2. Firms whose CEOs attend more to the external 

environment are faster at detecting new 

technological opportunities and developing new 

products.  

 

3. Firms whose CEOs direct more attention to the 

internal environment are slower at detecting but 

faster at developing new technological opportunities.  

      

      

      

      

1
2
6
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TABLE 2.2 (continued) 
 

Chen & Miller 

(2007) 

The situational and 

institutional 

determinants of 

firms’ R&D intensity 

Panel data 

 

manufacturing 

companies with 

SIC 2000 to 3999 

from 1980 to 2001 

Aspirations 

 

Distance from 

bankruptcy 

 

Slack 

R&D intensity Stable firm-specific R&D investment patterns and 

variations in R&D intensity depend on managers’ 

shifting attention focus on firm performance relative 

to aspirations, proximity to bankruptcy, and slacks.  

      

Cho & Hambrick 

(2006) 

The role of 

attentional orientation 

of TMTs in strategy 

changes  

Archival 

 

30 airline 

companies from 

1973 to 1986 

  

Deregulation 

 

TMT composition 

 

TMT 

compensation 

Entrepreneurial 

attention 

 

Strategic change 

 

 

1. Deregulation causes a shift in managerial 

attention, but this shift in attention is the greater for 

firms that changed the composition and 

compensation of their TMTs in ways that favored 

the deregulation. 

 

2. Attention mediates the relationship between TMT 

changes and strategy changes. 

      

Thornton & 

Ocasio (1999) 

Historical 

contingency of 

executive power and 

succession in the 

higher education 

publishing industry 

Archival and 

Survey 

 

230 firms in the 

book publishing 

industry 

 

 

Founder 

 

Imprints 

 

Division 

public/private 

ownership 

 

Acquired 

 

Resource 

competition 

Executive 

succession 

1. Institutional logics moderate attention to market 

and organizational factors. 

 

2. When, whether, and how executives deploy their 

power to affect succession in organizations is 

conditional on the prevailing institutional logic in an 

industry.  

      

 

1
2
7
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TABLE 3.1 - Summary of Not-Hypothesized Relationships 

Relationship 

 

Arguments for non-existence of the relationship 

CEO Age  

and  

External/Internal Attention 

Focus 

CEO age reflects the general attentional capacity. External and 

internal focus reflects the spatial bias and tendency of an 

executive’s attention, and it is independent from the overall 

attention capacity. Therefore, CEO age is not expected to be 

related to external/internal attention focus. 

  

CEO Age  

and  

Future Attention Focus 

Future attention focus reflects a CEO’s general tendency to 

allocate more attentional resources to events that have yet to 

occur, and thus it is independent from the overall attentional 

capacity. Therefore, CEO age is not expected to be related to 

future attention focus. 

  

CEO Age  

and  

Attention Heterogeneity 

Attention heterogeneity reflects the degree of departure of a 

CEO’s attention from those of their competitors and it is also 

independent from overall attention capacity. Therefore CEO age 

is not expected to be related to attention heterogeneity. 

  

CEO Functional Background  

and  

Future Attention Focus 

CEO functional background is categorized as either output or 

throughput, and it is expected to influence attention bias in 

spatial orientation. However, future attention focus is concerned 

with the temporal orientation of attention bias and is another 

dimension. Therefore, the output/throughput function 

background is not expected to be related to future attention 

focus. 

  

CEO Functional Background  

and  

Attention Heterogeneity 

CEO attention heterogeneity reflects the uniqueness or departure 

of a focal CEO’s attention from their peers. Yet, functional 

background is expected to influence the general tendency of a 

CEO’s attention towards external or internal stimuli and it does 

not reflect the uniqueness of a CEO’s attention. Therefore, CEO 

functional background is not expected to be related to attention 

heterogeneity. 

  

CEO Education Background  

and  

Attention Breadth 

CEO education background is operationalized as business/legal 

or science/engineering. CEO education background reflects their 

cognitive biases specifically regarding their risk-preference. 

Risk-preference does not predict a person’s general breadth of 

attention. Thus, CEO education background is not expected to 

be related to attention breadth. 

  

CEO Education Background  

and  

External/Internal Attention 

Focus 

Likewise, business/legal or science/engineering educated CEOs 

are expected to have different risk-preference and temporal 

orientation, and the education background does not affect their 

cognitive biases in the spatial orientation. Therefore, CEO 

education background is not expected to be related to 

external/internal attention focus. 
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TABLE 3.1 (continued) 

 
CEO Education Background  

and  

Attention Heterogeneity 

Similarly, CEO’s risk-preference and cognitive biases in the 

temporal orientation is not expected to be related to the 

uniqueness of their attention. Therefore, CEO education 

background is not expected to be related to attention 

heterogeneity. 

  

CEO Tenure  

and  

Attention Breadth 

CEO tenure reflects the risk-preference and psychological 

commitment to their firm. The longer their tenure, the more 

risk-averse and more committed to the firm. Neither of these 

will influence a CEO’s overall attention capacity. Therefore, 

CEO tenure is not expected to be related to attention breadth. 

  

CEO Tenure 

and  

Attention Heterogeneity 

The longer a CEO’s tenure, the more risk-averse he/she is, and 

the CEO will be more likely to focus on short-term goals. On 

the other hand, the longer a CEO’s tenure, the more 

psychologically committed and internally-oriented he/she is. 

None of these mechanisms have effects on the uniqueness of a 

CEO’s attention. Therefore, CEO tenure is not expected to be 

related to attention heterogeneity. 

  

Outside-Industry CEO and  

Attention Breadth 

CEOs that come from a different industry bring in fresh 

perspective and different set of knowledge and skills. Therefore, 

their origin does not indicate any differences in terms of their 

overall attention capacity or attention biases. Further, industry 

characteristics are not expected to have any relationship with a 

CEO’s overall cognitive capacity. Therefore, outside-industry 

CEO is not related to attention breadth.  

  

Outside-Industry CEO and  

External/Internal Attention 

Focus 

Similarly, CEOs that have cross-industry moves are not 

different in the spatial orientation of attention from those who 

move in the same industry. They attend to different sets of 

information but they may have the same biases in the spatial 

orientation. Industry characteristics may have an influence on 

CEOs’ spatial orientation. For example, CEOs from downstream 

industry may attend more heavily to market and consumer 

information. However, the outside-industry CEO is a binary 

variable that indicates whether CEOs are from another industry, 

but it does not measure the specific industry characteristics. 

Therefore, the outside-industry origin of CEOs is not expected 

to be related to their external/internal attention focus.  

  

Outside-Industry CEO and  

Future Attention Focus 

Similarly, CEOs that come from a different industry are not 

expected to have different future attention focus from those that 

come from the same industry. This study only looks at whether 

a CEO is coming from another industry but it does not consider 

the specific industry characteristics. For example, this 

hypothesis is based on whether a CEO is from another industry 

but not which industry he/she is from. While previous industry 

experience is likely to influence a CEO’s attentional biases, it is 

not the emphasis of this study. Therefore, outside-industry 

origin of CEOs is not expected to have relationship with their 

future attention focus. 
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TABLE 3.1 (continued) 

 
Attention Breadth  

and Exploratory/Exploitative 

Innovation 

CEOs having a broader attention obtain more diverse 

information. They have a more holistic picture of the internal 

organizational conditions as well as external conditions 

surrounding the organization. They are more likely to notice 

issues and opportunities which enhance the overall innovation 

productivity. Further, they are more likely to capture unfamiliar 

and distant information which may increase the likelihood of 

producing more important innovations. However, the breadth of 

attention does not influence the process of innovation. 

Therefore, attention breadth is not expected to be related to 

exploratory/exploitative innovation. 

  

External/Internal Attention 

Focus  

and  

Innovation Productivity 

External/internal attention focus is the spatial orientation of a 

CEO’s attention. An externally-oriented CEO attends more 

heavily to external information such as market competition, 

consumers, and emerging technologies; while an internally-

oriented CEO allocate more attentional resources to operations 

and efficiency of organizations. The spatial orientation of a 

CEO influences the search location of organizations and thus the 

innovation processes but it has no relationship with the overall 

innovation productivity. Therefore, external/internal attention 

focus of CEOs is not expected to be related to innovation 

productivity 

  

External/Internal Attention 

Focus  

and  

Breakthrough Innovation 

In a similar vein, external/internal attention focus of a CEO is 

expected to influence the location of search. Firms with 

externally-oriented CEOs perform more distant search, and 

firms with internally-oriented CEOs perform more local search. 

Thus, external/internal attention focus of a CEO influences the 

process and approach of a firm’s innovation; however, it has no 

effects on the productivity or quality of innovation. Therefore, 

external/internal attention focus of CEOs is not expected to be 

related to breakthrough innovation. 

  

Future Attention Focus and 

Exploratory/Exploitative 

Innovation 

Future attention focus is the temporal orientation of a CEO’s 

attention. CEOs with stronger future focus allocate more 

attention to events that are yet to occur. Therefore, they are 

more likely to have a long-term perspective and willing to invest 

in innovation, and this will increase the firm’s innovation 

productivity. However, the temporal orientation does not 

influence the approach of innovation. CEOs with stronger future 

focus are more willing to challenge the status-quo and 

encourage innovation, but the approach of innovation is an 

independent dimension that is driven by other factors. 

Therefore, future attention focus of CEOs is not expected to be 

related to exploratory/exploitative innovation.  
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TABLE 3.1 (continued) 

 
Future Attention Focus and  

Breakthrough Innovation 

Similarly, CEOs with stronger future focus are more open to 

new ideas and emphasize more in innovation. As a result, firms 

invest more resources in innovation which will result in greater 

volume of innovation outputs. Yet, the technological importance 

of innovation is an independent dimension of the overall volume 

of innovation output. Therefore, future attention focus of CEOs 

is not expected to be related to breakthrough innovation. 

  

Attention Heterogeneity and  

Innovation Productivity 

Attention heterogeneity reflects the uniqueness of a CEO’s 

attention, or the degree of departure of a CEO’s attention from 

their competitors. When a CEO’s attention departs from the 

common set of industry knowledge, the firm is more likely to 

discover new knowledge outside of the familiar domains, and 

the integration of this knowledge may lead to breakthrough 

innovation. Therefore, attention heterogeneity influence the 

technological importance of innovation but it is not expected to 

have any effects on innovation productivity. Therefore, attention 

heterogeneity of CEOs is not expected to be related to 

innovation productivity. 

  

Attention Heterogeneity and 

Exploratory/Exploitative 

Innovation 

In a similar vein, innovation approach is an independent 

dimension from the technological importance of innovation. 

While attention heterogeneity influences the degree of 

technological advancements of innovation, it has no effect on 

approaches of innovation. Therefore, attention heterogeneity of 

CEOs is not expected to influence exploratory/exploitative 

innovation. 
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TABLE 4.1 - Word Lists for CEO Attention Breadth Domains 

CEO Attention Breadth 

Domain 

Content Analysis Words With Expert Validation 

Finance/Accounting accounting, annuity, assets, audit, balance sheet, bank, bankers, banking, bankruptcy, banks, bill, billable, billing, billings, bond, 

bonds, bonus, brokerage, brokers, budget, budgets, capital, capitalization, capitalize, cash, cashflow, cash-flow, cashing, charge, 

charges, common shares, cost, credit, creditor, debenture, debit, debt, derivative, divestiture, dividend, dividends, earnings, 

economic, equity, equivalents, expenditure, expenditures, expense, expenses, finance, financial, financial analyst, financial capital, 

financially, financials, financing, fiscal, fixed-income, fund, funded, funding, funds, GAAP, growth, income, indebtedness, 

industry analyst, interest, investing, investment, investments, investor, investors, lender, leverage, leveraging, liquidate, liquidity, 

loss, margin, margins, monetization, monetize, net income, net loss, net sales, operating income, operating loss, options, overhead, 

payment, payments, performance, portfolio, portfolios, prepaid, pretax, pre-tax, pricing, proceeds, profit, profitability, profitable, 

profits, promissory note, prospects, receivable, receivables, refinance, refinancing, restated, returns, revenue, revenues, securities, 

share, shareholder, shareholders, shareowner, shareowners, shares, spending, stockholder, stockholders, stocks, transaction 

  

Sales/Marketing advertiser, advertisers, advertising, adwords, aftermarket, attacks, audience, audiences, best-selling, blockbuster, brand, branded, 

branding, brands, business opportunities, buyers, catalog, catalogs, client, clients, client-centric, client-focused, co-marketing, 

commerce, commercial, commodities, commoditizing, commodity, compete, competing, competition, competitive, 

competitiveness, competitors, consumerization, consumers, consumption, customer, customer demands, customer focus, customer 

support, customer-centric, customer-driven, customers, deal, dealer, dealer-direct, dealers, deals, demands, direct-to-consumer, e-

Commerce,  emerging market, expansion, leader, markers, market, market condition, market opportunities, market trend, 

marketable, market-driven, marketers, marketing, market-leading, marketplace, marketplaces, markets, market-specific, 

merchandise, merchant, merchants, position, positioning, price, prices, pricing, product offerings, promotion, promotions, 

prospects, retail, retailer, retailers, sales, sector, segment, seller, sellers, selling, services, solution, solutions, submarket, target, 

technical support, vertical 

  

Human Resource alumni, assistant, associate, career, careers, coaching, co-chairman, co-chief, colleague, colleagues, compensation, credibility, 

decision-makers, department, departments, designer, designers, developer, developers, division, divisions, employee, employees, 

employer, employers, employment, engineer, engineers, executive, executives, expertise, group,  hire, hired, hires, hiring, human, 

incentive, incentives, individuals, inventor, leader, leaders, leadership, manager, managers, mentor, mentors, occupational, office, 

offices, operator, operators, pay-for-performance, payroll, pension, person, personnel, professional, professionals, programmers, 

recruit, recruiters, recruiting, recruitment, researcher, researchers, retirement, salary, salesforce, salesperson, scientists, staff, 

staffing, succession, team, technician, technicians, training, veterans, wage, wages, work environment, worker, workers, 

workforce, workgroup, worklife, workplace 

1
3
2
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TABLE 4.1 (continued) 

 
Legal/Regulation antitrust, authorization, bureau, certificate, certificates, certification, certified, compliance, contract, contracts, copyright, federal, 

governance, government, governments, governor, governors, illegal, ISO, legal, license, licensed, licensee, licenses, licensing, 

litigation, obligations, policies, policy, privacy, properties, property, proprietary, regulations, regulatory, responsibilities, 

responsibility, standard, standards, surveillance, taxpayers, tax-related, trademark, trustee, trustees, unauthorized, underwriter 

  

Manufacturing/Operation backlog, capacity, consolidated, consolidation, co-production, cost-effective, cost-efficiency, cost-efficient, costly, cost-reduction, 

costs, deploy, deployable, deployed, deploying, deployment, deployments, division, efficiency, integrate, integrated, integrating, 

integration, lean, logistics, machine, machines, manufacture, manufacturer, manufacturers, manufacturing, OEM, OEMs, offshore, 

offshore-based, operate, operating, operation, operational, operational efficiency, operations, optimization, optimize, optimized, 

optimizing, outsourcing, procurement, produce, production, productivity, QA, Quality Assurance, reengineer, reengineering, 

scalability, scalable, scale, scaling, shipments, streamline, streamlined, streamlining, supplier, suppliers, transformation, 

transportation, warehouse, warehousing 

  

R&D/Technology academic, academy, ADSL, advancements, advent, algorithms, all-digital, analog, analogue, antivirus, application, applications, 

appserver, architects, architectural, architecture, architectures, bandwidth, biometric, biometrics, BIOS, blueprint, broadband, 

chips,  chipset, chipsets, coding, compiler, computational, computer-aided, computer-based, cross-platform, cyber, 

cybersecurity, data, database, databases, datacenter, datacenters, diagnostic, diagnostics,  digital, digitized, discoveries, discovery, 

ease-of-use, ecosystem, ecosystems, egovernment, ehealth, e-health, emergence, encryption, end-users, e-payment, e-payments, 

exploitation, exploration, functionality, future, future-proof, hardware, Information Technology, initiatives, innovate, innovating, 

innovation, innovations, innovative, innovative, intellectual, intellectual property, intelligence, intelligent, invent, invented, IT, 

knowledge, launch, Management Information System, microprocessor, multicore, new technology, patent, patents, platform, 

product development, programming, prototype, prototyping, R&D, research, research and development, science, sciences, 

scientific, SoC, software, software-as-a-service, softwares, system-on-a-chip, systems, technological, technologies, technology, 

videoconferencing, virtualization 

  

1
3
3
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TABLE 4.2 - Word Lists for CEO Future Attention Focus 

 

Dictionary of Future Focus from Linguistic Inquiry and Word Count 

couldve, could've, gonna, gotta, he'll, I'll, itll, it'll, may, might, must, mustnt, 

must'nt, mustn't, mustve, must've, ought, oughta, oughtnt, ought'nt, oughtn't, 

oughtve, ought've, shall, she'll, should, shouldnt, should'nt, shouldn't, shouldve, 

should've, thatll, that'll, theyll, they'll, we'll, wholl, who'll, will, wont, won't, 

would, wouldnt, wouldn't, wouldve, would've, youll, you'll 
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TABLE 4.3 - Example of the Lexical Commonality Measure 

 

Word Letter 1 Letter 2 Letter 3 
Word 

Commonality 

Sales 3 10 1 100% 

Assets 4   33% 

Costs 5 2 1 100% 

Margins  3 1 66% 

     

Calculation of 

Letter 

Commonality 

(3×100% + 

4×33% + 

5×100%)/(3+4+5) 

(10×100% + 

2×100% + 

3×66%)/(10+2+3) 

(1×100% + 

1×100% + 

1×66%)/(1+1+1) 

 

Letter 

Commonality 
78 93 89  
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TABLE 4.4 - Variable Measurements and Coding Procedures 

Variable Definition Measure Decision Rules/Coding Procedure Data Source 

 

CEO age 

 

The age of the 

incumbent CEO 
𝐶𝐸𝑂 𝑎𝑔𝑒
= 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑐𝑎𝑙𝑒𝑛𝑑𝑎𝑟 𝑦𝑒𝑎𝑟
− 𝐵𝑖𝑟𝑡ℎ 𝑦𝑒𝑎𝑟 𝑜𝑓 𝐶𝐸𝑂 

1. Presumably the dataset should be in a panel-data format. The dataset must 

contain the year of birth of CEO, and the current calendar year. 

 

2. For each calendar year, compute the CEO age with the formula. 

 

3. If YOB of CEO is missing, code the CEO age as missing.  

BoardEx 

EDGAR 

Execucomp 

     

CEO tenure The positional tenure 

of the incumbent CEO 
𝐶𝐸𝑂 𝑡𝑒𝑛𝑢𝑟𝑒
= 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑐𝑎𝑙𝑒𝑛𝑑𝑎𝑟 𝑦𝑒𝑎𝑟
− 𝑌𝑒𝑎𝑟 𝑎𝑝𝑝𝑜𝑖𝑛𝑡𝑒𝑑 𝑎𝑠 𝐶𝐸𝑂 

1. Presumably the dataset should be in a panel-data format. The dataset must 

contain the year a CEO officially start his/her job. 

 

2. For each calendar year, compute the CEO tenure with the formula. 

 

3. For the founder CEOs who start their firm as the CEO, the starting year is 

when they founded the company. In this case, the CEO position tenure equals 

to their firm tenure. 

 

4. In rare cases, a CEO could leave for some time and then come back as the 

CEO again (e.g., Steve Jobs). In this case, he/she will have two starting years. 

BoardEx 

EDGAR 

Execucomp 

     

CEO education The education 

background of the 

incumbent CEO 

The dominant educational 

discipline of a CEO, which is 

defined as the first formal 

education discipline that has the 

greatest impact on a CEO’s 

knowledge structure and 

cognitive bias. 

 

 

 

1. Examine a CEO’s area of college degree. 

 

2. If a person’s area of study cannot be determined by college degree, look at 

graduate degree.   

 

3. If undergrad degree and graduate degree are not consistent, code with the 

undergrad degree. 

 

4. CEOs’ education background are coded into these following four 

categories: 

 

1= Business (BSBA, BS in business, MBA, MS in business, DBA) 

2= Science (BS, MS, PhD in science disciplines) 

3= Legal (LLB, LLM, JD) 

4 = Others (Liberal Arts degree)  

BoardEx 

EDGAR 

Bloomberg 

1
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TABLE 4.4 (continued) 

 
CEO functional 

experience 

The functional 

experience of the 

incumbent CEO 

The dominant functional 

background of a CEO, which is 

defined as the first and longest 

formal functional areas of a CEO. 

 

Output functional background: 

R&D, Engineering, Sales, and 

Marketing. 

 

Throughput functional 

background: Finance, 

Accounting, Legal, 

Manufacturing/Production, 

General Management, HR 

 

 

1. It is common for a CEO to alternate between several functional areas. 

 

2. Thus, record each functional area chronically. The starting year and ending 

year of an executive’s career in each functional area. 

 

3. Usually, the first formal functional area is also the longest in an 

executive’s career history. However, there are exceptions. 

 

4. In the dissertation, functional areas are coded as the following: 

 

1 = Finance/Accounting 

2 = General Management 

3 = HR 

4 = Law 

5 = Manufacturing/Production 

6 = R&D 

7 = Sales/Marketing 

BoardEx 

EDGAR 

Bloomberg 

     

CEO diverse 

function 

The diversity of a 

CEO’s prior functional 

experience 

The number of different 

functional areas a CEO has 

experience in before becoming 

the CEO. 

1. This measure can be computed after all the dummy variables of functional 

areas are coded. 

 

2. Sum the values of all dummy variables of functional areas. 

BoardEx 

EDGAR 

Bloomberg 

 

 

    

Outside-

industry CEO 

CEOs who have 

industry tenure of less 

than two years in the 

same four-digit 

industry 

 

Intra-firm = CEOs with firm 

tenure of at least two years before 

promoted to be the CEO 

 

Intra-industry = CEOs with firm 

tenure of less than two years but 

with industry tenure of at least 

two years in the same four-digit 

industry that the focal firm is in. 

 

Outside-industry = CEOs who 

have industry tenure of less than 

two years in the same four-digit 

industry 

1. The dataset should have these three variables: year the CEO start working 

in the focal industry (4-digit SIC); year the CEO join the focal firm; and year 

the CEO start his/her job. 

 

2. Let’s call this YearSIC, YearFirm, YearCEO. The coding rules are: 

 

Intra-firm = 1 if YearCEO – YearFirm >= 2 

Intra-industry = 1 if YearCEO – YearSIC >= 2 

Outside-industry = 1 if YearCEO – YearSIC < 2 

 

Note that it is possible that YearSIC == YearFirm. A CEO is categorized as 

both intra-firm and intra-industry in this case. 

 

For founding CEOs, it is possible that YearSIC == YearFirm == YearCEO. 

BoardEx 

EDGAR 

Bloomberg 

1
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TABLE 4.4 (continued) 
 

CEO attention 

breadth 

The breadth of a 

CEO’s attention 

captures the number of 

issues and stimuli this 

CEO attends to during 

a given period. 

𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑏𝑟𝑒𝑎𝑑𝑡ℎ =  1/ ∑ 𝑝𝑖
2

𝑛

𝑖=1

 

 

pi : percentage of words in each 

category  

n :  total number of categories 

1. For each CEO letter, count the number of words in the six functional 

domains according to the attention breadth dictionary (see Table 4.1) 

 

2. For each functional domain, compute the ratio of words in that domain to 

the total number of words in a letter.  

CEO Letter 

     

CEO future 

attention focus 

CEO’s attention 

directed at events that 

have yet to occur. 

 

 

𝐹𝑢𝑡𝑢𝑟𝑒 𝑎𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 =  ln (
𝑅𝑓

1−𝑅𝑓
)  

 

Rf : ratio of number of future 

attention words to number of total 

words in a letter 

1. For each CEO letter, count the number of words in LIWC future attention 

focus dictionary (see Table 4.2). 

 

2. Divide the number from Step 1 by total number of words in the letter. 

CEO Letter 

 

 

    

CEO external 

attention focus 

External attention 

focus refers to the 

intensity of attention 

devoted to objects 

whose primary locus is 

outside the firm. 

𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑎𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 =  ln (
𝑅𝑒

1−𝑅𝑒
)  

 

Re : ratio of number of external 

attention words to number of total 

words  

1. For each CEO letter, count the number of words in all the functional 

domains according to the dictionary of attention breadth (see Table 4.1), and 

sum all the numbers. 

 

2. Sum the number of words in these domains: R&D, sales, marketing. 

 

3. Divide the number in Step 2 by the sum number in Step 1. 

CEO Letter 

     

CEO internal 

attention focus 

Internal attention focus 

refers to the intensity 

of attention paid to the 

internal organization. 

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑎𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 =  ln (
𝑅𝑖

1−𝑅𝑖
)  

 

Ri : ratio of number of external 

attention words to number of total 

words  

1. For each CEO letter, count the number of words in all the functional 

domains according to the dictionary of attention breadth (see Table 4.1), and 

sum all the numbers. 

 

2. Sum the number of words in these domains: finance/accounting, HR, legal, 

manufacturing. 

 

3. Divide the number in Step 2 by the sum number in Step 1. 

CEO Letter 

     

     

     

     

     

     

1
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TABLE 4.4 (continued) 
 

CEO attention 

heterogeneity 

The extent to which a 

CEO’s attention 

departs from the 

shared-knowledge of 

their peers in the 

industry 

𝐿𝑒𝑥𝑖𝑐𝑎𝑙 𝑐𝑜𝑚𝑚𝑜𝑛𝑎𝑙𝑖𝑡𝑦

=
∑ 𝐹𝑖 × 𝑄𝑖

𝑛
𝑖=1

∑ 𝐹𝑖
𝑛
𝑖=1

 

 

Fi: the frequency of appearance 

word i in one CEO letter;  

 

Qi: is the percentage of CEO 

letters that also used the word i;  

 

n: is the total number of words in 

one CEO letter. 

 

 

1. A computer program is specifically written to calculate lexical 

commonality. 

 

2. This program first reads all the CEO letters. Then, it counts frequency of 

all non-numeric words in each letter. 

 

3. Then, based on information from Step 2, each word’s commonality is 

determined.  

 

4. The number of times each word is used in one letter is multiplied by the 

word’s commonality. 

  

5. The sum of all such calculations for each word in each letter produces the 

letter’s lexical commonality.  

CEO Letter 

 

 

    

Innovation 

productivity 

The output volume of a 

focal firm’s innovation 

The number of successful patent 

applications (the granted patents) 

by a firm in a given year is used 

as a proxy for a firm’s innovation 

productivity. 

 

 USPTO 

NBER 

Patent 

Project 

     

Exploratory 

innovation 

Innovations building 

from novel knowledge 

and technology this are 

distant from existing 

knowledge base. 

Number of patents with less than 

20% of familiar citations, or 

equivalently, more than 80% of 

new citations. 

 

Familiar citations: self-citations 

and citations have been used in 

the last five years. 

 

New citations: citations have 

never been used before or have 

been used more than five year 

ago.  

1. The patent dataset should be in a firm-year-patent-citation format. It should 

have the firm permno, patent application year, patent number, and cited 

patent number. The assignee permno for cited patent number is not necessary, 

but preferred to be included. 

 

2. For each single patent, examine the reference list and code each citation as 

either a familiar citation or a new citation. 

 

3. For each single patent, then count number of familiar citations and number 

of new citations. Then compute the percentage of familiar citations and new 

citations. 

 

4. Code a patent as exploratory if it has less than 20% familiar citations. 

 

5. Count the total number of exploratory patents in a year for a firm. 

USPTO 

NBER 

Patent 

Project 

 

1
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TABLE 4.4 (continued) 
 

Exploitative 

innovation 

Exploitative 

innovation refers to the 

improved knowledge 

and technology base 

on existing knowledge 

base. 

Number of patents with more than 

80% of familiar citations, or 

equivalently, less than 20% of 

new citations. 

 

The first 3 steps are identical to the procedures for exploratory innovation.  

 

Then, a patent is coded as exploitative if it has more than 80% familiar 

citations. Finally, count the total number of exploitative patents in a year for a 

firm. 

USPTO 

NBER 

Patent 

Project 

     

Breakthrough 

innovation 

Innovations that have 

important 

technological 

advancements and 

serve as the basis for 

many subsequent 

technological 

developments 

Number of patents in each year 

that are ranked among the top 5 

percent by citation weights. 

 

 

 

 

1. The dataset should be in a firm-year-patent level. It should have the 

number of forward citations of each individual patent. 

 

1. For every year the patents are sorted on the basis of their citation weights 

(the number of citations they have received) 

 

2. The top 5 percent patents that receive the most citations in each year are 

coded as breakthrough patents. 

USPTO 

NBER 

Patent 

Project 

     

Firm age The number of years of 

a firm’s existence 

Firm age = Current calendar year 

- first year appeared in Compustat 

 Compustat 

fundamental 

annuals 

     

Firm 

performance 

Overall financial 

performance of a firm 

A standardized composite score 

of ROA, ROE, and ROS derived 

from their factor loading. 

 

 

 

1. Compute individual indicators. 

 

ROA = net income/assets 

ROE = net income/equity 

ROS = net income/sales 

 

2. Conduct a principle component factor analysis to show the underlying 

factor loading. 

 

3. Generate the standardized composite score with the factor loadings. 

Compustat 

fundamental 

annuals 

     

Firm size The size of a firm A standardized composite score 

of number of employees, total 

assets, and sales. 

1. The data must have number of employees, total assets, and sales. 

 

2. Take a natural log transformation of all in indicators. 

 

3. Conduct a principle component factor analysis. 

 

4. Generate the standardized composite score with the factor loadings. 

Compustat 

fundamental 

annuals 

1
4
0
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TABLE 4.4 (continued) 
 

Firm slack The excess capacity 

maintained by a firm. 

Firm slack = (Current assets - 

Inventories)/Current liabilities 

 Compustat 

fundamental 

annuals 

     

R&D intensity The efforts and inputs 

of a firm’s research 

and development 

activities. 

R&D intensity = R&D 

expenditure/Sales 

 Compustat 

fundamental 

annuals 

     

Founder CEO CEO is the sole or co-

founder of the firm. 

A dummy variable coded as one 

is the CEO was the founder and 

zero otherwise 

 BoardEx 

EDGAR 

Bloomberg  

     

CEO duality CEO who also serve as 

the Chair of the board 

of directors. 

A dummy variable coded as one 

is the CEO also serves as the 

Chair of the board and zero 

otherwise 

 BoardEx 

EDGAR 

Bloomberg 

     

CEO education 

level 

The highest formal 

degree a CEO has 

obtained. 

A categorical variable of value 

from one to five 

1 = High school 

2 = Attended college 

3 = Undergraduate degree 

4 = Master’s degree 

5 = Doctoral degree   

BoardEx 

EDGAR 

Bloomberg 

     

Total number of 

words 

The total number of 

non-numeric words of 

a CEO letter 

A continuous variable of total 

number of words in each CEO 

letter 

Each letter of CEO is processed by an automatic text analysis software. 

 

This software outputs the total number of non-numeric words in the letter. 

CEO Letter 

 

1
4
1
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TABLE 4.5 - T-Test Results Comparing Firms without CEO Letters and 

Firms with CEO Letters 

 

 Firm w/o CEO Letters 

(N = 786) 

Firms with CEO Letters 

(N = 250) 

  

Firm Attribute Mean (s.d.) Mean (s.d.) Difference t-statistics 

Age 12.43 (6.35) 18.76 (9.58) -6.32 -12.00*** 

Employees 2.00 (9.77) 4.41 (18.45) -2.41 -2.66** 

Sale 322.98 (2054.69) 923.64 (3669.44) -600.65 -3.25** 

Asset 422.34 (2180.23) 1418.46 (5330.29) -996.12 -4.24*** 

Tobin’s q 35.24 (342.64) 6.23 (41.05) 29.008 1.33 

ROA -2.73 (18.24) -.50 (4.20) -2.23 -1.92† 

ROE -.48 (12.99) -.20 (2.19) -.27 -0.33 

ROS -8.06 (41.10) -1.76 (6.96) -6.30 -2.41* 

R&D 32.04 (169.46) 108.52 (244.23) -76.48 -4.35*** 
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TABLE 4.6 - T-Test Results Comparing Firms without Patents and Firms 

with Patents 

 

 Firm w/o Patents 

(N = 663) 

Firms with Patents 

(N = 373) 

  

Firm Attribute Mean (s.d.) Mean (s.d.) Difference t-statistics 

Age 12.32 (6.47) 16.87 (8.90) -4.54 -9.44*** 

Employees 1.74 (8.22) 4.08 (17.43) -2.34 -2.92** 

Sale 248.56 (1749.71) 857.84 (3524.08) -609.27 -3.71*** 

Asset 307.02 (1637.90) 1294.96 (4914.67) -987.93 -4.73*** 

Tobin’s q 42.21 (372.36) 3.34 (2.79) 38.87 2.01* 

ROA -3.28 (19.98) -.25 (.78) -3.03 -2.92** 

ROE -.47 (13.99) -.32 (3.28) -.14 -0.19 

ROS -8.97 (42.92) -2.23 (17.21) -6.74 -2.90** 

R&D 19.24 (115.39) 92.87 (372.14) -73.62 -4.70*** 
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TABLE 5.1 - Descriptive Statistics for All Variables 

Variable N mean s.d. min max 

Firm age 1295 12.34 6.08 5.00 24.00 

Firm size 1295 .42 .80 -.67 1.81 

Firm performance 1295 .37 .31 -.33 .68 

Firm slack 1295 2.28 1.29 .83 4.86 

R&D intensity 1295 .10 .09 0 .27 

Founder CEO 1295 .35 .47 0 1 

CEO duality 1295 .68 .46 0 1 

Education level 1295 3.45 1.06 1 5 

Total number of words 1295 1130.98 526.64 519 2145 

CEO age 1295 52.08 7.40 41 64 

CEO tenure 1295 8.27 6.13 1 20 

CEO business/law  1295 .43 .49 0 1 

CEO science/engineer 1295 .24 .42 0 1 

CEO output 1295 .56 .49 0 1 

CEO throughput 1295 .43 .49 0 1 

CEO diverse functions 1295 1.33 .68 0 3 

Outside-industry CEO 1295 .56 .49 0 1 

Attention breadth  1295 3.78 .46 2.99 4.48 

External attention focus  1295 .68 .18 .41 .95 

Internal attention focus  1295 .75 .19 .49 1.09 

Future attention focus 1295 .63 .31 .19 1.19 

Attention heterogeneity 1295 -.11 .29 -.51 .41 

Innovation productivity 723 57.80 352.87 1 3838 

Exploitative innovation 723 24.75 161.93 0 1637 

Exploratory innovation 723 22.88 123.71 0 1385 

Breakthrough innovation 723 2.81 17.27 0 197 
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TABLE 5.2 - Correlations of Independent Variables and Dependent Variables 

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

1. CEO age 
 

                

2. CEO tenure 

 

0.30                

3. CEO business/law 

 

-0.04 -0.14               

4. CEO science/engineer 
 

-0.05 0.14 -0.14              

5. CEO output 

 

-0.01 0.07 -0.19 0.26             

6. CEO throughput 

 

0.01 -0.07 0.19 -0.26 -1.00            

7. CEO diverse functions 
 

-0.01 -0.03 0.02 0.18 0.30 -0.30           

8. Outside-industry CEO 

 

-0.02 0.08 0.13 -0.09 -0.20 0.20 -0.04          

9. Attention breadth 

 

0.02 0.02 0.07 0.07 0.03 -0.03 0.00 0.05         

10. External attention focus 
 

-0.14 0.04 -0.07 0.12 0.22 -0.22 0.10 -0.10 0.07        

11. Internal attention focus 

 

0.14 -0.02 0.06 -0.14 -0.23 0.23 -0.10 0.08 -0.16 -0.98       

12. Future attention focus  

 

0.08 0.04 -0.04 -0.05 -0.03 0.03 0.04 -0.02 -0.06 -0.06 0.07      

13. Attention heterogeneity 

 

-0.11 0.13 -0.01 -0.08 0.08 -0.08 0.04 -0.01 0.07 0.23 -0.19 -0.12     

14. Innovation productivity 
 

0.01 -0.12 -0.12 -0.09 0.08 -0.08 -0.06 0.12 0.11 0.07 -0.08 0.09 -0.02    

15. Exploitative innovation 

 

0.01 -0.12 -0.12 -0.09 0.07 -0.07 -0.07 0.12 0.11 0.06 -0.07 0.09 -0.03 0.99   

16. Exploratory innovation 

 

0.01 -0.12 -0.13 -0.09 0.08 -0.08 -0.05 0.12 0.11 0.07 -0.08 0.09 -0.01 0.99 0.97  

17. Breakthrough innovation -0.00 -0.12 -0.12 -0.09 0.08 -0.08 -0.06 0.12 0.10 0.08 -0.09 0.10 -0.02 0.98 0.97 0.97 

N = 723 

Correlations > |0.08| is significant at .05 level; correlations > |0.10| is significant at .01 level; correlations > |0.12| is significant at .001 level.
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TABLE 5.3 - Correlations of Control Variables and Independent Variables 

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

1. Firm age 

 

                

2. Firm size 
 

0.33                

3. Firm performance 

 

0.18 0.48               

4. Firm slack 

 

-0.13 -0.09 0.14              

5. R&D intensity 
 

-0.05 -0.19 -0.32 0.07             

6. Founder CEO 

 

-0.28 -0.21 -0.07 0.12 0.12            

7. CEO duality 

 

-0.04 -0.04 -0.01 -0.05 -0.08 0.30           

8. Education level 
 

-0.08 0.05 -0.01 0.02 0.14 0.06 0.03          

9. Number of words 

 

0.18 0.44 0.24 -0.06 -0.05 -0.08 -0.02 0.10         

10. CEO age 

 

0.37 0.20 0.14 -0.08 -0.15 -0.05 0.21 -0.01 0.04        

11. CEO tenure 
 

0.16 0.02 0.08 0.05 0.05 0.47 0.37 -0.02 -0.03 0.30       

12. CEO business/law 
 

0.02 0.07 0.03 -0.10 -0.06 -0.16 -0.02 0.49 0.05 -0.04 -0.14      

13. CEO science/engineer 

 

-0.09 -0.08 -0.12 0.12 0.19 0.16 -0.02 0.23 -0.08 -0.05 0.14 -0.14     

14. CEO output 

 

-0.09 -0.03 -0.07 0.09 0.30 0.11 0.06 0.00 -0.03 -0.01 0.07 -0.19 0.26    

15. CEO throughput 
 

0.09 0.03 0.07 -0.09 -0.30 -0.11 -0.06 -0.00 0.03 0.01 -0.07 0.19 -0.26 -1.00   

16. CEO diverse functions 

 

0.07 0.06 0.04 0.07 0.07 -0.17 -0.06 0.18 0.03 -0.01 -0.03 0.02 0.18 0.30 -0.30  

17. Outside-industry CEO 0.08 0.08 0.04 -0.02 -0.09 0.08 -0.08 0.10 0.10 -0.02 0.08 0.13 -0.09 -0.20 0.20 -0.04 

N = 1295 
Correlations > |0.06| is significant at .05 level; correlations > |0.08| is significant at .01 level; correlations > |0.10| is significant at .001 level. 
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TABLE 5.4 - Correlations of Control Variables and Dependent Variables 

 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1. Firm age                  

2. Firm size 0.33                 

3. Firm performance 0.18 0.48                

4. Firm slack -0.13 -0.09 0.14               

5. R&D intensity -0.05 -0.19 -0.32 0.07              

6. Founder CEO -0.28 -0.21 -0.07 0.12 0.12             

7. CEO duality -0.04 -0.04 -0.01 -0.05 -0.08 0.30            

8. Education level -0.08 0.05 -0.01 0.02 0.14 0.06 0.03           

9. Number of words 0.18 0.44 0.24 -0.06 -0.05 -0.08 -0.02 0.10          

10. Attention breadth 0.06 -0.01 -0.06 -0.04 0.07 0.07 0.10 0.11 0.22         

11. External attention focus -0.08 -0.11 -0.10 0.17 0.28 0.06 -0.03 0.11 0.06 0.07        

12. Internal attention focus 0.07 0.10 0.09 -0.17 -0.27 -0.06 0.03 -0.11 -0.09 -0.16 -0.98       

13. Future attention focus  0.11 -0.07 -0.08 0.00 -0.12 -0.06 0.03 -0.07 -0.03 -0.06 -0.06 0.07      

14. Attention heterogeneity -0.10 0.00 -0.07 0.05 0.13 0.08 0.06 0.08 0.18 0.07 0.23 -0.19 -0.12     

15. Innovation productivity 0.24 0.23 0.12 -0.06 -0.07 -0.10 -0.01 -0.09 0.23 0.11 0.07 -0.08 0.09 -0.02    

16. Exploitative innovation 0.24 0.22 0.12 -0.06 -0.07 -0.10 -0.01 -0.09 0.22 0.11 0.06 -0.07 0.09 -0.03 0.99   

17. Exploratory innovation 0.24 0.25 0.13 -0.06 -0.07 -0.10 -0.00 -0.09 0.24 0.11 0.07 -0.08 0.09 -0.01 0.99 0.97  

18. Breakthrough innovation 0.22 0.22 0.11 -0.06 -0.07 -0.09 -0.01 -0.09 0.21 0.10 0.08 -0.09 0.10 -0.02 0.98 0.97 0.97 

N = 723 
Correlations > |0.08| is significant at .05 level; correlations > |0.10| is significant at .01 level; correlations > |0.12| is significant at .001 level.

1
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TABLE 5.5 - Correlations of Technological Innovation Variables (Ratio Measures)
9
 

Variable Mean s.d. 1 2 3 4 5 

1. Innovation productivity 

 

57.80 352.87      

2. Ratio of exploitative innovation (60%) 

 

.28 .33 0.10
†
     

3. Ratio of exploitative innovation (80%) 

 

.21 .28 0.05 0.89
***

    

4. Ratio of exploratory innovation (20%) 

 

.53 .37 -0.19
***

 -0.80
***

 -0.69
***

   

5. Ratio of exploratory innovation (40%) 

 

.64 .34 -0.17
**

 -0.91
***

 -0.81
***

 0.88
***

  

6. Ratio of breakthrough innovation 

 

.05 .14 -0.01 0.13
*
 0.13

*
 -0.14

**
 -0.10

†
 

†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

                                                 
9
 These variables are measured with ratios rather than counts. For example, ratio of exploitative innovation (60%)  

is calculated as the number of exploitative patents divided the total number of patents by a firm in a given year. 
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TABLE 5.6 - GLS Model Predicting Attention Breadth with CEO Characteristics 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 

            

Firm age 0.006*** 0.004** 0.005** 0.006*** 0.006*** 0.006*** 0.006*** 0.006*** 0.004** 0.003†  

Firm size -0.041*** -0.038*** -0.033** -0.043*** -0.033** -0.038*** -0.038*** -0.040*** -0.042*** -0.037**  

Firm performance -0.004 -0.003 -0.003 -0.005 0.001 -0.000 -0.000 -0.006 0.000 -0.003  

Firm slack -0.004† -0.003 -0.003† -0.002 -0.005* -0.005** -0.005** -0.003 -0.005** -0.001  

R&D intensity 0.060 0.075 0.055 0.066 0.080† 0.081† 0.081† 0.026 0.105** 0.051  

Founder CEO 0.063*** 0.062*** 0.065*** 0.063*** 0.059*** 0.070*** 0.070*** 0.058*** 0.042* 0.052*  

CEO duality 0.034* 0.030* 0.025† 0.035* 0.028* 0.024† 0.024† 0.029* 0.050*** 0.044**  

Education level 0.036*** 0.038*** 0.034*** 0.029*** 0.027*** 0.030*** 0.030*** 0.032*** 0.029*** 0.013  

Number of words 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.009 0.008 0.006 0.007 0.010* 0.011* 0.011* 0.007 0.012** 0.004  

Year=2004 0.004 0.003 -0.000 0.003 0.005 0.005 0.005 0.002 0.008 -0.003  

Year=2005 0.009 0.007 0.003 0.007 0.009 0.010 0.010 0.005 0.013 -0.001  

Year=2006 0.004 0.002 -0.003 0.003 0.004 0.004 0.004 0.000 0.010 -0.007  

Year=2007 0.002 -0.001 -0.007 0.000 0.001 0.001 0.001 -0.002 0.007 -0.011  

Year=2008 -0.003 -0.007 -0.013 -0.006 -0.004 -0.004 -0.004 -0.008 0.002 -0.018  

Year=2009 0.003 -0.001 -0.007 0.000 0.002 0.003 0.003 -0.003 0.011 -0.014  

            

CEO age  0.002*        0.002† 0.001*** 

CEO tenure   0.001       0.001 0.001*** 

CEO business/law    0.061***      0.069** 0.112*** 

CEO science/engineer     0.023     0.034 0.059*** 

CEO output      0.009    0.012 0.017** 

CEO throughput       -0.009   0.000 0.000 

CEO diverse functions        0.026*  0.030* 0.011 

Outside-industry CEO         0.068*** 0.048* 0.033** 

            

Constant 3.406*** 3.302*** 3.421*** 3.406*** 3.418*** 3.424*** 3.432*** 3.399*** 3.404*** 3.285*** 3.666*** 

N 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 

df 16 17 17 17 17 17 17 17 17 23 7 

Chi-square 271*** 267*** 311*** 243*** 450*** 423*** 423*** 319*** 448*** 249*** 742*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

1
4
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TABLE 5.7 - GLS Model Predicting External Attention Focus with CEO Characteristics 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 

            

Firm age -0.003*** -0.002*** -0.004*** -0.002*** -0.003*** -0.002*** -0.002*** -0.003*** -0.002*** -0.002***  

Firm size -0.016*** -0.019*** -0.015*** -0.017*** -0.013*** -0.022*** -0.022*** -0.018*** -0.017*** -0.020***  

Firm performance 0.005 0.009* 0.006 0.005 0.007 0.008† 0.008† 0.008† 0.004 0.005  

Firm slack 0.005*** 0.005*** 0.004** 0.004*** 0.003** 0.006*** 0.006*** 0.005*** 0.005*** 0.004***  

R&D intensity 0.213*** 0.199*** 0.198*** 0.227*** 0.226*** 0.170*** 0.170*** 0.195*** 0.182*** 0.180***  

Founder CEO 0.019* 0.025** -0.008 0.011 0.009 0.026*** 0.026*** 0.012 0.027*** -0.036***  

CEO duality -0.001 0.004 -0.005 0.001 0.002 -0.002 -0.002 -0.004 -0.001 -0.007  

Education level 0.012*** 0.013*** 0.013*** 0.023*** 0.008*** 0.007** 0.007** 0.011*** 0.013*** 0.020***  

Number of words 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.002 0.002 0.001 0.001 0.002 0.002 0.002 0.003 0.001 0.001  

Year=2004 0.005 0.005† 0.002 0.005 0.005 0.004 0.004 0.007* 0.004 0.002  

Year=2005 0.007† 0.008* 0.005 0.007† 0.008* 0.007† 0.007† 0.010* 0.005 0.003  

Year=2006 0.009* 0.011* 0.007 0.009* 0.011* 0.008* 0.008* 0.013** 0.006 0.004  

Year=2007 0.007 0.009† 0.004 0.007 0.009† 0.006 0.006 0.011* 0.003 0.002  

Year=2008 0.005 0.008† 0.003 0.006 0.009† 0.005 0.005 0.011* 0.000 0.002  

Year=2009 0.014* 0.019*** 0.011† 0.013* 0.016** 0.013* 0.013* 0.017** 0.005 0.006  

            

CEO age  -0.002***        -0.003*** -0.003*** 

CEO tenure   0.003***       0.004*** 0.002*** 

CEO business/law    -0.043***      -0.047*** -0.025*** 

CEO science/engineer     0.036***     -0.017† 0.022* 

CEO output      0.058***    0.057*** 0.076*** 

CEO throughput       -0.058***   0.000 0.000 

CEO diverse functions        -0.018**  -0.027*** -0.021*** 

Outside-industry CEO         -0.043*** -0.030*** -0.008 

            

Constant 0.574*** 0.662*** 0.580*** 0.554*** 0.575*** 0.550*** 0.609*** 0.615*** 0.592*** 0.740*** 0.833*** 

N 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 

df 16 17 17 17 17 17 17 17 17 23 7 

Chi-square 1049*** 2206*** 1205*** 1301*** 1033*** 823*** 823*** 264*** 4123*** 670*** 387*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

 1
5
0
 



151 

  

 

 

  

TABLE 5.8 - GLS Model Predicting Internal Attention Focus with CEO Characteristics 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 

            

Firm age 0.002*** 0.001† 0.003*** 0.002*** 0.002** 0.001* 0.001* 0.002*** 0.002*** 0.001  

Firm size 0.022*** 0.017*** 0.023*** 0.021*** 0.019*** 0.022*** 0.022*** 0.022*** 0.022*** 0.022***  

Firm performance -0.004 -0.007 -0.005 -0.005 -0.008† -0.004 -0.004 -0.005 -0.003 -0.002  

Firm slack -0.005*** -0.007*** -0.005*** -0.006*** -0.005*** -0.006*** -0.006*** -0.006*** -0.005*** -0.005***  

R&D intensity -0.204*** -0.234*** -0.207*** -0.217*** -0.221*** -0.171*** -0.171*** -0.201*** -0.203*** -0.139***  

Founder CEO -0.033*** -0.029** -0.014 -0.005 -0.014 -0.020* -0.020* -0.022* -0.027** 0.035**  

CEO duality 0.007 0.002 0.013† 0.006 0.003 0.006 0.006 0.007 0.008 0.005  

Education level -0.016*** -0.011*** -0.014*** -0.028*** -0.010** -0.015*** -0.015*** -0.017*** -0.018*** -0.026***  

Number of words -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000***  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 -0.002 -0.003 -0.002 -0.002 -0.002 -0.002 -0.002 -0.003 -0.002 -0.001  

Year=2004 -0.005 -0.007† -0.004 -0.005 -0.004 -0.003 -0.003 -0.006† -0.005 -0.003  

Year=2005 -0.008† -0.012** -0.006 -0.008* -0.008† -0.005 -0.005 -0.010* -0.007† -0.005  

Year=2006 -0.010* -0.015** -0.008† -0.011* -0.010* -0.006 -0.006 -0.012* -0.009† -0.007  

Year=2007 -0.007 -0.012* -0.006 -0.009† -0.008† -0.003 -0.003 -0.009 -0.007 -0.005  

Year=2008 -0.006 -0.012* -0.005 -0.008 -0.008 -0.001 -0.001 -0.007 -0.005 -0.005  

Year=2009 -0.009 -0.017** -0.007 -0.010† -0.009 -0.008 -0.008 -0.010 -0.007 -0.007  

            

CEO age  0.003***        0.003*** 0.003*** 

CEO tenure   -0.002*       -0.003** -0.001*** 

CEO business/law    0.054***      0.052*** 0.007 

CEO science/engineer     -0.054***     -0.017† -0.025*** 

CEO output      -0.062***    -0.074*** -0.087*** 

CEO throughput       0.062***   0.000 0.000 

CEO diverse functions        0.021**  0.034*** 0.019** 

Outside-industry CEO         0.025*** 0.010 0.006 

            

Constant 0.864*** 0.746*** 0.847*** 0.876*** 0.867*** 0.901*** 0.839*** 0.835*** 0.862*** 0.716*** 0.620*** 

N 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 

df 16 17 17 17 17 17 17 17 17 23 7 

Chi-square 324*** 610*** 422*** 839*** 381*** 381*** 381*** 217*** 300*** 490*** 688*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

1
5
1
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TABLE 5.9 - GLS Model Predicting Future Attention Focus with CEO Characteristics 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 

            

Firm age 0.006*** 0.005*** 0.006*** 0.006*** 0.005*** 0.006*** 0.006*** 0.005*** 0.006*** 0.006***  

Firm size -0.034*** -0.042*** -0.033*** -0.034*** -0.036*** -0.033*** -0.033*** -0.044*** -0.031*** -0.035***  

Firm performance -0.029** -0.035*** -0.029** -0.030*** -0.031*** -0.029** -0.029** -0.032*** -0.030*** -0.031***  

Firm slack -0.000 -0.001 -0.001 -0.001 -0.001 -0.000 -0.000 -0.002 0.000 -0.000  

R&D intensity -0.109** -0.119** -0.108** -0.130*** -0.114** -0.120** -0.120** -0.124*** -0.120** -0.122**  

Founder CEO -0.015 -0.015 -0.019 -0.018 -0.018 -0.015 -0.015 -0.003 0.001 0.004  

CEO duality 0.013 -0.004 0.012 0.015 0.010 0.013 0.013 -0.003 0.008 0.003  

Education level -0.015** -0.011* -0.014* -0.007 -0.014** -0.014* -0.014* -0.020*** -0.014** -0.009  

Number of words -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 -0.001 -0.001 -0.002 -0.001 -0.000 -0.000 -0.000 -0.001 -0.001 -0.002  

Year=2004 -0.006 -0.008 -0.007 -0.007 -0.006 -0.005 -0.005 -0.007 -0.006 -0.010  

Year=2005 -0.007 -0.012† -0.009 -0.008 -0.007 -0.006 -0.006 -0.008 -0.007 -0.013†  

Year=2006 -0.012 -0.020* -0.015† -0.014† -0.013† -0.012 -0.012 -0.014† -0.013† -0.020*  

Year=2007 -0.015† -0.026** -0.018† -0.017† -0.016† -0.015† -0.015† -0.017* -0.016† -0.025*  

Year=2008 -0.016† -0.028** -0.019† -0.017† -0.017† -0.015 -0.015 -0.019* -0.017† -0.027*  

Year=2009 -0.016 -0.028* -0.019 -0.017 -0.016 -0.015 -0.015 -0.019† -0.017 -0.028*  

            

CEO age  0.002**        0.001 0.002*** 

CEO tenure   0.001       0.003* 0.002*** 

CEO business/law    -0.036**      -0.037* -0.038*** 

CEO science/engineer     0.005     -0.036* -0.045** 

CEO output      0.015    -0.013 -0.034** 

CEO throughput       -0.015   0.000 0.000 

CEO diverse functions        0.047***  0.045*** 0.027*** 

Outside-industry CEO         -0.028* -0.020 -0.021* 

            

Constant 0.648*** 0.559*** 0.638*** 0.641*** 0.658*** 0.630*** 0.645*** 0.632*** 0.648*** 0.545*** 0.520*** 

N 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 

df 16 17 17 17 17 17 17 17 17 23 7 

Chi-square 102*** 609*** 88*** 123*** 130*** 99*** 99*** 179*** 94*** 157*** 320*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

1
5
2
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TABLE 5.10 - GLS Model Predicting Attention Heterogeneity with CEO Characteristics 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 

            

Firm age -0.005*** -0.004*** -0.007*** -0.005*** -0.004*** -0.004*** -0.004*** -0.004*** -0.004*** -0.006***  

Firm size -0.010† -0.003 -0.033*** -0.012* -0.009 -0.009 -0.009 -0.005 -0.015** -0.018*  

Firm performance -0.010 -0.011 -0.013 -0.013 -0.006 -0.010 -0.010 -0.006 -0.010 -0.020*  

Firm slack 0.002 0.002 0.002 0.002 0.005* 0.004† 0.004† 0.004* 0.002 0.003  

R&D intensity 0.241*** 0.211*** 0.196*** 0.250*** 0.239*** 0.193*** 0.193*** 0.206*** 0.245*** 0.077*  

Founder CEO 0.021† 0.026* -0.036** 0.018 0.031** 0.023* 0.023* 0.031** 0.010 -0.045***  

CEO duality -0.001 0.030** -0.037*** -0.005 0.005 0.008 0.008 0.010 0.001 -0.011  

Education level 0.011** 0.003 0.016** 0.011* 0.016*** 0.012** 0.012** 0.009* 0.011** 0.052***  

Number of words 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.006† 0.003 0.004 0.006† 0.005 0.004 0.004 0.001 0.004 0.001  

Year=2004 0.010 0.011† 0.004 0.010 0.009 0.007 0.007 0.005 0.008 0.003  

Year=2005 -0.006 -0.004 -0.025*** -0.006 -0.005 -0.009 -0.009 -0.010 -0.007 -0.015*  

Year=2006 0.019* 0.026** 0.003 0.020* 0.019* 0.015† 0.015† 0.012 0.018* 0.010  

Year=2007 0.017† 0.023** 0.002 0.019* 0.017* 0.012 0.012 0.009 0.017† 0.008  

Year=2008 0.007 0.009 -0.014† 0.012 -0.004 -0.003 -0.003 -0.009 0.007 -0.016†  

Year=2009 -0.025* -0.023* -0.049*** -0.019† -0.045*** -0.037*** -0.037*** -0.043*** -0.027** -0.055***  

            

CEO age  -0.003***        -0.006*** -0.007*** 

CEO tenure   0.009***       0.012*** 0.009*** 

CEO business/law    0.000      -0.059*** -0.017+ 

CEO science/engineer     -0.070***     -0.128*** -0.053*** 

CEO output      0.009    0.038*** 0.053*** 

CEO throughput       -0.009   0.000 0.000 

CEO diverse functions        0.003  -0.027*** -0.011* 

Outside-industry CEO         0.022* 0.002 0.021** 

            

Constant -0.279*** -0.125*** -0.274*** -0.267*** -0.318*** -0.305*** -0.296*** -0.306*** -0.285*** -0.061 0.132*** 

N 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 1295 

df 16 17 17 17 17 17 17 17 17 23 7 

Chi-square 1198*** 1074*** 1778*** 1844*** 4474*** 1676*** 1676*** 1231*** 2353*** 2977*** 581*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 1
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TABLE 5.11 - Fixed-Effects Poisson Model Predicting Innovation Productivity with CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

             

Firm age -0.062 -0.063 -0.076 -0.081 -0.052 -0.053 -0.059 -0.048 -0.061 -0.047 -0.067  

Firm size 0.717† 0.711† 0.744† 0.774† 0.724† 0.719† 0.731† 0.698 0.718 0.692† 0.701†  
Firm performance -0.385 -0.387 -0.380 -0.371 -0.444 -0.434 -0.339 -0.338 -0.370 -0.358 -0.298  

Firm slack 0.382*** 0.383*** 0.383*** 0.381*** 0.386*** 0.382*** 0.367** 0.399*** 0.382*** 0.403*** 0.356***  

R&D intensity -1.464 -1.588 -1.932 -1.825 -1.777 -1.697 -1.395 -1.112 -1.321 -1.322 -1.868  
Founder CEO -0.500 -0.509 -0.465 -0.427 -0.445 -0.423 -0.524 -0.515 -0.504 -0.512 -0.381  

CEO duality -0.154 -0.154 -0.189 -0.206 -0.197 -0.199 -0.189 -0.119 -0.150 -0.119 -0.222  

Education level 0.481† 0.508 0.522† 0.471 0.562* 0.546* 0.483† 0.532* 0.480† 0.547* 0.520*  
Number of words -0.000* -0.000* -0.000* -0.000† -0.000 -0.000 -0.000 -0.000 -0.000† -0.000† -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.355† 0.350† 0.345† 0.354† 0.316 0.316 0.381* 0.356 0.360† 0.347 0.355†  
Year=2004 0.498† 0.489† 0.500† 0.524† 0.470† 0.475† 0.466 0.455 0.497† 0.448 0.440  

Year=2005 0.500† 0.498† 0.543† 0.567† 0.487† 0.495† 0.470 0.427 0.493† 0.424 0.507  

Year=2006 0.243 0.238 0.277 0.306 0.233 0.245 0.192 0.171 0.238 0.165 0.223  
Year=2007 0.118 0.113 0.149 0.176 0.024 0.028 0.074 0.063 0.114 0.059 0.075  

Year=2008 -0.285 -0.283 -0.226 -0.204 -0.403 -0.413 -0.350 -0.358 -0.290 -0.362 -0.410  

Year=2009 -1.699*** -1.694*** -1.641*** -1.629*** -1.798*** -1.794*** -1.701*** -1.738*** -1.699*** -1.748*** -1.660***  
             

Attention breadth  0.035  -0.093       0.042 1.229* 

Attention breadth2   0.160 0.235       0.142 0.080 
External attention     -0.590*      3.459† 17.273*** 

Internal attention      0.680**     3.965* 15.420*** 
Future attention       -0.203    -0.260 -0.129 

Attention heterogeneity        -0.305  -0.373 -0.323 0.134 

Attention heterogeneity2         0.153 -0.307 -0.829 0.559 
             

N 713 713 713 713 713 713 713 713 713 713 713 713 

df 16 17 17 18 17 17 17 17 17 18 23 7 
Log-likelihood -2799 -2798 -2791 -2789 -2769 -2758 -2781 -2785 -2798 -2783 -2700 -6461 

Chi-square 5103*** 4434*** 4518*** 5925*** 9495*** 11335*** 8251*** 8407*** 7022*** 7675*** 24798*** 286*** 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

1
5
4
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TABLE 5.12 - Fixed-Effects Poisson Model Predicting Exploitative Innovation (80%) With CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

         

Firm age -0.130
†
 -0.133

*
 -0.109

†
 -0.107

†
 -0.130

*
 -0.080 -0.121

†
  

Firm size 0.185 0.167 0.208 0.195 0.182 0.088 -0.091  

Firm performance -0.372 -0.366 -0.473 -0.445 -0.400 0.013 0.129  

Firm slack 0.529
***

 0.533
***

 0.540
***

 0.533
***

 0.534
***

 0.578
***

 0.512
***

  

R&D intensity -2.622 -3.039 -3.421 -3.315 -2.655 -0.633 -1.646  

Founder CEO 0.669 0.715 0.656 0.615 0.657 0.616 0.462  

CEO duality -0.538
†
 -0.539

*
 -0.626

**
 -0.633

**
 -0.530

†
 -0.419 -0.475

**
  

Education level 1.186
*
 1.267

*
 1.357

**
 1.335

**
 1.181

*
 1.336

**
 1.204

**
  

Number of words -0.001
*
 -0.001

*
 -0.000 -0.000 -0.001

*
 -0.000 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.742
*
 0.725

†
 0.681

†
 0.682

†
 0.729

*
 0.777

†
 0.710

†
  

Year=2004 1.360
**

 1.331
**

 1.326
**

 1.336
**

 1.364
**

 1.226
*
 1.305

**
  

Year=2005 1.386
**

 1.381
**

 1.383
**

 1.402
**

 1.390
**

 1.153
*
 1.410

**
  

Year=2006 1.283
**

 1.267
**

 1.288
**

 1.314
**

 1.292
**

 1.065
*
 1.340

**
  

Year=2007 1.427
*
 1.411

*
 1.267

*
 1.269

*
 1.435

*
 1.250

*
 1.432

**
  

Year=2008 1.214
†
 1.219

†
 1.013

†
 0.990

†
 1.228

†
 0.983 1.108

†
  

Year=2009 -0.645 -0.630 -0.815
†
 -0.813

†
 -0.652 -0.759

†
 -0.537  

         

Attention breadth  0.110     0.348 1.308
*
 

External attention   -1.082
**

    9.460
**

 17.424
*
 

Internal attention    1.285
**

   10.304
**

 16.459
+
 

Future attention     0.053  0.114 -0.351
*
 

Attention heterogeneity      -0.907 -0.468 -0.367 

         

N 398 398 398 398 398 398 398 398 

df 16 17 17 17 17 17 21 5 

Log-likelihood -910 -909 -887 -877 -910 -883 -831 -2090 

Chi-square 6833
***

 8280
***

 8945
***

 8885
***

 7837
***

 7083
***

 13805
***

 1753
***

 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 1

5
5
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TABLE 5.13 - Fixed-Effects Poisson Model Predicting Exploratory Innovation (20%) With CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

         

Firm age -0.018 -0.018 -0.009 -0.009 -0.015 -0.015 -0.015  

Firm size 0.704 0.726 0.699 0.697 0.719 0.697 0.715  

Firm performance -0.148 -0.146 -0.186 -0.185 -0.106 -0.145 -0.100  

Firm slack 0.215 0.214 0.219 0.217 0.201 0.221 0.191  

R&D intensity -0.040 0.167 -0.231 -0.210 0.040 -0.043 0.221  

Founder CEO -0.357 -0.350 -0.323 -0.310 -0.356 -0.356 -0.287  

CEO duality -0.034 -0.040 -0.045 -0.046 -0.132 -0.026 -0.131  

Education level 0.074 0.016 0.120 0.113 0.088 0.090 0.031  

Number of words -0.000
*
 -0.000

*
 -0.000

†
 -0.000 -0.000 -0.000

*
 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.188 0.207 0.171 0.172 0.223 0.186 0.242  

Year=2004 0.133 0.164 0.105 0.108 0.074 0.122 0.101  

Year=2005 0.222 0.236 0.204 0.208 0.169 0.204 0.199  

Year=2006 -0.039 -0.015 -0.059 -0.051 -0.124 -0.059 -0.075  

Year=2007 -0.326 -0.300 -0.394 -0.394 -0.397 -0.340 -0.385  

Year=2008 -0.733
*
 -0.722

†
 -0.825

*
 -0.839

*
 -0.838

*
 -0.752

*
 -0.902

**
  

Year=2009 -1.508
***

 -1.510
***

 -1.587
**

 -1.588
**

 -1.526
***

 -1.521
**

 -1.526
**

  

         

Attention breadth  -0.098     -0.043 0.799
*
 

External attention   -0.435    2.179 12.369
***

 

Internal attention    0.546   2.715
†
 10.768

**
 

Future attention     -0.444
†
  -0.443

*
 -0.151 

Attention heterogeneity      -0.094 -0.011 -0.169 

         

N 705 705 705 705 705 705 705 705 

df 16 17 17 17 17 17 21 5 

Log-likelihood -1782 -1780 -1776 -1773 -1751 -1781 -1734 -2535 

Chi-square 667
***

 651
***

 1449
***

 1322
***

 571
***

 676
***

 3221
***

 42
***

 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 1

5
6
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TABLE 5.14 - Fixed-Effects Poisson Model Predicting Exploitative Innovation (60%) With CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

         

Firm age -0.092
†
 -0.104

†
 -0.080 -0.080 -0.093

†
 -0.070 -0.112

†
  

Firm size 0.295 0.276 0.337 0.323 0.293 0.252 0.149  

Firm performance -0.421 -0.422 -0.506 -0.475 -0.441 -0.250 -0.171  

Firm slack 0.495
***

 0.502
***

 0.498
***

 0.491
***

 0.499
***

 0.516
***

 0.462
***

  

R&D intensity -2.903 -3.937 -3.453 -3.300 -2.930 -1.936 -3.363  

Founder CEO 0.409 0.487 0.384 0.357 0.401 0.366 0.367  

CEO duality -0.472
**

 -0.481
**

 -0.567
***

 -0.570
***

 -0.467
**

 -0.417
†
 -0.500

***
  

Education level 1.020
*
 1.228

**
 1.180

**
 1.150

**
 1.018

*
 1.091

*
 1.148

**
  

Number of words -0.000
†
 -0.000

†
 -0.000 -0.000 -0.000 -0.000 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.600 0.568 0.543 0.544 0.591
†
 0.616 0.553  

Year=2004 1.090
*
 1.036

*
 1.072

*
 1.080

*
 1.094

*
 1.031

*
 1.057

*
  

Year=2005 1.077
**

 1.083
**

 1.087
**

 1.100
**

 1.080
**

 0.968
*
 1.168

**
  

Year=2006 0.880
*
 0.858

*
 0.896

*
 0.915

*
 0.888

†
 0.779

†
 0.967

†
  

Year=2007 0.907
†
 0.888

†
 0.780 0.787

†
 0.915

†
 0.825

†
 0.932

†
  

Year=2008 0.594 0.625 0.434 0.424 0.605 0.487 0.580  

Year=2009 -1.239
**

 -1.185
**

 -1.370
***

 -1.363
***

 -1.242
***

 -1.290
**

 -1.095
*
  

         

Attention breadth  0.254
*
     0.412

*
 1.466

**
 

External attention   -0.926
**

    6.649
*
 19.568

**
 

Internal attention    1.034
***

   7.352
*
 18.016

*
 

Future attention     0.039  0.009 -0.307
+
 

Attention heterogeneity      -0.420 -0.062 0.073 

         

N 406 406 406 406 406 406 406 406 

df 16 17 17 17 17 17 21 5 

Log-likelihood -1126 -1117 -1100 -1094 -1126 -1117 -1066 -2851 

Chi-square 6650
***

 7852
***

 13018
***

 14410
***

 7995
***

 7360
***

 34016
***

 821
***

 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 1

5
7
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TABLE 5.15 - Fixed-Effects Poisson Model Predicting Exploratory Innovation (40%) With CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

         

Firm age -0.047 -0.047 -0.038 -0.038 -0.044 -0.041 -0.042  

Firm size 0.979
†
 0.988

†
 0.978

†
 0.975

†
 0.995

†
 0.966

†
 0.967

†
  

Firm performance -0.197 -0.195 -0.243 -0.240 -0.148 -0.187 -0.135  

Firm slack 0.259
*
 0.258

*
 0.263

*
 0.261

*
 0.242

*
 0.268

*
 0.233

*
  

R&D intensity -0.520 -0.413 -0.743 -0.706 -0.426 -0.477 -0.334  

Founder CEO -0.667
†
 -0.661

†
 -0.624

†
 -0.609

†
 -0.697

†
 -0.663

†
 -0.623

†
  

CEO duality -0.011 -0.013 -0.030 -0.031 -0.087 0.004 -0.078  

Education level 0.174 0.147 0.232 0.222 0.182 0.203 0.169  

Number of words -0.000
*
 -0.000

*
 -0.000 -0.000 -0.000 -0.000

*
 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.202 0.208 0.180 0.180 0.232
†
 0.200 0.233

†
  

Year=2004 0.132 0.144 0.104 0.108 0.078 0.112 0.077  

Year=2005 0.192 0.196 0.176 0.181 0.143 0.158 0.156  

Year=2006 -0.088 -0.080 -0.105 -0.096 -0.168 -0.123 -0.145  

Year=2007 -0.325 -0.316 -0.400 -0.398 -0.392 -0.351 -0.403  

Year=2008 -0.816
*
 -0.814

*
 -0.915

**
 -0.927

**
 -0.916

**
 -0.851

*
 -0.993

**
  

Year=2009 -1.721
***

 -1.724
***

 -1.805
***

 -1.803
***

 -1.732
***

 -1.742
***

 -1.731
***

  

         

Attention breadth  -0.041     0.038 0.959
**

 

External attention   -0.478    2.427
†
 14.746

***
 

Internal attention    0.574   2.932
†
 12.924

***
 

Future attention     -0.363  -0.358 -0.069 

Attention heterogeneity      -0.165 -0.069 -0.009 

         

N 713 713 713 713 713 713 713 713 

df 16 17 17 17 17 17 21 5 

Log-likelihood -2051 -2051 -2042 -2038 -2023 -2049 -2000 -3456 

Chi-square 1549
***

 1679
***

 2971
***

 3230
***

 1565
***

 1796
***

 8006
***

 75
***

 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

 

1
5
8
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TABLE 5.16 - Fixed-Effects Poisson Model Predicting Breakthrough Innovation with CEO Attention 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

             

Firm age -0.063 -0.064 -0.089 -0.093 -0.049 -0.046 -0.063 -0.031 -0.058 -0.031 -0.098  

Firm size 0.449 0.382 0.412 0.454 0.429 0.431 0.475 0.415 0.484 0.420 0.471  
Firm performance 0.143 0.101 0.087 0.110 0.088 0.084 0.177 0.321 0.226 0.327 0.402  

Firm slack 0.322† 0.326† 0.336† 0.335† 0.330† 0.328† 0.313† 0.358* 0.322† 0.357* 0.299*  

R&D intensity 1.891 1.318 0.245 0.380 1.484 1.488 1.917 3.194 2.668 3.256 1.925  
Founder CEO -12.543*** -12.576*** -12.503*** -12.445*** -12.516*** -12.477*** -12.597*** -12.662*** -12.495*** -12.654*** -12.454***  

CEO duality -0.190 -0.186 -0.267 -0.283 -0.221 -0.224 -0.218 -0.104 -0.171 -0.104 -0.188  

Education level 0.394 0.497 0.467 0.405 0.440 0.425 0.401 0.543† 0.381 0.538† 0.359  
Number of words -0.000† -0.000† -0.000† -0.000† -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000  

Year=2002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

Year=2003 0.270 0.245 0.224 0.236 0.225 0.215 0.294 0.280 0.290 0.282 0.295  
Year=2004 0.427 0.386 0.394 0.419 0.384 0.377 0.409 0.335 0.421 0.337 0.339  

Year=2005 0.314 0.303 0.395 0.418 0.284 0.281 0.299 0.136 0.279 0.136 0.338  

Year=2006 -0.288 -0.313 -0.233 -0.205 -0.316 -0.315 -0.319 -0.474 -0.317 -0.474 -0.314  
Year=2007 -0.548† -0.573† -0.503 -0.476 -0.647† -0.664* -0.572† -0.688* -0.571† -0.688* -0.476  

Year=2008 -0.155 -0.155 -0.037 -0.015 -0.274 -0.307 -0.194 -0.339 -0.191 -0.339 -0.116  

Year=2009 -1.716** -1.693** -1.604** -1.601** -1.813** -1.830** -1.704** -1.798** -1.718** -1.797** -1.420**  
             

Attention breadth  0.145  -0.106       0.143 1.168* 

Attention breadth2   0.436* 0.515†       0.581 0.322 
External attention     -0.498      7.888* 22.098*** 

Internal attention      0.659     7.793* 20.527*** 
Future attention       -0.157    -0.257 -0.003 

Attention 

heterogeneity 

       -0.838*  -0.819* -0.668† -0.248 

Attention 

heterogeneity2 

        0.839 0.094 0.030 0.256 

             
N 324 324 324 324 324 324 324 324 324 324 324 324 

df 16 17 17 18 17 17 17 17 17 18 23 7 

Log-likelihood -424 -424 -421 -421 -423 -422 -424 -419 -423 -419 -409 -606 
Chi-square 1575*** 2249*** 2628*** 2588*** 3569*** 5391*** 1887*** 3878*** 3663*** 4254*** 12834*** 343*** 

†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001

1
5
9
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TABLE 5.17 - Summary of Hypotheses Test Results 

Hypothesis 

Number 

Hypothesis Testing Result 

H1 Older CEOs have lower attention breadth. 

 

Opposite 

H2 CEOs with longer tenure have weaker future attention 

focus. 

 

n.s. 

H3 CEOs with longer tenure have stronger internal attention 

focus. 

 

Opposite 

H4 CEOs with business and legal degrees have weaker future 

attention focus; CEOs with science and engineering 

degrees have stronger future attention focus. 

 

Partially supported 

H5 CEOs with backgrounds in output functions 

(R&D/engineering, sales/marketing) have stronger 

external attention focus; whereas CEOs with backgrounds 

in throughput functions (accounting, finance, 

administration, production) have stronger internal 

attention focus. 

 

Supported 

H6 CEOs with diverse functional backgrounds have higher 

attention breadth. 

 

Supported 

H7 Outside-industry CEOs have greater attention 

heterogeneity. 

 

Supported 

H8 A CEO’s attention breadth has a curvilinear relationship 

(inverted U-shaped) with innovation productivity. 

 

n.s. 

H9 A CEO’s attention breadth has a curvilinear relationship 

(inverted U-shaped) with the number of breakthrough 

innovations. 

 

Opposite 

H10 A CEO’s future attention focus is positively related to 

innovation productivity.  

 

n.s. 

H11 A CEO’s external attention focus is positively related to 

exploratory innovation; whereas a CEO’s internal 

attention focus is positively related to exploitative 

innovation. 

 

Partially supported 

H12 A CEO’s attention heterogeneity has a curvilinear 

relationship (inverted U-shaped) with the number of 

breakthrough innovations. 

 

Partially supported 
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FIGURE 2.1 - A Visual Illustration of CEO Attention Breadth, Focus, and 

Heterogeneity
10

 

 

 

CEO 1 
Attention Process

CEO 2 
Attention Process

CEO 3 
Attention Process

CEO 4 
Attention Process

                                                 
10

 Note:  

1. Different shapes represent different categories of stimuli perceivable to CEOs;  

2. Shapes in solid black denote internal (organizational) stimuli, and shapes without color denote 

external (environmental) stimuli. 



162 

  

 

 

  

FIGURE 3.1 - Framework of an Attention-based Model of CEO and Innovation 
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FIGURE 3.2 - Path Diagram of Research Model 
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FIGURE 5.1 - Curvilinear Effects of CEO Attention Breadth on 

Breakthrough Innovation 

B
re

a
k
th

ro
u
g

h
 I
n

n
o

v
a
ti
o

n
s

-2 s.d. -1 s.d. mean +1 s.d. +2 s.d.
CEO Attention Breadth



165 

  

 

 

  

APPENDIX 1 - Dictionary Development for Measuring CEO Attention 

The dictionary was developed following a mixed deductive and inductive 

approach (Short et al., 2010). Managerial attention, cognition, and mental-mode 

are highly context-dependent, thus managers in different industries have very 

different knowledge structure and their use of words and terminologies are 

determined by the focal industry. Therefore, a deductive approach is not able to 

capture these industry-specific terminologies and an inductive approach can 

supplement to form a more complete and accurate dictionary.  

Below is a thorough step by step description of dictionary development: 

1. In order to capture CEO attention breadth, the operational definition of the 

construct served as the starting point. CEO attention breadth refers to the degree 

of diverse stimuli. Therefore, first the number of cognitive categories in CEO’s 

attention needs to be determined. Two coders with expertise in strategic 

management read ten randomly selected CEO letters from the sample and each 

identified the number of distinct domains or cognitive categories in the letters. 

One coder identified six categories and the other identified one additional 

category. These categories are: Finance/Accounting, Sales/Marketing, Human 

Resource, Legal/Regulation, Operation/Production, R&D/Innovation, and 

Corporate Strategy. 

 

2. While identifying the number of content domains and cognitive categories, the 

two coders also identify a list of keywords in each of the seven domains. The two 

lists were then compared to produce an initial inter-rater reliability using the 
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approach by Holsti (1969). The specific formula for the ratio of agreement is C.R. 

= 2M/(N1+N2) where M is number of agreements between the two raters, and N1 

and N2 is the number of words coded by the two raters. The initial inter-rater 

reliability for the six categories is as follows: 

Category Finance Sales HR Legal Operation R&D 

N of words by coder 1 48 31 13 4 16 30 

N of words by coder 2 34 21 16 2 7 5 

Number of agreements 30 17 9 2 7 5 

Inter-rater reliability 

(Holsti, 1969) 0.73 0.65 0.62 0.67 0.61 0.29 

 

The initial inter-rater reliabilities are low because the two coders have 

different understanding of the domains and have not gone through the training. 

 

3. After the first round of coding, two raters had discussions on the operational 

definition of each of the category, and resolved divergent views. Formal working 

definitions are given after the discussion between the two raters. These definitions 

then served as the guide for subsequent inductive coding. 

 

4. To supplement this dictionary, a comprehensive list of commonly used words 

from the sample letters was identified. Similar to the inductive approach to 

dictionary development (Short et al., 2010), an exhaustive list of frequently used 

words within all texts was generated. Then, two coders independently examined 

this list and put the words into the corresponding category based on the working 
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definitions developed in the prior step. The inter-rater reliability was calculated 

using index given by Holsti (1969) and Perrault and Leigh (1989),
11

 and it is 

presented in the following table: 

Category Finance Sales HR Legal Operation R&D 

N of words 132 106 94 54 79 124 

Number of agreements 119 91 88 47 66 105 

Inter-rater reliability  

(Hoslti, 1969) 0.90 0.86 0.94 0.87 0.84 0.85 

Inter-rater reliability 

(Perreault & Leigh, 1989) 0.90 0.85 0.93 0.86 0.82 0.83 

 

 

                                                 
11

 Perreault and Leigh (1989)’s index of inter-rater reliability is calculated with:  

𝐼𝑟 = √(𝑝𝑎 −
1

𝑐
)(

𝑐

𝑐 − 1
) 

where pa is percentage of agreement; c is the number of coding categories. 
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