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Abstract 

This dissertation studies how organizations, when solving a specific problem, 

identify a set of potential solutions which we call “Search Space.”  By drawing from 

evolutionary theory and related literatures on strategic change, scholars have 

demonstrated differences in search mechanisms that explain how organizations choose 

solutions.  However, we still face unanswered questions in understanding how 

organizations decide where to search, including how organizations identify a set of 

potential solutions or Search Space.  This dissertation defines the concept of Search 

Space and identifies three factors – uncertainty, prior top managerial attention, and prior 

experience –that drive differences in Search Space.  Additionally, this dissertation starts 

to disentangle why some firms’ top managers are predisposed to paying more attention 

to new strategic areas by investigating the relationship between uncertainty and top 

managerial attention.  Hypotheses first testing the effect of uncertainty, prior top 

managerial attention, and prior experience on size of Search Space, and second testing 

the effect of uncertainty on changes in top managerial attention are tested using data 

describing the U.S. renewable electricity sector from 2000 to 2010.  We conduct both a 

cross-sectional analysis using data collected though a multiple respondent survey and a 

panel data analysis by tracking firms’ memberships in renewable electricity trade 

groups.  We find that uncertainty and prior top managerial attention increase size of 
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Search Space, but related prior experience reduces size of Search Space.  Additionally, 

uncertainty positively changes attention of top managers at headquarter units, but not at 

subsidiary units, towards renewable electricity.  These results contribute to our 

understanding of how organizations start solving problems by deciding where to search; 

how the boundaries of top managerial attention direct Search Space; and how different 

types of top managers interpret uncertainty.  Empirically, these results have important 

implications for how renewable policies should be structured and how firms develop 

new projects in the U.S. renewable electricity sector.
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1. Introduction 

Organizations solve problems by identifying solutions through a process of 

search (Cyert and March 1963; Nelson and Winter 1982).  Existing research on 

organizational search has highlighted many search mechanisms, including local and 

distant search (Helfat 1994; Helfat and Lieberman 2002; Katila and Ahuja 2002; 

Rosenkopf and Nerkar 2001; Siggelkow and Rivkin 2006), the impact of managerial 

cognition on forward-looking search (Gavetti and Levinthal 2000; Ocasio 1997), and the 

relationship between search outcomes and organizational performance (Ganco and 

Agarwal 2009), but it has also raised unanswered questions about the origins of search.  

What triggers search, and what are the environmental and organizational characteristics 

that aid organizations in identifying potential solutions (Gavetti and Levinthal 2000; 

Jacobides and Winter 2005)?  This dissertation furthers our understanding of a key 

aspect of the origin of search by understanding how organizations identify a set of 

potential solutions that we call “Search Space.”   

Search Space refers to the set of potential solutions that organizations identify 

when they are addressing a specific problem.  Organizations typically start searching for 

solutions once they are aware of a specific opportunity or problem.  In the presence of 

uncertainty, before choosing a solution, organizations will often start searching by 

idnetifying multiple potential solutions.  For instance, in a case study of Walmart’s 

expansion into China, Gupta, Govindarajan, and Wang identify three points in 
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Walmart’s journey where they identified multiple potential solutions before choosing a 

course of action: 1. deciding where to expand, 2. deciding how to expand, and 3. 

deciding which suppliers to purchase from (Gupta, Govindarajan, and Wang 2008).  

Cyert and March also discuss a scenario where a firm identifies multiple potential 

consultants before deciding whom to hire (Cyert and March 1963).  Because firms 

repeatedly identify Search Space of potential solutions when problem solving, Search 

Space may have important impacts on firms’ strategic trajectory.   

This dissertation takes a first step at contributing to researching exploring 

antecedents of search by defining Search Space, and understanding how firms identify 

Search Space.  Search Space has important implications for firms because solutions must 

be considered before they can be chosen, and thus, the solutions that firms identify in 

their Search Space will likely have an impact on how the firm allocates resources and 

develops a long-term strategy.  Similarly, policy-makers often face the onerous task of 

pushing firms to consider solutions that can benefit the whole industry; by 

understanding how firms identify Search Space we can provide insights about how 

uncertainty and organizational factors push firms to consider a bigger set of potential 

solutions1.   

                                                      

1 Research at the individual level has also shown the impact of consideration set characteristics such as size 

on consumer decision-making outcomes (McFadden 1973; Roberts and Lattin 1991; Payne, Bettman, and 

Johnson 1988) 
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1.1 Theoretical Framing 

By drawing on evolutionary theory and relevant behavioral perspectives, we 

develop a framework for the conceptualization of organizational-level Search Space.  In 

this framework, boundedly rational organizations solve problems by searching for 

solutions under uncertainty.  In their search for solutions, organizations are guided by 

their interpretations of the environment, stocks of knowledge, and routines (Cyert and 

March 1963; Nelson and Winter 1982).  We use this framework to identify three factors 

that based on organizational-level evolutionary and behavioral perspectives have been 

shown to be frequent drivers to a wide range of search mechanisms.  These three factors 

are: 1. uncertainty about the problem, 2. prior top managerial attention towards the 

context of the problem, and 3. organizations’ prior experience in activities related to the 

problem.  In the theory section we discuss why these three factors are most relevant for 

understanding Search Space and how they impact the size of Search Space.     

1.2 Empirical Setting 

To understand the concept of Search Space, we study how U.S. electric utilities 

identify a set of renewable electricity projects and technologies.  Renewable electricity is 

a relatively underdeveloped niche in the electricity industry – only 13% of the total 

electricity in the U.S. comes from renewable sources – making it a natural strategic area 

that U.S. electric utilities would consider entering.  Additionally, a recent important 

driver to increased attention to renewable electricity is a series of renewable policy 
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changes called Renewable Portfolio Standards (RPS).  Starting in 1983, RPS changes have 

affected firms in 29 U.S. states plus Washington DC and two territories; 8 states have 

also adopted voluntary renewable goals bringing the total number of states affected by 

renewable goals to 37.  These policy changes have become increasingly prevalent since 

the early 2000s, with 20 of the 29 states adopting RPS since 2000, and are pushing firms 

to provide a percentage of their total electricity from renewable sources.  RPS identifies a 

specific time range within which to examine U.S. electric utilities’ Search Spaces.  We are 

able to examine firms in states that are facing the policy change and those not facing the 

policy change; for firms that face RPS, we track their Search Space over an eleven year 

period, and in most instances, before and after the policy change has passed.  Because 

renewable electricity is a generally underdeveloped strategic area, and most firms are 

located in multiple states (60% of the sample supplies electricity to multiple states, 

increasing their likelihood of facing renewable requirements), we expect firms across all 

states to have some incentive to identify Search Space of renewable projects.  All three 

factors that we expect to affect Search Space are relevant in this setting: 1. uncertainty 

about renewable electricity policies, 2. prior top managerial attention to renewables, and 

3. prior firm experience with renewable electricity (the theory section will explain in 

greater detail why we focus on these three factors).  Overall, the U.S. electric utilities 

industry provides an exciting context in which to study Search Space by allowing us to 

explore an industry with relatively homogenous firms searching for renewable 
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electricity projects at a specific point in time, and undergoing technological evolution 

with vital strategic and public policy implications. 

1.3 Contributions 

Studying Search Space makes two important contributions to evolutionary 

theory and, more generally, related literatures on strategic change.  First, by defining 

and empirically testing the concept of organizational-level Search Space and identifying 

three important factors (uncertainty, prior top managerial attention, and related prior 

experience) that drive its characteristics, this research provides insights into how 

organizations decide where to search under uncertainty, and the factors that guide 

organizations’ searches for solutions.  Additionally, by including prior top managerial 

attention into our decision model, this research is able to demonstrate how the 

boundaries to prior top managerial attention, independent of prior experience, can affect 

search.  These questions are at the frontiers of current research in evolutionary theory 

and strategic change.    

Second, understanding Search Space contextualizes our current understanding of 

how organizations evaluate and select solutions.  Prior approaches to studying search 

have often implicitly assumed that the choice of local or distant search is independent of 

Search Space, or have identified a common Search Space for all firms in terms of a 

competitive landscape that is shared knowledge in the industry (Levinthal and Warglien 

1999; Rivkin and Siggelkow 2002).  By contrast, we can now identify the drivers to 
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different Search Spaces that may also be driving later search outcomes.  By integrating 

organizational-level Search Space into the search process, we can now bridge a key gap 

between antecedents and consequences of search.   

This study also makes important empirical contributions to the U.S. renewable 

electricity sector.  This paper is filling gaps in our understanding of how organizations 

are currently seeking solutions to develop the renewable electricity industry by using 

evolutionary theory as a framework to examine this critically important issue.  Because 

renewable policy changes are relatively new, and most companies have limited prior 

experience using renewable electricity, it is difficult to predict which renewable 

electricity technologies will be adopted in different settings and which will become 

dominant over time.  By understanding how organizations make search choices, we can 

shed some light on why certain renewable electricity technologies are identified and 

included in firms Search Space, and possibly why they are adopted more extensively 

and quickly than others; we can also determine the roles that uncertainty, prior top 

managerial attention, and related prior experience play in directing technology search.  

Finally, we can use this research to assess the degree to which the policy change has 

affected firm behavior and developed the renewable electricity sector across different 

types of firms. 
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1.4 Research Design 

Before commencing quantitative analysis of the renewable electricity data, we 

interviewed utilities executives, industry experts, and consultants to confirm the 

importance of uncertainty, prior top managerial attention, and related prior experience 

in determining Search Space.  The interviews suggested that identifying Search Space is 

an important part of the search process, with heavy involvement from top-managers, 

including CEOs and board members.  All companies in our sample set up an internal 

task force to identify potential renewable projects, and about half the firms also spent 

hundreds of thousands of dollars or more hiring external consultants and buying 

complex modeling tools; these initial investments have huge long-term impacts on firm 

strategy.  The purpose of setting up internal task forces and hiring consultants was to 

understand how to allocate billions of dollars over the coming years into long-term 

renewable electricity investments that would yield purchase power agreements with 

state governments.  These interviews provided confirmation that identifying Search 

Space is a crucial part of the organizational search process and that the factors we 

identified – uncertainty, prior top managerial attention, and related prior experience, are 

important drivers to Search Space.  

We chose to analyze as our dependent variable the size of Search Space.  The 

number of potential solutions in each firm’s Search Space is an important indicator of 

how much of the universal set of possible solutions a firm considers, and has 
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implications for the firm’s long-term strategic trajectory.  Future work will look at other 

characteristics of Search Space, such as the types of solutions considered, and diversity 

of Search Space.   

In order to test the concept of Search Space robustly, we use two measures of 

Search Space.  We collected the first measure by conducting a multi-respondent survey 

of all 223 U.S. electric utility firms, getting responses for 99 firms or 44% of the industry.  

Using the survey, we were able to get inside each firm and identify all potential 

solutions, that is, all the renewable electricity projects included in each firm’s Search 

Space.  To collect the second measure of Search Space, we conducted a longitudinal 

panel analysis tracking all 223 U.S. electric utilities’ memberships in renewable 

electricity trade groups from 2000 to 2010; we assumed that firms will invest the time 

and money necessary to join a renewable electricity trade group only if they are 

seriously considering investing in that technology.  Both measures (survey and panel) 

were counted to yield the dependent variable, which is the total number of potential 

solutions in each firm’s Search Space.  The dependent variable was combined with 

separately gathered archival data measuring uncertainty about the problem (number of 

years until RPS requirements must be met), prior top managerial attention to the context 

of the problem (number of words related to renewable electricity in a firm’s annual 

report from the previous year), and related prior experience (amount of renewable 

electricity generated by a firm in the previous year), along with relevant controls to test 
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hypotheses about Search Space.  Both measures of Search Space yielded consistent 

results and have helped us identify how uncertainty, prior top managerial attention, and 

related prior experience affect the size of Search Space.   
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2. Theory 

2.1 Conceptual Mechanisms 

Search Space is greatly inspired by Nelson and Winter’s “An Evolutionary 

Theory of Economic Change” (1982) and the following body of research that examines 

how organizations evaluate alternatives and choose solutions, and the contingent 

relationships between search outcomes and organizational performance.  Relevant work 

includes seminal research on adaptation and search choices (Gavetti and Levinthal 2000; 

Greve 2007); local and distant search (Ganco and Agarwal 2009; Helfat 1994; Katila and 

Ahuja 2002; Rosenkopf and Nerkar 2001); and processes by which organizations 

navigate n-k and similar industry landscapes to identify solutions (Adner and Levinthal 

2008; Capron and Mitchell 2009; Fortune and Mitchell 2012; Raff 2000; Rivkin and 

Siggelkow 2003).   

In addition to extending our understanding of many search mechanisms, this 

body of research has also raised unanswered questions about the origins of search.  By 

delving into the role of analogies, for instance, Gavetti and Levinthal (2000) have started 

to explore processes by which managers interpret the world around them to initiate new 

endeavors and solve new problems.  Jacobides and Winter (2005:396), meanwhile, 

discuss the importance of “which of the possible choices on the menu of available 

alternatives will be chosen by an individual firm at a given time,” and of understanding 

how the “menu” itself is created (Jacobides and Winter 2005; Jacobides and Winter 
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2012).  Other scholars using different theoretical lenses have also discussed the notion of 

an organizational-level Search Space and its impact on important decision outcomes 

(Kulchina 2012). 

Such current efforts are important starting points for our goal to understand 

search origins, but more strategy research must examine antecedent mechanisms before 

we have a framework to explain the origins of search.  Existing research suggests that 

some combination of competitive and environmental forces, organizational routines, 

and managerial characteristics affects how organizations initiate search.  The potential 

roles of uncertainty and experience arise directly from the established literature on 

search.  In parallel, work examining a variety of managerial characteristics such as 

cognition (Gavetti 2005; Kaplan and Tripsas 2008; Gavetti and Tripsas 2000) and 

attention (Eggers and Kaplan 2009; Ocasio 1997; Ocasio and Joseph 2005) highlight the 

importance of cognitive drivers to the antecedents of search.  In congruence with these 

interdisciplinary streams of research examining antecedents to search, this dissertation 

explicitly defines Search Space, and then demonstrates how uncertainty and important 

organizational factors help shape Search Space. 

The concept of Search Space is particularly relevant to the U.S. renewable 

electricity sector because utility companies have important incentives to consider new 

renewable technologies.  During interviews with multiple firms in our dataset, we 

learned that because of the prevalence of regulatory compliance in the industry, U.S. 
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electric utility companies are typically aware of renewable electricity regulations and 

their options for meeting requirements.  All firms seem to have access to the same 

publicly available information from state and federal governments, suggesting no 

information advantage based on external sources.  This background research suggests 

that public firms in this industry are reasonably similar in terms of their access to 

information about the future of the industry, in their access to lobbyists, and incentives 

to search for renewable projects.  Although regulatory changes between 2000 to 2010 is 

one important driver to the search for renewables, firms are also searching for 

renewables in anticipation of future regulatory changes and to augment a growing niche 

of customers willing to pay for renewable electricity.    

These diverse incentives for firms being interested in renewable electricity are 

reflected in the interviews.  In spite of the apparent similarities across publicly held 

utility companies, interviews with two large investor-owned utilities located in the same 

state, facing the same regulatory hurdles, and with the same access to renewable 

electricity resources shows that each firm had identified a different Search Space.  One 

firm said it would like to capitalize on its “existing hydros,” is investing in wind, and 

looking at solar “just in case things change.”  The second firm said it was “only 

interested in proven technologies and would only consider biomass.”  These interviews, 

reinforced by interviews with other firms, suggests Search Space, differs across 

seemingly similar firms in the same setting, and facing the same problem. 
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We also learned that because companies view identification of Search Space as an 

important activity, their top managers are involved in making important strategic 

decisions.  Companies are allocating at least hundreds of thousands of dollars to identify 

Search Space, with expenditures focusing on the following: allocating employees to 

identify Search Space, purchasing reports and industry analyses, paying membership 

fees to join trade groups, and hiring external consultants.  The cost of hiring consultants 

alone ranges from the low thousands to hundreds of thousands of dollars for companies 

that buy complex analytical tools.  These initial investments have significant long-term 

impacts; after top managers identify their firm’s Search Space and choose a specific 

renewable electricity project for investment, these companies expect to spend billions of 

dollars on infrastructure, and to exercise multi-year power purchase agreements with 

state governments.  Thus, because of the amount of time and money at stake, and these 

projects’ impact on their firms’ long-term strategic trajectory, top managers and their 

firms are taking the process of identifying Search Space very seriously.  

RPS policy changes in the renewable electricity sector act as an important trigger 

to search because they provide an explicit problem that applies to all firms in the 

industry, identifies a range of time by which firms must make a decision, and are 

independent of firms’ characteristics.  In other settings, the entire process of search, 

including identifying Search Space, may be endogenously determined by different firm-

specific factors.  For example, prior actions of the firm – such as investments in specific 
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products and technologies – may initiate search in a related niche, leading some firms to 

identify potential solutions that are not common knowledge in the industry.  In such 

settings, firm’s prior actions and/or firms’ top manager’s cognitive focus would 

determine its Search Space by mechanisms not necessarily comparable to other firms in 

the industry.  The trigger to identify Search Space may be different for different firms, 

and may consequently inform the contents of firms’ Search Spaces.  For the purposes of 

this research, we focus our analysis on understanding the concept of Search Space, 

independent of the trigger to search.  We assume the trigger to search is independent of 

prior firm activities, top managers’ interpretations of the external environment, and 

internal firm capabilities2; in the U.S. renewable electricity setting, this is a reasonable 

assumption.  In future work, we would like to include the potentially endogenous 

trigger to search as part of our analysis.  The three independent variables included in 

this analysis still likely have significant impact on the size of Search Space, but this 

question remains an empirical one.         

2.2 Formal Model 

 In order to better understand the decision process by which firms identify 

Search Space, we develop a formal model.  We start with the timeline of events: 

                                                      

2 Additionally, we examine changes within firms over time; we chose this restrictive model to eliminate the 

impact of differences in starting conditions across firms driving differences in size of Search Space. 
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Stock of Experience (things already done) & Prior Top Managerial Attention 

(new projects that the firm has thought about but not implemented) (T0) Exogenous 

Problem (T1) Firms Identify Potential Solutions (T2) Firms Evaluate Potential 

Solutions (T3)  Choose Solution 

The key assumptions in the model are as follows: 

1. Firms will first identify potential solutions and then evaluate them, that is, search is 

sequential. 

2. The number of potential solutions in Search Space is a function of firms’ prior 

experience and prior top managerial attention.   

3. Post problem, firms will identify X + Y potential solutions where 0  X+Y N where 

N is the total number of potential solutions in the universe of all alternatives.  X 

potential solutions will come from firms’ prior experience and Y will come from 

prior top managerial attention.  If either prior experience or prior top managerial 

attention is absent, then correspondingly X or Y will be 0. 

4. All firms will only identify potential solutions for which  .   

Using the above assumptions, we will predict Search Space for four types of firms: 

1. High Prior Experience & High Prior Top Managerial Attention: moderate size of 

Search Space  +  

2. High Prior Experience & Low Prior Top Managerial Attention: small size of Search 

Space +   
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3. Low Prior Experience & High Prior Top Managerial Attention: big size of Search 

Space  +   

4. Low Prior Experience & Low Prior Top Managerial Attention: moderate size of 

Search Space  +  

2.2.1 Effect of Related Prior Experience on Search Space 

Highly experienced firms are likely to know  number of alternatives, but firms 

with less experienced will know only  (where h > l) potential solutions from the 

universe of all possible solutions.  Additionally, highly experienced firms also know 

more about which potential solutions have been successful in the past.  Because the 

natural tendency of firms is to exploit a particular area of competence (Helfat 1994), even 

though the highly experienced firm “knows”  options, it has probably only been 

successful in  and will include in their Search Space a smaller number of  

potential solutions.  Low experience firms, on the other hand, have less path dependent 

preferences as a result of their prior experience and will include all the potential 

solutions they know in their Search Space.  Thus, highly experienced firm will be more 

selective and have a smaller Search Space than firms with low experience ( < ). 
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2.2.1 Effect of Prior Top Managerial Attention on Search Space 

Firms with top managers who have been paying more attention to the context of 

the problem would have already heard of some of the potential solutions, , prior to 

facing the problem.  This suggests that the marginal cost of identifying these potential 

solutions, when the firm faces the problem, is lower than the marginal benefit (  ) 

to identify new potential solutions for these firms.  On the other hand, firms top 

managers paying no or low attention towards the context of the problem, would not 

have heard of potential solutions prior to the problem, thus they will identify a fewer 

number of potential solutions, , where .  The resulting Search Space is as for 

firms with varying prior experience and prior top managerial attention are as follows: 

 High Attention        Low Attention

High 

Experience

Moderate = 

X(h/2) +Yh 

Small = X(h/2) 

+Yl

Low 

Experience
Big = Xl +Yh 

Moderate = Xl 

+Yl  

Figure 1: Decision Model Results: Effect of Related Prior Experience and Prior 

Top Managerial Attention on Size of Search Space 

After Search Space has been identified, firms will evaluate options and choose a 

solution.  Here we predict whether the solution will be local or distant based on the size 

of Search Space.  We assume that once firms have identified Search Space of potential 

solutions, each solution is equally likely to be chosen; i.e. in a Search Space with n 
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potential solutions, each option has a 1/n chance of being selected.  We are also assuming 

that firms will choose only one solution. 

Smaller Search Spaces are likely to have mostly local options – since only firms 

with high prior experience and low prior top managerial attention will identify small 

Search Spaces – and thus it is highly likely that the chosen solution will be local.  

Conversely, larger Search Spaces are likely to have more distant than local solutions – 

because firms with high prior top managerial attention and low experience will identify 

larger Search Spaces – thus on average, the chosen solution will be distant. 

For firms with moderately sized Search Spaces, we expect the solution to be 

predicted based on prior top managerial attention.  Because firms with high prior top 

managerial attention are likely to be aware of a greater number of distant options, we 

expect the high attention + low experience to yield a distant solution.  Alternatively, a 

firm with low prior top managerial attention will have fewer distant options, will choose 

a local solution. 

 
High 

Attention        

Low 

Attention

High 

Experience
Distant Local

Low 

Experience
Distant Local
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Figure 2: Decision Model Results: Effect of Related Prior Experience and Prior 

Top Managerial Attention on Localness and Distantness of Search Space 

The logic in this formal model is largely consistent with the conventional 

wisdom on search; by illustrating the independent (and not just contingent) effect of 

prior top managerial attention on both size of Search Space and the nature of the chosen 

solution, this model extends our current understanding of search.  The results show that, 

on average, firms will identify a larger Search Space if their top managers’ have been 

paying attention to the problem area prior to facing the problem and a smaller Search 

Space if they have a lot of experience with potential solutions.  Similarly, firms with top 

managers that have been paying attention to the context of the problem, will on average 

choose distant or new (for them) solutions; low prior top managerial attention firms, on 

the other hand, will choose a local solution simply because they are unaware of potential 

solutions they have not already implemented.  Although both prior experience and prior 

top managerial attention determine the size of Search Space, prior top managerial 

attention alone can determine the nature of the chosen solution. 
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3. Data & Setting 

3.1 Empirical Setting 

The empirical context for this research is the U.S. renewable sector.  We focus on 

electric utility companies in this industry that are making decisions about new 

investments in renewable electricity.  Currently these firms provide electricity to 

residential and industrial customers; examples of U.S. electric utility companies include 

large, diversified, publicly-owned companies such as Consolidated Edison Inc. as well 

as small, non-diversified, privately-owned companies such as Atlanta Power Co. of 

Idaho.  We focus on both public and private investor-owned utilities (IOUs) rather than 

non-profit and government-owned sectors of the industry because our theory assumes 

profit-maximizing behavior during the process of identifying Search Space.   

We explored U.S. electric utilities’ Search Space with regards to renewable 

electricity.  Although U.S. electric utilities generate most of their electricity (about 87% 

percent)3 from cheaply available non-renewable sources such as coal and natural gas, 

most (70%) large, investor owned utilities also have some renewable assets.  This may 

seem puzzling: why would profit-maximizing firms provide any electricity from more 

expensive renewable sources when cheaper sources are available?  There are two 

reasons: first, historically some electric utilities have had access to natural renewable 

resources such as rivers (on which hydroelectric plants are built) that made renewable 

                                                      

3 http://www.eia.gov/totalenergy/data/annual/showtext.cfm?t=ptb0201f 
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electricity financially sustainable; second, some electric utilities invested in renewables 

to diversify their portfolios to prepare for possible regulatory changes (deregulation of 

the electricity industry in the 1990s) and changes in customer preferences (emergence of 

green-power programs that allowed customers to voluntarily pay a premium for 

renewable electricity).  Given the low volume of renewable electricity produced by U.S. 

electric utilities, we studied how electric utilities identified Search Space of different 

renewable electricity projects and technologies from 2000 to 2010.  We focused on 

understanding the impact of uncertainty, prior top managerial attention, and related 

prior experience on each company’s Search Space.  

U.S. electric utilities may identify Search Space for a number of reasons, but one 

particularly important reason is state policy.  As of 2010, 29 states, Washington, D.C., 

Guam, and Puerto Rico had passed legislation, and eight more had initiated renewable 

policies including voluntary goals for electric utilities to provide a percentage of their 

total electricity from renewable sources.  This policy change is commonly called 

Renewable Portfolio Standards (RPS) and includes the five following requirements: (1) 

the percentage or amount of renewable electricity required; (2) all of the possible 

technologies of renewable electricity that the utility may use to meet the requirement; (3) 

annual goals (if any); (4) whether the renewables must come from new construction or 

not; (5) whether the construction must be in state or not; (6) the year by which 

companies must meet the full requirements of the policy.  Exact percentages, amounts, 
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and dates vary by state; for instance: some states include geothermal energy as potential 

renewable source, while others have a required solar energy quota, but the overall 

structure of the law is similar across states.  The most recent policy changes have 

mandated U.S. electric utilities to provide between 5% and 40%  of their total electricity 

from some combination of five renewable technologies (solar, nuclear, biomass, wind, 

and hydro) by 2015 to 2030.  The goal of the policy change is to push utility companies to 

build renewable capacity in an economically sustainable manner (Fremeth & Marcus, 

2011; Lyon & Yin, 2010).   

Our dataset includes information on all U.S. investor-owned electric utilities, 

including firms that are not facing the policy change, from 2000 to 2010.  These data 

allow us to study firms’ Search Space across states with different policy requirements, 

and in most cases, before and after the policy change has been enacted.  This context 

captures an important technological and policy phenomenon that is likely to change the 

strategic trajectory of the U.S. renewable electricity sector.   

Because this research is the first to explore the concept of Search Space, we 

decided to measure Search Space in two ways; two measures allow us to better assess 

the validity of the constructs.  Ideally, both measures of Search Space will yield 

consistent results.  Conversely, if the measures generate contradictory results, we can 

use these findings to identify a boundary condition to our theory.  In either case, 

multiple measures allow for better development of the core concept of Search Space. 
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The first measure of Search Space is operationalized as the number of different 

renewable electricity projects considered by each company.  We collected these data 

through a multi-respondent, industry-wide survey targeting all 223 investor owned 

utilities (IOU) in the U.S (44% response rate).  The second measure of Search Space is 

operationalized as U.S electric utility firms’ total number of renewable electricity trade 

group memberships.  This measure assumes that when seriously considering potential 

solutions, firms will invest resources towards better understanding their Search Space.  

This second measure was collected by contacting five (solar, nuclear, hydro, wind and 

biomass) renewable electricity trade groups for their membership rosters from 2000 to 

2010.  Both measures of Search Space were combined with measures of the three key 

independent variables and appropriate control variables that were independently 

collected from three separate archival sources: Platts, Compustat, and Securities and 

Exchange Commission (SEC) databases.  

3.1.1 Survey Data  

Because it was essential to get inside each firm to truly understand its Search 

Space, the first measure of Search Space comes from an industry-wide multi-respondent 

survey.  The survey sample was selected based on the industry list from Platts Database, 

which collects a variety of data on electricity and energy industries, including data on all 

electricity providers in the world.  By using Platts’ comprehensive sample of electricity 
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providers in the U.S., we identified and targeted all 223 IOUs, of which 152 are publicly 

owned and 71 are privately owned.   

We followed multiple steps in designing the survey, including pilot testing the 

survey with electric utility companies and the Electric Power Research Institute (EPRI), 

both of whom are familiar with language appropriate for a utility industry survey.  After 

multiple iterations of our survey, we received confirmation that we were asking 

questions appropriate for measuring Search Space.  Next, we launched the survey; all 

223 companies were asked for consent in participating in the survey and sent, 

depending on their preference, email or phone surveys.  We targeted multiple 

individuals within each firm with the goal of gathering responses from at least one 

member of the top management team and also one member of a technical team; we 

received multiple respondents from firms in 79% of the cases.  The survey was started in 

October 2010 and the last response was collected in March 2011.  We received responses 

from 99 of the 223 companies, which is a response rate of 44%; compared to other 

surveys in management, this is well above the 10-20% base rate and covers almost half 

the industry (Baruch and Holtom 2008; Huselid 1995; Simsek, Heavey, and Veiga 2010).  

In addition to measuring Search Space, the survey also collected demographic 

information about the respondent, and information about firms’ current and future 

renewable electricity projects.   
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The survey sample is comprehensive as it includes both public and private firms 

across 40 states in the U.S.  The sample was also tested for concordance4 between all 

respondents from the same organization without significant differences.  Additionally, 

the survey also specifically asked for at least one respondent from the top management 

team, which happened in 79% of the cases.  This gives us great confidence that this 

sample of 99 electric utilities is indeed representative of the industry, and that each 

company has correctly identified in the survey its Search Space.   

                                                      

4 Multiple responses from the same firm were averaged to generate the final variable values for each firm.  

There was a high degree of concordance, roughly 85%, between respondents.   
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Table 1: Survey Data Questions 

Q1. Please enter the following information about your company.  

a. Company name 
 

b. Your division (e.g., Planning, Top management, Operations, ...) 
 

c. For how many years have you worked with your company? 
 

d. In which city are you based? 
 

Q2. How important are the following reasons when your company considers new RENEWABLE 

ELECTRICITY projects (e.g., Solar, Wind, ...)?   

         
Not  

Important  

Somewhat  

Important  

Quite  

Important  

Very  

Important  

Extremely  

Important  

Not 

Applicable  

a. Hedge against electricity industry 

changes  
      

      

b. Competitors entering renewables        
      

c. Shareholder pressure        
      

d. Customer pressure        
      

e. RPS/Regulatory pressure        
      

f. Fit with strategic business direction        
      

g. Similarity to our core 

competencies  
      

      

h. Business diversification        
      

i. Other: Please specify        
      

Q3a. When gathering information to consider new renewable electricity projects, how extensively does 

your company use the following SOURCES OF INFORMATION?  Independently, please rate the 

USEFULNESS of each.  

   

Extent of Use 

  

Usefulness   

   

Not 

Used 

Low 

Usage 

Medium 

Usage 

High 

Usage 

Very 

High 

Usage   

Not 

Useful 

At All 

Low 

Usefulness 

Somewhat 

Useful 

Very 

Useful 

Extremely 

Useful 

Not 

Applicable 
  

a. Internal consultants 

  
     

  
      

b. External consultants 

  
     

  
      

c. Trade group(s) (e.g. EPRI, ...) 

  
     

  
      

d. Government 

  
     

  
      

e. Industry reports 

  
     

  
      

f. Other: Please specify 
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Q3b. When gathering information to consider new renewable electricity projects, to what extent does your 

company search for the following TYPES OF INFORMATION? Please specify the name of the specific 

information in the space provided. Independently, please rate the USEFULNESS of each.  

   

Extent of Search 

  

Usefulness   

   

No 

Search 

Low 

Search 

Medium 

Search 

High 

Search 

Very 

High 

Search   

Not 

Useful 

At All 

Low 

Usefulness 

Somewhat 

Useful 

Very 

Useful 

Extremely 

Useful 

Not 

Applicable 
 

a. Technological information 

(e.g., if Solar, panels or other?) 

 
  

     
  

      
  

b. Regulatory (e.g., information 

about RPS; rate recovery 

provisions, ...)   
     

  
      

  

c. Business (e.g., pricing 

models; market conditions; 

purchased power contracts, ...) 

 

  
     

  
      

  

d. Tax benefits 

  
     

  
      

  

e. Assess fit with your existing 

internal capabilities 
  

     
  

      
  

f. Information about specific 

competitors 
  

     
  

      
  

g. Other: Please specify 

   
     

  
      

  

 

 

Q4. Has your company begun participating in and/or decided to begin participating in renewable electricity 

projects?   

   

Source of renewable electricity  

(Choose all that apply) 
  

Project type   

   

Solar Wind Biomass Nuclear Hydro 

  

Generation 

Owner or 

Partner 

Buy 

from 

3rd 

party 

Both 

 

a. We NOW PARTICIPATE IN the following projects 

  
     

  
   

  

b. We have DECIDED TO PARTICIPATE IN the following 

projects 
  

     
  

   
  

c. We are NOW CONSIDERING the following projects 

  
     

  
   

  

d. We have DECIDED NOT TO UNDERTAKE the following 

projects 
  

     
  

   
  

e. We have NEVER CONSIDERED the following projects 
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3.1.2 Panel Data 

The second measure of Search Space tracks the same 223 U.S. electric utilities’ 

memberships in five renewable electricity trade groups from 2000 to 2010.  This measure 

was collected by contacting the Solar Electric Power Association, the National Hydro 

Association, the Nuclear Energy Institute, the Biomass Power Association, and the 

Utility Wind Integration Group for their membership rosters from 2000 to 2010.  The 

final unbalanced panel dataset including all control variables contains data describing 

135 electric utilities from 2000 to 2010; in order to run our analyses, we use a balanced 

panel of 112 firms.  Missing data occur because of the following two reasons: first, 71 of 

the 223 electric utilities are privately owned, which means we do not have access to data 

measuring control variables from Compustat and prior top managerial attention from 

the SEC; second, an additional 40 firms are also missing sufficient data to construct a full 

panel because they were acquired (56 utility companies were acquired between 2000 and 

2010).  Of the 112 firms remaining, 24 firms in 7 states never face the policy change as 

they are located in states that never enact any policy changes, however because policy 

changes are being rapidly adopted during the panel, and 60% of the sample is located in 

multiple states, we believe all firms have some incentive to search for renewable 

electricity projects and sources.  Similar to our sample for the first measure of Search 

Space, this sample too is comprehensive as it covers most of the industry (135 out of 223 
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firms), includes electric utilities that are not responding to the policy changes (24 firms), 

and covers 32 states in the U.S.   

3.2 Qualitative Data 

In addition to collecting empirical data describing the industry, we conducted 

five exploratory interviews to understand both the underlying structure of decision-

making in the U.S. renewable electricity sector and firms’ responses to the renewable 

electricity policy change.  In addition to identifying the main decision-makers, these 

interviews highlighted processes by which these companies make decisions about 

investing in renewables; and the timeline of decisions.  These interviews were conducted 

along with the survey.  While the early interviews provided information about the 

reliability of the survey, the later interviews were focused solely on gaining background 

information to understand how and why these companies entered the renewable 

electricity sector. 

The research design is a multiple case-study involving five firms.  These firms 

were selected in order to provide different types of information about entry into the 

renewable electricity industry.  Across the chosen firms, there is variation in size, 

performance, diversification, geographic location, organizational structure, and size and 

contents of Search Space.  This was done to gain the maximum amount of information 

about the breadth of companies in the industry, allowing for generating results that can 

be generalized across the utility industry. 
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Given that this project is aimed at understanding Search Space, companies that 

are already active and those that are not yet active in renewables were interviewed.  In 

addition, the cases studies explicitly sought the perspective of both companies that view 

RPS and renewables as positive, as well as negative.  Although this difference in 

perspective does not always manifest as differences in Search Space, it does highlight 

differences in how companies approach search.  

3.2.1 Company A 

The very first company we interviewed is a large, publicly-owned, diversified 

utility company located in south-east USA.  This company was first interviewed on 

April 22, 2010 – about 5 months before the survey was conducted; follow-up interviews 

were conducted closer to the date of the survey to confirm data collected in this 

interview.  The purpose of this interview was twofold: first, this company was a pioneer 

in the renewable electricity industry and thus its perspective on the industry was 

particularly useful for the project.  As pointed out by Eisenhardt and Graebner (2007), in 

a multiple case study approach, it is often valuable to choose cases based on how much 

they can contribute to extending the boundaries of the project, even if they are not a 

prototypical example.  Second, this project was chosen was to confirm the validity of the 

survey questions in understanding the concept of Search Space.  At this stage in the 

project, a draft of the final survey had been created, and this interview offered an 

opportunity to test the appropriateness of the questions.  Thus, this interview was both 
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exploratory – in terms of understanding the development of the renewable electricity 

industry; and confirmatory – in assessing the value of the survey. 

Company A is a large, well performing, publicly-owned utility company.  

Company A is also both geographically and business diversified.  This is useful to our 

study as both performance and diversification are key variables along which companies 

are differentiated.  Because this interview included some retrospective bias, measures 

were taken to mitigate its impact.  Questions were asked about the company’s past as 

well as present practices.  In addition, multiple people were interviewed; specifically the 

responses of a company veteran were corroborated with a newer employee in the 

renewable division, who was hired to replace the older employee who was retiring.  

There was a very high level of consistency across both respondents, lending support to 

the validity of their responses. 

In terms of the exploratory aspects of the interview, Company A asserted that 

they were pioneers in the renewable electricity field as they started investigating 

renewable electricity in early 2000.  The RPS requirements were only passed in 2007, 

during which time Company A was a staunch supporter of the legislation.  The RPS 

legislation allowed Company A to include renewable electricity in their rate base – 

which is the most sustainable strategy for long term profits.  The main impetus to invest 

in renewables came from Company A’s forward looking CEO.  The director of 

renewable energy stated that their CEO “had grandchildren and wanted to leave them 
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in a better world;” the company started looking into renewable sources of electricity 

well before the rest of the industry or the push from the government.  The strategic 

direction of the firm was chosen based on the CEO’s preferences, and because the 

company was successful, the board and employees trusted the CEO’s discretion. 

Once this decision was made, the company did some research by looking at other 

U.S. and international firm’s actions.  However, they were in a bind because there were 

not many options to study as they were one of the first American firms to invest in 

renewables in 2000.  Additionally, while there were many renewable electricity 

companies in Spain and Germany, the regulatory environment was too different to make 

analogous comparisons.  In the end, Company A examined a few firms in Florida before 

deciding what types of technologies to include in their Search Space.   

Because Company A was a pioneer, it was compelled to create an internal 

consulting group that did most of its pre-entry research.  External consultants or the 

government were not much help, although they had a good relationship with the latter.  

Similarly, because there was no industry for renewable electricity when they started, 

they searched for all types of information before finalizing their investment strategy.  

The confirmatory aspect of the interview focused on validating the survey and 

testing that it measured the “right concepts” and the concepts that it measured made 

sense for this dissertation.  For example, the interview confirmed that companies do in 

fact do research prior to entering a new industry, and one aspect of this research is 
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focused on identifying Search Space.   It also confirmed that although for some types of 

projects (and probably some types of firms), there is a search protocol in place – such as 

a predefined group of employees to do the research – in many cases firms search ad-hoc 

by employing both internal and external consultants.  At the very least, this interview 

suggested that in the case of an emergent market, search protocol was equally uncertain 

and likely to differ across firms. 

The interview confirmed that the questions in the survey were relevant to 

understanding how companies search for information prior to making investment 

decisions.  However, perhaps more useful, was company A’s assertion that competitive 

pressures are largely absent in this monopolistic and highly regulated industry.  They 

identified the complete lack of incentives for aggressively imitating or monitoring 

competitors in other states – they were the pioneers so not too many others to monitor, 

and differences in regulatory regimes implied a lack of similarity across contexts.  This 

led to the dropping of questions focused on understanding just how much time was 

spent evaluation the behavior of competitors in other states or other countries.   

Overall, the interview suggested that the biggest push to go renewable was from 

the top.  Although the interview does not reveal why CEOs may harbor specific 

preferences, it does suggest that those preferences matter.  Furthermore, it validated the 

presence of Search Space and identified the search practices of an industry pioneer.  

Intuition may have suggested that Company A may do no search because it was a first 
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mover and lacked information about the industry.  But in reality they did a very broad 

search as they could not rely on anyone else’s information, and were attempting 

something new and risky.   

3.2.2 Company B 

The next company to be interviewed was Company B on July 9th 2010.  

Although this company was similar to Company A in many ways, it had a few key 

differences which made it a valuable addition to this multiple case study analysis.  By 

this stage in the research project the survey was almost finalized, hence the interview 

focused on gaining insight on the development of the renewable electricity industry and 

Company B’s approach to preparing for new market entry.   

Company B was similar to Company A in many ways – big, well performing, 

publicly-owned, and geographically diversified.  However, unlike A, Company B was 

not a pioneer in the renewable electricity industry.  In fact, it only started investing in 

renewables to meet the RPS requirements after legislation had been passed.  Upon 

interviewing the strategic planning division of Company B, the main reason offered for 

their lukewarm response to renewables was the lack of financial viability of renewable 

electricity.  Specifically, the top management team did not view renewable electricity as 

a profitable opportunity to be pursued at the time.  Company B, which is located mostly 

in southern USA, believed that their most viable renewable option was “wind energy; 

however, given the current state of technology and electricity pricing, wind energy is 
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still expensive compared to fossil fuels.”  In addition, wind energy loads (calculated by 

studying wind maps) “move in the same direction as fossil fuels and thus do not 

provide a benefit to their electricity portfolio.”  Finally, because of their location, 

Company B sells to a relatively poor customer base; the interviewees believed that their 

customers would not be willing to pay any sort of premium for clean electricity, all in all 

making “renewables financially impossible.”  Company B did say that there was some 

pressure from the shareholders to go green, but until the top management team found a 

strategy to make renewable profitable, it was unlikely to happen.  One alternative being 

considered was nuclear energy; the interviewees stated that Company B already had a 

number of nuclear assets which could be refurbished in order to meet the RPS 

requirements.   

Company B’s top management preferences are reflected in their search behavior 

strongly.  For instance, while they chose to search for multiple types of information, 

their biggest search was for business information, that is, a way to make renewables 

profitable.  Next, they searched with equal intensity for regulatory and technological 

information.  More interestingly, they relied quite heavily on external consultants to 

learn about the state of the industry before making any renewable investments.  This 

may have been because they lacked internal expertise with regards to renewables, or 

because external consultants have more legitimacy when making decisions with 

uncertain outcomes.  Company B also utilized other external sources of information 
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more extensively than Company A.  Give that they started their search for information 

much later than Company A, it makes sense that outside sources of information were 

both available and reliable.  

3.2.3 Company C  

Company C was also interviewed in early July 2010.  Unlike the first two 

companies, Company C is a very small, non-diversified, and privately-owned.  Because 

of the state in which it is located and its small size, Company C is not required to meet 

any RPS requirements.  However, because it is physically located close to a river, it had 

always been 100% green and provided hydroelectricity.  In addition, the company 

management is local to the town and felt that being green was important to the town’s 

well-being.  Because Company C’s electricity is not part of a grid, their main focus was 

on reliability.  As hydroelectricity met this need, they felt no need to find an alternate 

source of electricity.  They did also state that it is unlikely that they will expand into 

other renewables even if local demand were to increase.  Company C seemed to be a 

company that had found a successful strategy for providing electricity, and felt little 

need to devise new strategies for the future.  In that respect it was markedly different 

from the large, diversified, publicly-owned companies that were constantly hedging for 

the future.  

Their search behavior reflected the above preferences.  For instance, while 

Company C did not engage in any search related to new market entry, a member of the 
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company management did attend seminars and conferences and keep tabs on what their 

competitors are doing.  This focus on competitor actions is in sharp contrast to the 

majority of the industry, which claimed not to spend much time evaluating competitors.  

In addition, Company C also claimed to follow a “role-model” policy where they 

followed the actions of model companies that it hoped to emulate in success.  Finally, 

because of their small size, and lack of expectation of change in business conditions, 

Company C hired external consultants to learn more about the industry but did not do 

any research in-house.  Given their stable business situation, they felt that the cost of 

doing in-house research was too high.  Since Company C was not required to meet the 

RPS requirements, the main finding in the case – i.e. Company C does very limited 

research, and no in-house research, is not surprising.  However, it is surprising that they 

monitor their competitors, especially since it is not symptomatic of the industry.   

3.2.4 Company D 

Company D was interviewed in early November 2010, after the survey was 

already underway.  This interviewed was done to corroborate the results of the survey, 

and to understand Company D’s motivations to invest in renewable electricity.  Unlike 

most of the companies in the sample, Company D is located in a state that has no RPS 

regulations; in addition Company D is owned by the state government.  Hence, 

Company D was included in this multiple case study to extend the boundaries of the 
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analysis and to understand exactly how companies approach renewable electricity 

investments in the absence of regulatory pressure. 

Like Company A, Company D was also a pioneer in renewable electricity – both 

in its home state and across the country.  This is surprising, given that Company D’s 

home state still does not have a RPS requirement; additionally, at the time that it went 

green, Company D had no idea RPS requirements would proliferate so rapidly across 

the U.S.  Company D went green in 2001 and has done renewable projects ever since.  

Since this is a state owned company, the main push to go green came from the board, 

which viewed sustainability as a central part of its mission.  The company also felt 

strongly about keeping its state clean and green.  

While Company D is similar to Company A on many dimensions, their search 

processes were quite different.  Although the type of content each company searched for 

is similar – all types of information -- Company D hired external consultants who 

worked with their internal groups to gather information.  Their justification was that 

they knew nothing about renewable electricity and preferred to have “experts” tell them 

about their options before making a decision.  However, similar to Company A, they did 

admit that they did not get much useful information from looking at utility companies 

in other states and countries because the context was too different.  Another difference is 

that they were focused on finding the best technology for their renewable projects.  

Given that they did not need to meet a regulatory hurdle, and they are government 



 

39 

owned (and hence less affected by competitive forces such as prices changes or 

organizational pressure from board members who want big dividends), it makes sense 

that technology would outrank business and regulatory preferences. 

Although this case is atypical for many reasons – pioneering company without 

the need to be green and government ownership – it do highlights both similarities and 

differences with the other pioneer, Company A.  In both cases, top managers’ impetus to 

push the company in a particular direction led to a strategic change.  What is truly 

surprising is that this seems to hold across different locations and ownership regimes.  

3.2.5 Company E 

Company E was interviewed in late November 2010 and again in March 2011.  

By the time the second interview was conducted, 95 companies had responded to the 

survey.  Thus the purpose of the interviews was purely to gain insight about the 

company and corroborate the findings of the survey.  Company E was chosen as it is a 

medium-sized, non-diversified, publicly-owned company with below average 

performance.  It is also located in a different part of the country than any of the other 

companies.  Thus in the context of the design of the case study, it is quite different from 

the other cases. 

While Company E is not a pioneer in the industry, it did start investing in 

renewable electricity before legislation was passed.  Their first renewable project was 

done in conjunction with a local wind farm in 2003-04, at least three years before RPS 
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requirements were passed.  Thereafter renewable projects have continued, but the 

company became more focused on meeting RPS requirements.  It was indicated that 

designing projects to meet RPS standards was somewhat bureaucratic and less useful 

with regards to the company’s overall mission to go green. 

The original decision to go green in 2003-2004, was taken in line with the 

company’s goals and mission.  Since then both shareholders and the company’s 

management have stayed true to this decision and continued pursuing renewable 

projects.  However, in terms of directing the company’s strategic direction, company 

management is much more important.  This company’s management viewed renewable 

electricity as an opportunity for growth and thus chose to invest, thereafter the board 

followed, not vice versa.  Thus, even though this company is facing financial difficulties, 

it was one of the earlier companies to go green.   

Their process of search is very similar Company D’s; they are interested in 

finding the right technologies and using information from external consultants.  Similar 

to Company D, they also felt that drawing on the knowledge from experts was safer 

than only setting up an internal group.  This would also explain their frustration with 

the bureaucratic and regulatory requirements of the RPS legislation, as they might be 

especially unfamiliar with the legal code.  Surprising, they did find information from the 

government to be somewhat useful, but in all other aspects generally designed an entry 

strategy with help from external consultants only. 
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Table 2: Summary of Organizational Characteristics of Cases 

Case Size 
Geographic  

Diversification 

Business 

Diversification 
Performance Pioneer 

A Big Yes Yes Good Yes, 2000's 

B Big Yes No Good No 

C V. Small No No Good Yes, but by default 

D Big No No Medium Yes, 2001 

E Medium No No Bad 2004 

 

Table 3: Summary of Regulatory Characteristics of Cases 

Case 
Perception of  

RPS 

Regulatory  

Knowledge 

Relations w/ 

Government 

Unregulated  

Assets 

Search  

Amount 

Facing  

RPS 

A Positive Yes Yes Yes Medium Yes 

B Negative Yes Unknown No High Yes 

C Neutral No No  No V. Low No 

D Positive Yes Yes No Low No 

E Positive Medium No  No Medium Yes 
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4. Study 1: What determines the Size of Search Space? 

Identifying Search Space is an important part of the search process with 

significant implications for understanding why firms choose local or distant solutions 

and for understanding the impact of those solutions on future performance.  This study 

focuses on understanding the drivers to size of Search Space because size of Search 

Space is an important indicator of how much of the universe of potential solutions firms 

consider, and has implications for the firm’s long-term trajectory.  We start by 

identifying three factors which, based on a vast body of research examining 

evolutionary and behavioral search mechanisms, should affect the size of Search Space.  

These three factors are as follows: uncertainty about the problem, prior top managerial 

attention, and related prior experience.   

Existing research on search suggests that some combination of competitive and 

environmental forces, organizational routines, and managerial characteristics affects 

how organizations initiate search.  In particular, the role of uncertainty and experience 

are central to driving local search across a variety of individual and organizational 

settings.  More recent work linking behavioral and evolutionary perspectives by 

examining the effect of cognition (Gavetti 2005; Gavetti and Tripsas 2000) and attention 

(Eggers and Kaplan 2008; Ocasio and Joseph 2005; Ocasio 1997) highlight the importance 

of cognitive drivers to search.  In congruence with these interdisciplinary streams of 
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research examining search, in this study we focus on the impact of uncertainty, prior 

experience, and prior top managerial attention on the size of Search Space. 

To understand how uncertainty about the problem, prior top managerial 

attention, and related prior experience affect the size of Search Space, we developed a 

conceptual framework to understand how top managers in U.S. electric utility firms 

solve problems.  Because we are primarily interested in defining and understanding 

Search Space, we are assuming that all firms will solve problems as per our conceptual 

framework.  In the presence of uncertainty, organizations will identify multiple potential 

solutions (Fleming 2001) with up to N potential solutions, where N is the universe of all 

possible solutions as defined by the problem (Roberts and Lattin 1991).  Boundedly 

rational organizations will identify Search Space by using routines to calculate the costs 

benefit tradeoff for each potential solution that they are aware of and believe can solve 

the problem at hand.  Thereafter, only potential solutions that have the highest cost 

benefit tradeoff will be included in their Search Space.  The main concepts, their 

definitions, and operationalizations can be found in the table below.   

Table 4: Concepts Table Study 1 

No. Concept Definition Operationalization 

1 Search Space Set of potential solutions identified 

when addressing a specific problem 

or opportunity 

Set of potential renewable 

electricity projects 

considered; Set of renewable 

trade groups joined 

2 Uncertainty A setting in which multiple of 

aspects of that setting have the 

potential to change, but the 

Number of years until the 

RPS policy change deadline  



 

44 

likelihood of change is not known 

3 Prior Top 

Managerial 

Attention 

Top managers' focus towards a 

specific area, technology, or product 

which the firm has not already 

implemented 

Count of words related to 

renewable electricity in the 

annual report from the prior 

year 

4 Related Prior 

Experience 

Prior knowledge, routines and 

skills, in a technological or product 

area that is closely linked in terms 

of routines to the specific problem 

being addressed 

Total megawatts of 

renewable electricity that 

each firm has generated in 

the prior year 

4.1 Hypotheses for Study 1 

4.1.1 Uncertainty and Size of Search Space 

To help firms identify Search Space rather than a single, seemingly optimal 

solution, uncertainty is necessary (Fleming 2001; Levinthal and March 1981; Tushman 

and Nelson 1990).  We define uncertainty as a setting in which multiple attributes of the 

problem have the potential to change, but the likelihood of change is not known (knight 

1921).   

Before identifying the most relevant type of uncertainty for identifying Search 

Space, we considered three possible sources of uncertainty: first, uncertainty about costs 

and benefits of potential solutions; second, uncertainty about the context in which the 

solutions will be used; third, uncertainty about the problem (Argote 1982).  Because 

identification of Search Space is a mechanism by which organizations solve problems, 

uncertainty in the problem (the third type) is most relevant for our argument.   

We addressed the two other types of uncertainty as follows: first, because costs 

and benefits of potential solutions depends on firms’ prior experience with different 
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solutions, we assumed that this type of uncertainty will differ across firms based their 

prior experiences.  In this regard uncertainty about costs and benefits about potential 

solutions is not a property of the problem being solved, but a property of the firm 

solving the problem; we include a measure of prior experience as well as firm fixed-

effects as controls.  Second, to address uncertainty about the context, we controlled for 

the history of environmental change in each state (Fabrizio 2012).  We acknowledge that 

environmental changes may affect the size of Search Space, but we focus this research on 

clarifying problem-solving mechanisms and on the relationship between uncertainty in 

the problem and size of Search Space; we control for the presence of environment 

changes, but do not focus on them in our study. 

The third type of uncertainty – uncertainty in the problem – is best characterized 

as Knightian uncertainty (Knight 1921).  Organizations may know which aspects of the 

problem can change over time, but they do not know how the problem will change (the 

amount of renewable electricity may increase or decrease; the number of renewable 

electricity sources may increase or decrease) and when the problem will change (the law 

may change two years or five years before the deadline).  Because organizations do not 

know how and when the problem will change, they cannot assign probabilities to the 

likelihood of change; this type of uncertainty is known as Knightian uncertainty (Knight, 

1921). 
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Research on Knightian uncertainty suggests that inability to assign probability 

distributions to factors that may change over time will limit decision makers’ ability to 

assign risk profiles; this may reduce reliance on quantitative analysis while increasing 

reliance on qualitative analysis (Cyert and March 1963).  Furthermore, as Knightian 

uncertainty increases, the number of potential solutions considered should also increase 

to allow organizations to hedge for the future; instead of knowing which solution is 

optimal, organizations will consider multiple scenarios matching multiple solutions.  

Unlike pure uncertainty (where the decision-makers do not know what might change), 

and risk (which allows the probability distribution to be quantified), Knightian 

uncertainty allows firms to consider multiple different scenarios that are best addressed 

by different solutions, thereby increasing the total number of potential solutions 

considered.  This trend was confirmed anecdotally in interviews with U.S. electric utility 

executives who acknowledged considering some renewable electricity sources solely to 

hedge for the future, as “anything could happen.”  This logic leads to our first 

hypothesis. 

H1.1: The greater the Knightian uncertainty about the problem, the greater the 

size of Search Space 

4.1.2 Prior Top Managerial Attention and Size of Search Space 

Recent research exploring the cognitive underpinnings of behavioral 

mechanisms in organizations highlights the important role that top managers play in 
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deciding where and how their organizations’ search (Gavetti and Levinthal 2000; Ocasio 

1997).  In particular, there is growing belief that organizations make key strategic choices 

based on the attention of their top managers (Dutton and Ashford 1993; Ocasio 2011).  

Top managerial attention, as defined by the attention-based view of the firm, combines 

both structural and cognitive elements that affect organizations’ strategic actions (Eggers 

and Kaplan 2008; Ocasio and Joseph 2005).  At a structural level, what Ocasio (1997:2) 

describes as “situated attention” depends on organizational characteristics such as rules, 

distribution of activities and resources, and the context in which top managers make 

decisions; at a cognitive level, what Ocasio (1997:2) calls “focus of attention” identifies 

discretionary choices top managers’ make when deciding what to focus on when they 

are making decisions (Barnett 2008; Cho and Hambrick 2006).  We draw upon this 

discretionary perspective of top managerial attention, and for this research, define top 

managerial attention as top managers' focus towards a specific area, technology, or product 

that the firm has not already implemented. 

Top managers will attend to things that the firm has already done as well as new 

endeavors that the firm has not yet done.  In this research, we define top managerial 

attention to refer only to new activities that the firm has not yet done because we are 

trying to understand how firms discover new potential solutions to include in their 

Search Space; we expect the experience construct to pick up on firms’ prior knowledge, 

routines, and skills.  To illustrate how prior top managerial attention is distinct from 
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things that the firm has already done, we take the example of Lou Gerstner and IBM.  

After IBM suffered big losses, the board hired Gerstner as their new CEO in 1993.  

Gerstner’s legacy at IBM was to refocus and transition IBM from hardware to a service-

based firm.  Gerstner’s attention towards a service-based strategy lead to him envision 

IBM as a services company, even though this strategy did not match the firm’s existing 

experience as embodied by its organizational routines.  This example illustrates that 

Gerstner’s attention to a service-based strategy was independent from IBM’s experience 

and routines, and instrumental in changing the course of IBM’s strategic trajectory. 

Existing work integrating evolutionary processes with behavioral mechanisms 

attributes strategic outcomes to cognitive drivers such as top managerial cognition and 

attention (Eggers and Kaplan 2008; Gavetti and Levinthal 2000).  We focus on top 

managerial attention for two reasons.  First, top managerial cognition often explains 

differences in interpretation of the problem (Barr, Stimpert, and Huff 1992; Porac and 

Thomas 1990); in this study, we focus on a context in which organizations are solving the 

same problem and thus we do not expect different interpretations of the problem to drive 

differences in Search Space; although this is an assumption in our analysis, close 

examination of the renewable policy change suggests that firms have a vast amount of 

experience with regulatory changes and understand policy changes clearly.  Second, of 

the various cognitive elements at play, top managerial attention is responsible for 

decision-making that affects identification of potential solutions (Hambrick and 
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Finkelstein 1987; Hambrick and Mason 1984).  Top managerial attention is especially 

pertinent to this setting because firms are developing a new strategic area in their core 

industry where top managers’ prior attention is crucial to guiding the firm’s strategic 

direction (Cho and Hambrick 2006; Eggers and Kaplan 2008).   

Existing research linking strategy with top managerial attention has 

demonstrated top managerial attention’s impact on a variety of strategic outcomes, 

including strategic orientation (Bouquet and Birkinshaw 2008), strategic change (Cho 

and Hambrick 2006), and speed of entry into new markets (Eggers and Kaplan 2008).  

These findings suggest that firm strategy is an outcome of things that top managers have 

been attending to, which typically are things that they consider important.  By applying 

the above mechanisms to renewable electricity, one expects firms’ Search Spaces to 

reflect things that top managers consider important, and consequently, have been 

attending to.  Top managers who consider renewable electricity to be an important 

future direction for the industry are likely to be more attentive to developments in the 

renewable electricity sector – such as knowing about more potential solutions – as 

compared to top managers who do not consider renewables important.  Thus, when 

more attentive top managers face a problem related to renewable electricity, they will 

identify a greater number of potential solutions that their firm may not have used in the 

past simply because they have already been attending to new developments in the 

industry.  Because these managers believe the new industry is important, they know 
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more about renewable solutions, and are not constrained by their firms’ prior experience 

when identifying new potential solutions; they are likely to identify a larger Search 

Space as compared to less attentive managers.  Conversely, top managers who have not 

been paying attention to renewable electricity will not know about potential solutions 

that their firm has not already used, and are likely to identify a smaller Search Space. 

Attention may also be considered a resource that top managers are using while 

maximizing the cost-benefit differential with respect to identifying potential solutions.  

Top managers who have been more attentive to the renewable electricity sector should 

incur a lower marginal cost for identifying each new potential solution in their Search 

Space, simply because they have already paid attention to and are aware of potential 

solutions.  Conversely, top managers who have not been attentive to the renewable 

electricity sector are likely to incur a higher cost for identifying each new potential 

solution and are likely to identify a smaller Search Space.   

By applying the above mechanisms to our setting, we expect organizations’ 

Search Spaces to reflect things that top managers have been attending to.  Top managers 

who consider renewable electricity to be an important future direction for their firms are 

likely to have attended to the renewable electricity sector prior to identifying Search 

Space.  Thus, these top managers are able to identify a greater number of new potential 

solutions that their firms have not used in the past as compared to top managers who 

have not been paying attention to renewables.  This leads to our second hypothesis:  
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H1.2: The greater the prior top managerial attention, the greater the size of 

Search Space 

4.1.3 Experience and Size of Search Space 

Evolutionary research has focused on understanding how experience and pre-

history drive search choices (Katila and Ahuja 2002; Rosenkopf and Nerkar 2001).  By 

starting with the idea that organizations are likely to repeat routines from the past, 

especially when past routines have yielded successful outcomes, evolutionary scholars 

have put forth the idea of local search.  Identified by Nelson and Winter (1982), local 

search is “a central assumption in evolutionary theory” (Rosenkopf & Nerkar, 2001:1) 

where an organization’s current activities are closely related to its previous activities.  

Empirical studies across a range of industries including the semi-conductor industry, the 

optical disk industry, the magnetic resonance imaging industry, and the industrial 

robotics industry have demonstrated the predominance of local search in directing 

search choices (Holbrook et al. 2000; Katila and Ahuja 2002; Martin and Mitchell 1998; 

Rosenkopf and Nerkar 2001).  In our setting, we define “related prior experience” as 

prior knowledge, routines, and skills, in a technological or product area that is closely 

linked in terms of routines to potential solutions in the universe of possible solutions 

(Eisenhardt and Martin 2000).   

The idea of local search or prior experience driving search closely parallels 

March’s notion of exploitation (March 1991).  Because organizations use already-utilized 
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routines, implementation costs of exploitation and local search are lower than in those 

involving new routines.  Lower costs, when the benefits are expected to be the same for 

all potential solutions, makes local search an attractive search strategy.  For instance, 

when first developing a new product, firms may want to start with an existing product 

until they understand consumers’ needs and willingness’ to pay for new products.  

Under such conditions, entering a new market niche with an existing product – even if 

that product leads to an early exit – is good strategy if it can result in gains of valuable 

product and consumer demand knowledge (Hitsch 2006).  Along these lines, we can 

understand why firms might favor potential solutions that they have already 

implemented over new potential solutions.  

Based on the extensive body of research on local search, we expect prior 

experience with related activities to condition organizations to be prone to local search 

when they are identifying Search Space.  Additionally, the amount of related prior 

experience should push organizations to identify Search Space even more locally; 

because highly experienced organizations tend to consider themselves experts on 

potential solutions they have used successfully, they will be reluctant to consider new or 

unsuccessful potential solutions.  Thus, we expect differences in Search Space as firms 

gain more related prior experience.  This gives rise to our third and final hypothesis: 

H1.3: The greater the related prior experience, the smaller the size of Search Space 
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These hypotheses outline the logic by which uncertainty sets the stage for firms 

to identify Search Space of potential solutions, and prior top managerial attention, and 

related prior experience affect the size of Search Space.  Uncertainty about the problem 

and prior top managerial attention to the renewable sector increase the size of Search 

Space, but related prior experience reduces the size of Search Space.  More uncertainty 

leads firms to employ a hedging strategy (H1.1); more prior top managerial attention 

increases managers’ awareness of new potential solutions (H1.2), thereby increasing the 

number of potential solutions considered by the firm.  More related prior experience, 

similar to local search, leads firms to capitalize on what they have used successfully in 

the past (H1.3), decreasing the number of potential solutions considered.  Other factors 

such as firm size, performance, and location characteristics may also affect the size of 

Search Space and we control for them in the empirical analyses.  Our review of existing 

evolutionary and related literatures on strategic change informs our expectation that 

these three factors highlight the most important mechanisms that determine the size of 

Search Space. 

4.2 Measures for Study 1 

4.2.1 Dependent Variable: Size of Search Space  

Size of Search Space:  The first measure of the size of Search Space is the number 

of potential renewable electricity projects considered by each firm.  In this setting, we 

define a project as the combination of a renewable electricity technology and generation 
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method, that is, either using solar, nuclear, hydro, wind, or biomass electricity and either 

self-generating the electricity, buying it from a third party, or doing both (this 

combination gives rise to ten potential solutions).  These data were collected via a survey 

as described above and are an excellent operationalization of the conceptual definition 

of Search Space.   

Number of Renewable Trade Groups:  The second measure of the size of Search 

Space is the number of memberships into renewable electricity trade groups for each 

firm (five possible trade groups – Solar, Nuclear, Hydro, Biomass, and Wind).  Because 

memberships into trade groups cost an annual fee and reflect time and energy on the 

part of a firm to interact with stakeholders in its community and supply chain, we 

believe the decision to join and stay in a trade group reflects actions taken by a firm 

toward understanding potential renewable electricity solutions.  

4.2.2 Independent Variables 

Uncertainty: This variable is measured as the amount of time in years until the 

RPS deadline.  Although the RPS legislation stipulates which electricity technologies 

qualify as renewable, how much renewable electricity must be provided, and the 

deadline by which the renewable electricity goals must be met, there have been 

amendments to the law in 22 of 29 states.  When the deadline is further in the future, 

there is a longer period of time during which the law may be amended, and hence a 

greater amount of uncertainty in when the policy may change.  Because the policy 
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change articulates different requirements that electric utilities must meet, it essentially 

identifies four potential types of changes: (1) expanding the different possible renewable 

electricity sources; (2) changing or introducing an annual requirement; (3) extending the 

deadline; (4) introducing a quota for solar or some other renewable source.  These four 

aspects of the law give firms some sense of what parts of the law may be amended, but 

do not identify when or how the law may change.  By definition, this variable only exists 

for electric utilities facing the RPS policy change; electric utilities not facing the 

regulation are assumed to identify Search Space in the absence of uncertainty about the 

problem. 

Prior Top Managerial Attention: This variable measures the number of words 

related to renewable electricity in the annual report for the prior year for each electric 

utility.  This is a commonly used measure of top managerial attention and captures the 

conceptual definition – attention that top managers focus on the renewable electricity 

sector.  These data were collected by downloading annual reports from the SEC 

database and conducting text analysis using the program “Atlas.ti.”  We first 

downloaded annual reports for all years for all firms.  Next, we uploaded batches of files 

to “Atlas.ti,” which generated word counts for all the words in each annual report.  Next 

we counted all the words corresponding to each of five major renewable electricity 

sources: solar, biomass, nuclear, hydro, and wind.  We conducted sensitivity analyses by 
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including other terms related to the policy change, such as renewable, portfolio 

standards, and legislation, and found consistent results.   

Related Prior Experience: This variable measures the total megawatts of 

renewable electricity that each company has generated in the prior year.  This variable 

measures the cumulative expertise that each electric utility has with providing 

renewable electricity to its customers.  This variable is coded from archival information 

about the company from Platts.  With this variable, we are trying to measure the amount 

of expertise that each company has with providing renewable electricity to its 

customers.   

RPS Dummy:  This variable is coded as 1 in the years in which the state had 

passed the policy change and the years after; it is 0 in the years before the policy change 

and -1 for all years in states where the policy change was never passed.  Because this 

variable differs for each state-year, it is distinct from a time trend and a state fixed effect 

and helps tease out the effect of the policy change on firms’ Search Space.  We found 

consistent results when we coded this variable to include states with voluntary RPS 

goals, and as a 0-1 dummy variable. 

4.2.3 Control Variables 

Firms might identify a larger Search Space for a number of reasons independent 

of uncertainty, prior top managerial attention, and related prior experience.  In the panel 
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data analysis, we control for firm and year fixed effects and important time variant 

factors that may impact the size of Search Space. 

Performance:  Better-performing firms might have the means to conduct a bigger 

search.  Conversely, firms that have been successful in the past might put in less effort in 

searching for information regarding new technologies.  In either case, we control for 

each company’s net income in the prior year to limit the impact of prior performance on 

Search Space.  

Size:  Since larger firms may need to make larger financial investments to 

generate the same percentage of renewable electricity as smaller firms, it is reasonable to 

expect these firms may gather more information and identify a larger Search Space.  To 

control for any impact on Search Space, we control for the number of employees in the 

prior year for each firm.   

Renewable Electricity Requirement:  It is reasonable to expect utility firms’ 

Search Space will differ based on the amount of renewable electricity required by the 

policy change.  Hence we control for the percentage of renewable electricity required by 

each state in each year.   

Repeal Dummy: Similarly, electric utilities located in states with a history of 

regulatory change are less likely to commit resources to meeting the policy change 

(Fabrizio 2012) and are less likely to consider a larger number of potential solutions in 



 

58 

their Search Spaces.  Hence, we use a dummy variable to control for the history of 

regulatory repeal in each state. 

Percentage Democrats: One might expect states with a higher percentage of 

Democrats to be more likely to identify a larger Search Space; we control for the 

percentage of Democrats in the state legislature in each year.  

Sierra Club Membership: One might expect that states with a greater number of 

Sierra Club members to be more likely to identify a larger Search Space.  Hence, we use 

number of Sierra Club members in the state as a control.  

Average price of electricity: One might expect states with a higher average price 

of electricity are likely to have consumers willing to pay a premium for renewable 

electricity and thus be more willing to identify a larger Search Space.  Hence, we use 

average price of electricity in the state in each year as a control.  

4.3 Results for Study 1 

4.3.1 Survey Data Analysis 

We conducted two sets of analyses to test our hypotheses predicting the size of 

Search Space.  The first analysis was conducted on the cross-sectional survey data to test 

the impact of uncertainty, prior top managerial attention, and related prior experience 

on size of Search Space.  These survey data provided initial exploratory analysis prior to 

conducting analysis with the panel dataset that allows us to control for many different 

types of endogeneity and alternative explanations.  The exploratory analysis shows cross 
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tabs with main trends corresponding to the three main hypotheses for these data (full 

OLS & Negative Binomial5 results can be found in Appendix B).  The cross tab results for 

the survey data can be found in Table 7; these results are consistent with the panel data 

results.  First, Table 5 shows the descriptive statistics for the survey data.   

Table 5: Survey Data Descriptive Statistics Study 1 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Search Space 1         

Related Prior Experience -0.16 1        

Top Managerial Attention 0.05 0.21 1       

Uncertainty 0.1 -0.04 -0.06 1      

Performance 0.04 0.28 0.25 -0.12 1     

Size -0.04 -0.16 -0.28 0 0.43 1    

Renewable Requirement -0.19 0.18 -0.11 0.35 0.09 0.22 1   

Percentage of Democrats -0.17 0.06 -0.17 0.1 0.21 0.51 0.52 1  

Sierra Club Members -0.16 0.06 -0.11 0.58 0.03 0.31 0.49 0.33 1 

Mean 3.4 3 165 0.09 810.2 6.4 15.2 46.4 15775.4 

S.D. 3.7 1.6 148 0.29 632.4 7.7 9.6 8 23949.2 

Min 0 0 0 0 0.05 0 0 27.6 757 

Max 10 5 446 1 4443 23.4 33 61 125000 

4.3.2 Panel Data Analysis 

In our second empirical analysis, we tested the impact of the three main 

independent variables on the number of memberships into renewable electricity trade 

groups.  First, we examined the main effects of each of the three explanatory variables 

on Search Space; second, we observed how their impact on size of Search Space varies 

when interacted with the dummy for the renewable policy change.  We conducted these 

                                                      

5 We decided to use a Negative Binomial distribution rather than a Poisson because the data did exhibit 

patterns of over-dispersion. 
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analyses using both OLS regression for panel data and a count data model using panel-

specific Poisson regression with robust standard errors clustered by firm, time dummies, 

and appropriate control variables.  We focus on the Poisson results in the discussion 

because they are a better fit to the count data; the results are consistent with the OLS 

models and both provide support to our hypotheses.  First, Table 6 shows the 

descriptive statistics for the sample.   



 

 

Table 6: Panel Data Descriptive Statistics Study 1 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Membership in Ren. Groups 1            

Related Prior Experience 0.09 1           

Top Managerial Attention 0.28 0.02 1          

Uncertainty 0.23 0.05 0.36 1         

RPS Dummy 0.04 0.77 0.06 0.03 1        

Performance 0.20 0.10 0.08 0.33 0.07 1       

Size 0.18 0.02 0.04 0.36 0.05 0.53 1      

Renewable Requirement 0.08 0.65 0.09 0.04 0.65 0.06 0.03 1     

Repeal Dummy 0.10 0.08 0.06 0.06 0.06 0.02 0.11 0.10 1    

Percent of Democrats -0.01 0.31 0.02 0.08 0.29 0.07 0.02 0.46 0.03 1   

No. of Sierra Club Members 0.11 0.25 0.03 0.12 0.26 0.16 0.19 0.19 0.42 0.11 1  

Average Price of Electricity 0.01 0.35 0.05 0.07 0.49 0.08 0.01 0.64 0.01 0.51 0.24 1 

Mean 0.9 0 0 0 0.2 301.9 1 0.1 0.1 0.5 18715.7 8.8 

S.D. 0.9 0 0 0 0.9 4.7 1.3 0.1 0.3 0.1 27783.8 3.2 

Min 0.0 0.8 0.9 0.5 1.0 -0.3 -5 0 0 0.1 470 4.2 

Max 4.0 0.3 0.2 0.2 0 6692.8 5 0.5 0 0.9 175000 29.2 
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4.3.3 Survey Data Results 

The results of the cross-sectional survey are most simply and clearly represented 

by the cross tabs in Table 7; Negative Binomial and OLS results can be found in 

Appendix B.  The three cross tabs in Table 7 show support for the three main 

hypotheses; the number of potential solutions in Search Space varies based on 

uncertainty (H1), prior top managerial attention (H2), and related prior experience (H3).  

All three sets of cross tabs show significant (based on t-tests) differences between the 

high and low values of each variable; we estimate high and low values by splitting the 

sample along the median.  The magnitudes of the differences between high and low 

values of each explanatory variable are meaningful.  Firms facing high uncertainty 

identify an average of 4.8 renewable electricity projects while those in states with low 

uncertainty on average only identify 3.1 projects.  Firms with high prior top managerial 

attention identify 4.5 projects compared to 3.2 projects identified by firms with low prior 

top managerial attention.  Firms with high related prior experience identify only 2.2 

potential solutions while those with low related prior experience identify 4.4 projects.  

These results provide support to our hypotheses, indicating that uncertainty (H1.1) and 

prior top managerial attention (H1.2) lead to a larger Search Space, while related prior 

experience (H1.3) leads to a smaller Search Space.  The results lend support to our 
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theory of how firms identify Search Space and how each of the three independent 

variables affects the size of Search Space6. 

Table 7: Survey Data Cross Tabulation Results Study 1 

 SEARCH SPACE 

 MEAN STD. DEV NO. OBS DIFF. IN MEANS T-STAT 

LOW UNCERTAINTY 3.1 3.5 75 
1.4* 2.17 

HIGH UNCERTAINTY 4.5 4 20 

      

 SEARCH SPACE 

 MEAN STD. DEV NO. OBS DIFF. IN MEANS T-STAT 

LOW ATTENTION 3.2 3.8 67 
1.6** 5.06 

HIGH ATTENTION 4.8 3.5 23 

      

 SEARCH SPACE 

 MEAN STD. DEV NO. OBS DIFF. IN MEANS T-STAT 

LOW EXPERIENCE 4.4 3.7 52 
2.2*** 37.26 

HIGH EXPERIENCE 2.2 2.95 27 

4.3.4 Panel Data Results  

Table 8 contains the main results testing the three key hypotheses for the panel 

dataset tracking U.S. electric utilities’ memberships into renewable electricity trade 

groups from 2000-2010.  The results show both OLS and Poisson analyses using year 

dummies and robust standard errors clustered by firm.  Because we wanted to examine 

the size of Search Space as an outcome of changes within a firm over time, Table 8 

includes firm fixed effects models (models using random effects can be found in 

Appendix F; however, they are not interpreted here as the Hausman test comparing the 

                                                      

6   We also ran analyses where we clustered the models by state and found no difference in the results in 

Table 7 and Table 8.   
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coefficients obtained from the random effects and the fixed effects models showed that 

the coefficients obtained in the former are inconsistent).  The fixed-effects analysis shows 

that the results are significant and consistent with the main hypotheses.  This suggests 

that these findings support the results of the survey data analysis and hypotheses 1, 2 

and 3 in study 1 respectively.   

We start with the fixed effects models7 in Table 8; both the OLS and Poisson 

model results are consistent8; because the dependent variable is a count measure, we 

will interpret the Poisson model results.  H1 under Poisson shows that greater the 

uncertainty, that is, the greater the number of years until the RPS deadline, leads to a 

greater the number of trade group memberships for a firm over time; more specifically, 

a one year increase in the time until the deadline increases the size of Search Space by 

1.53 memberships or 53%.  This result supports H1.1 and provides further support to the 

cross-tab results from the survey data shown in Table 7.  H2 under Poisson suggests that 

a one unit increase in prior top managerial attention for a specific firm over time 

increases the size of Search Space by 1.27 membership or 27%.  Finally, H3 under 

Poisson suggests that a one unit increase in related prior experience for a firm over time 

                                                      

7 Results of the Hausman test suggest that the fixed effects models provide consistent coefficients for 

estimating the data for H1.1 (uncertainty) and H1.3 (related prior experience) models.  The test is not 

significant for H1.2 (prior top managerial attention), suggesting that either model can be used to estimate 

the relationship between attention and Search Space. 
8 We include OLS results as they provide support that the significance of the results is not driven by the 

parameterized nature of the Poisson regression; moreover, even though the assumption of normality of the 

distribution will affect the standard errors of the OLS models, it is still a linear, unbiased estimator. 
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reduces its likelihood of joining a trade group by 0.1 or roughly 10%.  The model with all 

three independent variables retains the same signs and significance with a slight 

increase in the impact of experience and a slight decrease in the impact of prior top 

managerial attention on the size of Search Space.  Because all three independent 

variables are standardized, the magnitude of the coefficients can be compared 

suggesting that uncertainty and prior top managerial attention have bigger impacts on 

the size of Search Space for changes in a specific firm over time.  In sum, these results 

indicate that firms with more time until the deadline are likely to have the most trade 

group memberships; firms with top managers that pay more attention to renewables are 

likely to be members of more trade groups; firms with more prior experience providing 

renewable electricity to their customers are less likely to be members of renewable trade 

groups. 
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Table 8: Panel Data Main Results Study 1 

DV: TOTAL 

MEMBERSHIPS 

OLS POISSON 

H1 H2 H3 ALL H1 H2 H3 ALL 

UNCERTAINTY 0.447***   0.403*** 0.426***   0.382*** 

 (0.0759)   (0.0641) (0.120)   (0.109) 

ATTENTION  0.201***  0.185***  0.236**  0.197* 

  (0.0580)  (0.0523)  (0.111)  (0.105) 

EXPERIENCE   -0.113** -0.136***   -0.0994*** -0.109*** 

   (0.0512) (0.0464)   (0.0382) (0.0317) 

PERFORMANCE 0.000100* 8.81e-05 8.76e-05* 0.000107** 6.15e-05 5.83e-05 4.15e-05 7.38e-05 

 (5.19e-05) (5.46e-05) (5.21e-05) (5.15e-05) (4.34e-05) (4.99e-05) (3.86e-05) (4.76e-05) 

SIZE -0.0517 0.0738 -0.129 -0.0845 0.127 0.170 0.0958 -0.00879 

 (0.0909) (0.0820) (0.108) (0.106) (0.202) (0.187) (0.207) (0.194) 

RENEWABLE 

REQUIREMENT 

-0.339 -0.585 0.376 -0.760 -0.595 -0.708 5.08e-05 -1.044 

(1.076) (1.270) (1.281) (1.154) (1.251) (1.404) (1.415) (1.237) 

RPS DUMMY -0.997*** 0.119 -0.107 -0.737** -0.984** 0.0943 -0.0881 -0.731* 

 (0.285) (0.289) (0.286) (0.300) (0.400) (0.319) (0.328) (0.390) 

NO. SIERRA 

CLUB MEMBERS 

-2.10e-05** -1.62e-05** -1.97e-05*** -2.76e-05*** -1.02e-05** -1.68e-06 -2.44e-06 -1.05e-05** 

(9.70e-06) (8.05e-06) (6.92e-06) (6.67e-06) (4.48e-06) (5.32e-06) (5.06e-06) (4.77e-06) 

PRICE OF 

ELECTRICITY 

-0.0523** -0.0461* -0.0660* -0.0395* -0.0618 -0.0246 -0.0448 -0.0376 

(0.0221) (0.0268) (0.0334) (0.0209) (0.0418) (0.0396) (0.0448) (0.0399) 

YEAR DUMMIES YES YES YES YES YES YES YES YES 

OBSERVATIONS 1,118 1,030 1,074 973 899 862 875 818 

R-SQUARED 0.379 0.339 0.336 0.430     

NO. COMPANIES 112 112 108 106 87 88 83 82 

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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4.3.5 Control Variables 

The control variables in Table 8 generally behave as expected.  Firm 

characteristics such as performance and size, though not always significant, suggest that 

better performing and bigger firms are more likely to be members of more renewable 

trade groups.  Given the extensive literature on search and performance which suggests 

that better performing firms are less likely to search, this result is somewhat surprising.  

One possible explanation is that while much of the research on performance based 

search suggests that firms’ search behavior reflects some aspiration, in a new industry 

firms may lack a relevant aspirations and thus performance and search may be linked in 

ways that aspiration theory does not sufficiently explain.  It is also possible that bigger 

and better performing firms simply have access to more resources to identify a larger 

Search Space9. 

For the state-level controls, we see that the larger the renewable requirement, the 

less likely firms are to be members of trade groups.  This may suggest that firms that 

need to provide more renewable electricity are spending less time learning about 

different renewable technologies and simply focusing on one or a few technologies that 

they think will provide the volume of electricity required.  Similarly, the repeal dummy 

variable which highlights history of regulatory change also suggests that firms in states 

                                                      

9 We also ran analyses including a control for the total dollar amount spent by each firm on lobbying and 

found consistent results for Table 7 & 8.  Because we do not have a theoretically driven understanding of 

how lobbying should affect Search Space, we elected to not include it in our final results. 
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with a history of regulatory change are less likely to be members of more renewable 

trade groups.  This may suggest two things: first, firms in states that can change 

regulatory outcomes feel less pressure to learn about new technologies; second, because 

of the propensity for regulatory change, firms are unwilling to do anything until they 

have some assurance of regulatory stability.  Finally, it is important to note that Sierra 

Club membership has a negative effect on Search Space suggesting that as Sierra Club 

members increase, the number of renewable electricity trade group memberships 

decreases.  This is rather odd but could simply mean that either because electric utilities 

in states with more Sierra Club members are already generating renewable electricity, or 

because there is easy access to third party renewable electricity providers, firms are less 

likely to be members of more renewable trade groups.   

The rest of the state-level controls have limited impact on Search Space.  This 

might be because we are controlling for firm fixed effects (includes the state or location 

of the firm) and year dummies in our regression; it might also be because many utility 

companies are located in multiple states, and can buy electricity across state borders 

such that state-specific demographic characteristics may not affect their Search Space.  

These results suggest that although there is an impact of state and firm characteristics on 

Search Space, the three main independent variables are still significantly important in 

explaining variation in size of Search Space. 
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4.3.6 Robustness 

Four qualitative robustness tests confirmed that when collecting the survey data, 

the concepts being measured aligned with the questions being asked.  First, the survey 

was conducted in a heavily regulated industry using language that survey respondents 

are familiar with; this was done by taking the help of EPRI (which conducts regular 

surveys with utilities companies) in designing the survey.  Second, the survey was rolled 

out incrementally to check that any problems in the pilot testing phase did not linger.  

Third, a number of one-on-one interviews were conducted in tandem with the survey to 

confirm that the concept of Search Space was being measured accurately; these 

interviews confirmed the validity of the setting, and the clarity of the questions in the 

survey.  Fourth, survey responses were tested for construct and response validity.  As a 

result of these four robustness tests, the survey received a large number of responses 

(44% response rate) with multiple respondents from each firm that has over ten 

employees (79% of the total sample).  

We carried out two sets of quantitative robustness tests for both the survey and 

panel datasets.  The first set of quantitative robustness tests are with respect to the 

methods.  For the survey data we ran Negative Binomial regressions with robust 

standard errors and found significant results which support the hypotheses; these 

results were also robust to standard errors clustered by parent company or state in 

which the firm headquarters were located (assuming that firms with the same parent or 
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headquartered in the same state may have similarities10) .  We also ran analyses 

controlling for the presence of consultants in firms and found no change in the results; in 

interviews with utility firms we were told that all firms set up internal groups first and 

then about half the firms also hired consultants, hence it is not surprising to find that the 

size of Search Space is not affected by the presence of consultants.  We chose Negative 

Binomial rather than Poisson based on over-dispersion in the data, and as confirmed by 

the significant alpha value in the Negative Binomial regression; we also analyzed the 

survey data using OLS regressions and found consistent results. 

In the analysis of the panel data, we controlled for firm and year fixed effects and 

cluster robust standard errors by firm (results are unchanged when we cluster by 

headquarter state); these specifications should strip out the impact of unchanging firm 

and year trends.  We ran models including a control for lobbying dollars spent by each 

firm in a specific year and found no difference in the results.  We conduct both OLS and 

Poisson regressions and find consistent results; for the count data analysis, we chose 

Poisson models as the data did not exhibit patterns of over-dispersion.  We also tested 

the panel data models using random effects specification to allow for across company 

variation (Appendix F); the results are consistent across for models with uncertainty and 

                                                      

10 We decided to leave the final cross sectional survey data models with robust standard errors but without 

imposing a clustering structure (clustering by parent or headquarter state) on the data. 
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prior top managerial attention, but not for experience; this suggests, as confirmed by the 

Hausman test, fixed effects is the consistent estimator for these data. 

The second set of quantitative robustness tests are with regards to the coding of 

the independent variables.  We conduct the analyses with alternate measures for the 

following variables: RPS Dummy and Renewable Requirement, which were coded to 

include the states with voluntary RPS goals; related prior experience was coded as the 

number of different types of renewable electricity the company has used in the prior 

year; prior top managerial attention was coded to include a larger set of renewable 

words; in all three cases we found consistent results.  This lends supports the idea that 

the coding is not driving the results. 

4.3.7 Sensitivity Analysis: RPS Policy Change 

The results in Tables 8 show significant and meaningful support for hypotheses 

1, 2, and 3.  However, they do not explicitly demonstrate the extent to which firms are 

identifying Search Space in response to the policy change.  Hence, we ran a sensitivity 

analysis to test how firms identify Search Space specifically in response to the policy 

change, and to understand a little about the problem solving mechanisms by which 

firms identify Search Space.  We interacted each of the three independent variables with 

the RPS dummy and regressed the interaction and independent variables on the total 

number of membership in renewable trade groups.   
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Table 9 shows the results of both OLS and Poisson analyses testing the effect of 

the three independent variables for firms facing the RPS policy change.  Because our 

sample contains three types of firms – firms before they face the policy change, firms 

after they face the policy change, and firms that never face the policy change; we can 

consider this analysis as examining differences in Search Space across firms before they 

face the policy change, the same firms after they face the policy change and firms that 

never face the policy change.  To maximize this effect, we effect coded the RPS dummy 

variable.  RPS dummy takes the value of 1 in years when the policy was passed, 0 

before, and -1 in states that never receive the policy.  Both the OLS and Poisson results 

are largely consistent; because the dependent variable is a count measure, we will focus 

on the Poisson results.   

The results for H1 & H2 under Poisson highlight two findings.  First, the main 

effect of uncertainty and prior top managerial attention for all firms is consistent with 

H1 and H2; greater uncertainty and greater prior top managerial attention lead firms to 

be members of a greater number of trade groups.  Column H1 under Poisson suggests 

that for firms facing the policy change, a one unit increase in uncertainty increases the 

firm’s Search Space by 1.53 units or 53%.  Similarly, the results under H2 also suggests 

that as prior top managerial attention towards renewables increases by one unit in the 

year prior to a firm facing the policy change, increases a firm’s likelihood of joining a 
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trade group increases by 1.22 units or roughly 22%11.  Although there does not seem to 

be a significant difference before and after firms face the policy change, and between 

firms facing the policy change and those that never face the policy change, prior top 

managerial attention has a positive impact on the size of Search Space.   

An intriguing nuance arises in H3; H3 under Poisson focuses on the impact of 

related prior experience on Search Space.  Once again, the main effect of experience is 

negative.  However, the interaction makes the net effect of experience less negative.  The 

net effect is as follows: for firms facing the policy change, a one unit increase in 

experience will affect their likelihood of joining a trade group by 0.97 units, that is, 

reduce their likelihood of joining a new trade group by 3%.  Conversely, in the years 

before the firm faces the policy change, a one unit increase in related prior experience 

will affect a firm’s likelihood of joining a trade group by 0.88 units, or reduce their 

likelihood of joining a trade group by 12%; if that firm never faces the policy change, the 

impact of increasing experience will affect the likelihood of joining a trade group by 0.80 

units or reduce likelihood of joining a trade group by 20%12.   

This suggests that the negative impact of experience on the size of Search Space 

is the smallest for firms facing the policy change.  This initially surprising result is 

                                                      

11 Interestingly, when we test the attention model using a random effects model, the coefficients are bigger 

and more significant, suggesting that when it comes to understanding the policy change, differences across 

firms’ attention are significant. 
12 We also ran combined models with all three independent variables and interactions; while the results held 

for the OLS models, there were too many interactions for the Poisson model to hold hence we elected to not 

include them in the final results. 



 

75 

important because it suggests a strategy by which experienced firms can search for new 

knowledge, and mitigate the inherent path dependence that occurs as a result of gaining 

expertise.  Upon reflection this result seems intuitive – if firms are facing a shift outside 

of their technology of comfort, and they have time before they must reach a certain level 

of competence, it seems plausible that they would take the time to learn more about new 

technologies before making expensive, long-term investments.  In the discussion section, 

we will further explore the nature of the policy change and identify important 

implications for Search Space13. 

Table 9: Panel Data Results with Policy Change Study 1 

DV: TOTAL 

MEMBERSHIPS 

OLS POISSON 

H1 H2 H3 H1 H2 H3 

UNCERTAINTY 0.402***   0.426***   

 (0.0843)   (0.120)   

ATTENTION  0.148**   0.196*  

  (0.0597)   (0.109)  

EXPERIENCE   -0.143***   -0.127*** 

   (0.0457)   (0.026) 

ATTENTION*RPS  0.150*   0.0831  

  (0.0768)   (0.129)  

EXPERIENCE*RPS   0.165**   0.094* 

   (0.0634)   (0.055) 

RPS -0.952*** -0.0210 -0.0679 -0.984*** -0.0708 -0.180 

 (0.222) (0.109) (0.109) (0.400) (0.127) (0.288) 

PERFORMANCE 8.43e-05* 7.89e-05 7.37e-05 6.15e-05 4.72e-05 3.17e-05 

 (4.98e-05) (5.01e-05) (4.53e-05) (4.34e-05) (4.76e-05) (3.60e-05) 

SIZE -0.0175 0.0814 -0.0492 0.127 0.162 0.130 

 (0.0876) (0.0776) (0.103) (0.202) (0.190) (0.204) 

                                                      

13 We also ran the analyses on about half the sample of smaller firms and found the coefficients to be larger 

and more significant.  This suggests that for firms that are potentially less prepared for the regulatory 

changes, search mechanisms are intensified. 
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YEAR DUMMIES YES YES YES YES YES YES 

OBSERVATIONS 1,171 1,083 1,127 899 862 875 

R-SQUARED 0.351 0.337 0.330    

NO COMPANIES 117 117 113 87 88 83 

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 

4.3.8 Sensitivity Analysis: Uncertainty 

We define uncertainty as a setting in which multiple of aspects of that setting 

have the potential to change, but the likelihood of change is not known.  Because of the 

history of uncertainty in the industry and the propensity of RPS regulation to change, 

our measure of uncertainty – the number of years until firms must be compliant with 

RPS requirements – captures this concept.  In order to confirm that this measure of 

uncertainty is different from a time trend, we include year fixed-effects (Column 1 in 

Table 10).   

Additionally, we were concerned that the firms with only a short amount of time 

until the deadline might behave systematically different from firms that have a long 

time horizon.  To eliminate the presence of urgency and still test for the presence of 

uncertainty, we ran the analysis on only those firms that have at least ten years until 

they must be compliant with RPS regulations.  Interviews confirm that ten years is a 

reasonable amount of time for firms to start implementing renewable electricity projects.  

The results of this analysis in Column 2, Table 10 below; we see that the effect is even 

stronger for this subset of firms.  This result suggests that even if we eliminate the firms 

that might be searching in response to urgency, the basic hypothesis about the effect of 

uncertainty on Search Space is confirmed.   
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In order to confirm that uncertainty has a positive relationship with size of 

Search Space, we conduct an additional robustness test.  In this robustness test, we use 

an alternate measure of uncertainty that is connected to the renewable electricity 

problem.  We use the RPS Dummy that tracks the presence of the RPS regulation in a 

specific firm-year as a measure of uncertainty.  Here we treat high uncertainty as firms 

that are facing the law in that year and low uncertainty for all other firms.  The result in 

Column 3 of Table 10 once again confirms that firms facing RPS regulation identify a 

larger Search Space.  This alternate measure helps demonstrate that the concept of 

uncertainty that we are trying to capture –a setting in which multiple of aspects of that 

setting have the potential to change, but the likelihood of change is not known – is in 

fact, correlated with a larger Search Space; and independent of a time trend. 

Table 10: Robustness Test  for Uncertainty Study 1  

 OLS 

DV: SEARCH SPACE (1) (2) (3) 

UNCERTAINTY 0.447*** 0.875*** 

 

 

(0.0759) (0.122) 

 ANNUAL RPS PERCENT REQUIREMENT 

  

1.561** 

   

(0.714) 

PERFORMANCE 0.000100* 0.000119** 7.82e-05 

 

(5.19e-05) (5.58e-05) (5.19e-05) 

SIZE -0.0517 0.163 -0.0149 

 

(0.0909) (0.182) (0.0907) 

RENEWABLE REQUIREMENT -0.339 -0.247 -0.153 

 

(1.076) (1.075) (1.236) 

RPS DUMMY -0.997*** 

 

-0.0434 

 

(0.285) 

 

(0.276) 

NO. SIERRA CLUB MEMBERS -2.10e-05** -1.92e-05* -6.29e-06 

 

(9.70e-06) (1.02e-05) (9.94e-06) 
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PRICE OF ELECTRCITY -0.0523** -0.0865* -0.0662** 

 

(0.0221) (0.0442) (0.0321) 

YEAR DUMMIES YES YES YES 

FIRM DUMMIES YES YES YES 

CONSTANT 1.567*** 0.123 1.239*** 

 

(0.290) (0.593) (0.313) 

NO. OF OBSERVATIONS 1,118 352 1,129 

R-SQUARED 0.379 0.362 0.309 

NO. OF COMPANIES 112 75 113 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

4.3.9 Sensitivity Analysis: Attention versus Experience 

Because the attention-based view of the firm suggests a positive relationship 

between top managerial attention and firm experience, we constructed a robustness test 

to conceptually and empirically distinguish between these two concepts in this setting.  

Conceptually, we do not expect attention and experience to be highly correlated because 

attention operates at the top managerial level while experience is embodied in firm’s 

routines.  Empirically, we have conducted a robustness test in order to demonstrate that 

top managerial attention is a cognitive characteristic that is distinct from an unobserved, 

time-variant, firm-level characteristic that is either the same or highly correlated with 

experience.  We believe that big events at the firm, such as major restructuring activities 

like acquisitions, should draw upon top managers’ attention, but not draw upon 

organizational routines from an unrelated area.  For firms that are planning a 

restructuring activity, we expect a significant drop in top managerial attention towards 

renewables in years in which they are “distracted,” but no change to experience.  Table 

10 shows the results of the robustness test; we regressed the top managerial attention to 
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renewables in year t-1 on the current total value of acquisitions in year t.  We see that 

there is significantly lesser attention to renewables if an acquisition is being planned; 

there is no impact of prior experience on the current total value of acquisitions.  These 

results suggest two things.  First, our measure of top managerial attention is capturing a 

cognitive construct that is limited in capacity – if the firm is planning a new acquisition – 

top managers’ attention to other new areas, such as renewable electricity, is reduced.  

Second, top managerial attention and experience seem to operate at different levels; 

although attention to renewables suffers when managers are preoccupied with planning 

a new acquisition, related experience embodied in the routines of the firm does not seem 

to be affected.  These empirical results are consistent with the conceptual definitions of 

top managerial attention and related prior experience. 

Table 11: Robustness Test for Prior Top Managerial Attention Study 1 

 OLS 

DV: VALUE OF ACQUISITION (1) (2) 

ATTENTION (t-1) -0.119*  

 (0.0696)  

EXPERIENCE (t-1)  -0.0505 

  (0.0851) 

LOG ASSETS 0.623** 0.584** 

 (0.270) (0.228) 

FIRM DUMMIES YES YES 

YEAR DUMMIES YES YES 

STATE DUMMIES YES YES 

CONSTANT -4.930** -4.604** 

 (2.253) (1.854) 

NO. OF OBSERVATIONS 1,157 1,214 

R-SQUARED 0.049 0.044 

NO. OF COMPANIES 126 122 



 

80 

Robust standard errors clustered by firm in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

4.3.10 Potential Endogeneity 

This work seeks to address several forms of bias including potential endogeneity 

between Search Space and the three main independent variables – uncertainty, prior top 

managerial attention, and related prior experience.  Biases may arise at the firm-level 

because firms are choosing to identify potential solutions for reasons other than the 

policy change, and at the state-level because of unobserved events that are independent 

of the policy change.  We addressed this problem by running models with relevant 

control variables for factors which may change over time such as firm size and 

performance, state Sierra Club, and Democratic Party membership, which may affect the 

extent to which firms search for renewables, as well as year and firm fixed effects with 

robust standard errors clustered by firm.  These controls should strip out the impact of 

important time-variant variables as well as unchanging firm (including location specific 

characteristics) and year effects on Search Space.  Additionally, by incorporating a policy 

change between the measurement of the lagged independent and dependent variables, 

this research design reduces the risk of reverse causality.   

We also conducted two robustness tests to better identify the concept of Search 

Space.  First, we tested a model where we interacted the policy change dummy variable 

with the independent variables, thereby examining differences in Search Space based 

only on the policy change; this test further identified how the three main independent 



 

81 

variables affect the size of Search Space.  Second, we conducted a robustness test to 

differentiate between prior top managerial attention and related prior experience.  The 

test demonstrates a negative and significant correlation between prior top managerial 

attention to renewables in prior year t-1, and the presence of an acquisition in present 

year t.  This suggests that a firm’s top managers’ attention to renewables is reduced 

when the firm is planning big events, such as new acquisitions.  This test is designed to 

show that top managerial attention operates at the managerial level and is affected by 

big events at the firm; firm experience, embedded in the organizations routines, is not. 

4.4 Discussion for Study 1 

Evolutionary scholars have long been interested in understanding how firms’ 

search choices can generate long-term performance improvements (King and Tucci 2002; 

Helfat and Lieberman 2002).  By implicitly assuming a homogenous Search Space, 

scholars have focused on identifying differences in search processes, such as local and 

distant search, as drivers of firm performance (Helfat 1994; Katila and Ahuja 2002; Stuart 

and Podolny 1996).  These findings about the differential impact of search choices on 

firm performance have inspired a body of research aimed at understanding the 

conditions under which local and distant search are beneficial for firm performance.  

Yet, despite the importance of organizational search, and the volume of research on 

search choices, few studies have explicitly articulated or empirically tested differences in 

how firms identify different Search Spaces.   
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Our research makes two important contributions.  First, by explicitly defining 

Search Space and demonstrating differences in Search Spaces across firms in the same 

setting facing the same problem, this paper makes a novel contribution to evolutionary 

economics.  The results suggest that firms start searching by considering different sets of 

potential solutions that are then likely to affect later search activities.  For instance, based 

on the potential solutions in their Search Space, firms may decide next whether to 

choose a local or distant solution.  Second, this research also operationalizes important 

concepts including Search Space, uncertainty, and related prior experience, which follow 

directly from Nelson and Winter (1982) and Jacobides and Winter (2005, 2012), and can 

be applied in empirical settings to test evolutionary theories at the organizational level.  

The first focal proposition suggests that uncertainty about the problem being 

solved is likely to force firms to identify a larger Search Space.  This is consistent with 

existing research on parallel search processes and research on regulatory uncertainty, 

which would suggest that under uncertainty, firms are likely to employ a hedging 

strategy (Fabrizio, 2012).  Because uncertainty only exists for firms in states that face the 

policy change, we cannot compare differences in uncertainty between firms that face the 

policy change and those that do not.  However, this does raise implications for the state 

governments on how they may want to structure policies for change.  If policy makers 

want to push firms to explore multiple technologies, some uncertainty in the policy may 

allow – even experienced firms – to develop new solutions that would be good for 
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innovation within the industry.  More research is needed to understand which aspects of 

the policy are most effective in pushing firms to expand their Search Spaces.  

Prior top managerial attention also has a positive impact on the size of Search 

Space.  Top managers who pay more attention to the renewable sector likely do so 

because they consider renewables to be an important future direction for the industry; 

consequently, these top managers’ firms will also gather more information about 

renewables and thus will identify bigger Search Spaces.  This main result is consistent 

with the focal proposition and existing research on top managerial attention (Eggers & 

Kaplan, 2009), and further extends the existing research by showing that attention has an 

independent effect from experience on the size of Search Space.  More research is 

necessary to understand exact mechanisms by which managerial attention affects firms’ 

Search Spaces.  This result provides additional support to the belief that top managers 

play an important role in deciding what is important and pushing their firms to access 

new knowledge; in turn, this choice to access new knowledge may have long-term 

benefits when firms face policy changes.  In future work, we would like to link top 

managerial attention to firm performance to see how prior top managerial attention to 

developments in a new sector affect future firm performance and other important search 

outcomes.  In general, the link between cognitive and evolutionary mechanisms, such as 

top managerial attention and search processes, has not been sufficiently explored; this 
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paper takes a step toward understanding how these two important aspects of firm 

behavior affect search or problem solving.  

The third and final set of results both supports proposals by scholars linking 

local search with search outcomes, and adds to this body of research.  First, we see that 

even when identifying Search Space in a new area, firms have an overwhelming 

tendency toward local search.  In general, when firms possess related prior experience in 

the form of related routines, they are less likely to seek new knowledge such as joining 

new renewable trade groups.  Second, this tendency toward local search is constrained 

when firms are solving a cogent problem that is outside their realm of expertise.  

Existing research on RPS policy suggests that policy changes are determined by policy 

makers in conjunction with the needs of local utilities; perhaps we should perceive RPS 

change not as a problem, but instead as an opportunity for firms to build renewable 

assets (Fremeth and Marcus 2011; Lyon and Yin 2010).  This may mean that one way in 

which firms can add to their knowledge base is by searching for solutions to address a 

new opportunity, even if they are currently do not need to identify new opportunities.  

For policy makers, these results suggest one strategy by which firms can be pushed to 

innovate outside their areas of expertise: negotiate with firms and design a policy that 

provides firms with opportunities that they want in order to push innovation and the 

development of new technology.  In future work, we would like to test the impact of 
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different types of problems and opportunities, including different types of policy 

changes on Search Space.   
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5. Study 2: Effect of Uncertainty of Attention 

In study 1 we demonstrate the significant effect that top managerial attention can 

have on the number of items firms identify in their Search Space.  A persistent concern 

in study 1 was in identifying the origins of high or low attention towards particular 

issues; some firms and their top managers are predisposed towards paying more 

attention to certain types of issues.  We start to disentangle this issue by focusing on the 

role of one important trigger to attention – uncertainty.  Although our research design 

does not allow us to identify the origins of attention, we are at least able to identify the 

role of an important trigger to changes in attention by studying the effect of a switch in 

uncertainty on changing top managers’ attention towards an important new strategic 

area.  We draw from the attention based view of the firm and base our model of 

managerial decision-making on the belief that attention can drive organizational actions 

(Ocasio 2011; Ocasio 1997; Eggers and Kaplan 2008; Gavetti and Tripsas 2000).  In 

particular, we believe that selective attention, or the attention that top managers’ 

discretionarily allocate to important issues, has the power to direct organizational 

actions.   

We focus on uncertainty because it is an important environmental factor that is 

present in many managerial decisions.  Because under high uncertainty prior indicators 

of organizational success are less applicable (Podolny 1994; Carpenter and Fredrickson 

2001), firms are likely to rely more heavily on top managers’ attention to important 
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strategic issues when deciding on a course of action.  We use the same definition of 

uncertainty as in study 1: a setting in which multiple of aspects of that setting have the 

potential to change, but the likelihood of change is not known (Knight 1921).  We expect 

high uncertainty to affect two behaviors: first, how top managers’ selective attention is 

managed towards the uncertain strategic area; second, how top managers’ located in 

different parts of a firm’s corporate structure: namely headquarter units and subsidiary 

units, differ in allocating selective attention towards the uncertain strategic area.   

Uncertainty has been shown to be an important trigger to a variety of managerial 

actions and behaviors (Duncan 1972; Galbraith 1974).  By affecting the context in which 

top managers make decisions, uncertainty can affect what, how, and when managers 

allocate attention to a specific event, problem, or issue.  Understanding the effect of 

uncertainty on attention will give us a clearer understanding how top managers 

interpret uncertainty and how headquarter and subsidiary top managers differ in their 

interpretations to changes in the environment.  Headquarters top managers are the top 

managers such as CEO and CFO and Board of Directors for the whole firm.  Subsidiary 

top managers are the CEO and CFO of the subsidiary units.  Subsidiary units are 

typically owned at least 50% by a parent company, but are independent legal entities. 

Research exploring the determinants of managerial actions goes back to Simon  

(1947) who identified the structuring of attention as a crucial concept for research on 

organizations.  Much research has built upon Simon’s seminal work by exploring the 
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impact of organizational factors on managerial actions (March and Olsen 1976; Ocasio 

and Joseph 2005; Eggers and Kaplan 2008; March and Simon 1958).  However, the effect 

of uncertainty (a fundamental element in many managerial decisions) on top managerial 

attention is still not clearly understood.   

In general, we expect top managers to engage in uncertainty avoidance and focus 

on issues that are less likely to change (Hofstede, Hofstede, and Minkov 1991).  

However, top managers of large firms must often make important decisions – such as 

decisions about resource allocation, and new product development – in the presence of 

substantial uncertainty.  We hope to contribute to the growing literature on top 

managerial attention by understanding these types of phenomena where top managers, 

in the presence of uncertainty, must decide which new issues, events, and strategic areas 

are important.   

We first explore the effect of uncertainty on changes in top managerial attention 

to a new strategic area – renewable electricity.  Next, we see if these changes in attention 

vary based on the type of top manager in the corporation by comparing headquarters 

top managers to subsidiary top managers.  For the first test, we have three types of 

firms: those that are always facing high uncertainty, those that experience a switch from 

low to high uncertainty, and those that are in an indeterminate type of uncertainty.  We 

expect that firms that are always experiencing high uncertainty and those that 

experience the switch to change their attention in response because of the presence of 
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uncertainty, we expect no significant changes in attention for firms experiencing low or 

indeterminate uncertainty. 

In general, there is very little research exploring changes in cognitive behaviors 

including changes attention, and how changes are triggered.  This is an especially 

pertinent area of research for strategy because it highlights how an organization’s core 

decision-makers interpret complexity in their environment and develop new strategies.  

In our theoretical framework, we define uncertainty as a setting in which multiple 

aspects of the specific setting may change over time, but the likelihood of change is 

unknown.  In an attempt to mitigate uncertainty, managers may identify a number of 

potential scenarios to match a future setting but will be unable to assign probabilities to 

the scenarios.  This perception of uncertainty aligns most closely with the idea of 

Knightian Uncertainty, i.e., the possibility of a situation changing, but not knowing the 

likelihood of change (Knight 1921).  In our empirical setting, a new policy change forces 

managers to face uncertainty for two reasons: first, the policy change is highly likely to 

change over time since every new state government votes on amendments to the policy 

change; this is evidenced by the fact that the policy change has been amended in 22 of 

the 29 states that first adopted the change; second, the policy change specifies 

requirements that firms must meet, but does not define how firms must meet those 

requirements, creating a number of different scenarios for firms to consider.  These two 

features of the policy change create uncertainty in our empirical setting (Fabrizio 2012).   
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Another potential trigger to changes in attention is ambiguity.  Because in our 

setting there is no ambiguity about the problem posed by the policy change, we do not 

address its presence in our conceptual model.  Ambiguity arises when there are multiple 

interpretations of the same statement (March and Olsen 1976); because the policy change 

is exceptionally precise, we believe the changes anticipated by firms are closer to the 

conceptual definition of Knightian uncertainty – where top managers can imagine 

multiple states of the world because they know what factors might change, but they 

cannot assign a probability distribution to the likelihood of change – rather than 

ambiguity (Knight 1921).  If ambiguity were to exist, firms facing the exact same policy 

change would interpret the statement of the policy change differently (March and Olsen 

1976); however, we believe that the policy change is unlikely to be subject to multiple 

interpretations because the language is very specific, and the change occurs in a highly 

regulated industry where firms have a great deal of institutional knowledge about the 

meaning of policies.  Instead, because of the flexibility in how firms could meet the 

policy change requirements, and the policy’s propensity for change, we believe the 

strongest driver to changes in top managers’ attention is uncertainty about the policy 

change.  We expect this uncertainty to affect how top managers attend to different 

aspects of the policy change and how managers modulate their attention to renewables 

(Kang 2009). 
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Combining what we know about the context with our goal to better understand 

how uncertainty drives changes in attention, we believe that the theoretical framework 

below outlines the main relationships of interest.  In our framework, top managers from 

headquarter units moderate the relationship between high uncertainty and changes in 

attention.  By allowing us to examine differential responses to uncertainty by different 

kinds of managers we are able to develop a more nuanced understanding of the impact 

of uncertainty on attention.   

 

Figure 3: Descriptive Model Study 2 

Table 12: Concepts Table Study 2 

No. Concept Definition Operationalization 

1. Uncertainty A setting in which multiple 

aspects of that setting have 

the potential to change, but 

the likelihood of change is not 

known 

Dummy variable measuring presence 

of uncertainty in states facing the 

policy change (1);  no uncertainty in 

states not facing the policy change 

(0); a special case for states that never 

face the regulation (-1) 

2. Change in 

Attention 

Changes in top managers' 

focus towards a specific 

strategic area 

Difference in count of renewable 

electricity words in annual report 

from this year and the next year 

3. Headquarters 

Top Manager 

Headquarters top managers 

are the top managers such as 

CEO and CFO and Board of 

Directors for the whole firm.   

Dummy variable distinguishing 

between headquarter (1) and 

subsidiary units (0) 
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4. Subsidiary 

Top Manager 

Subsidiary top managers are 

the CEO and CFO of the 

subsidiary units.  Subsidiary 

units are typically owned at 

least 50% by parent company, 

but are independent legal 

entities. 

Dummy variable distinguishing 

between headquarter (1) and 

subsidiary units (0) 

5.1 Hypotheses for Study 2 

In order to understand how the three important elements in our theoretical 

framework: 1.uncertainty, 2. headquarters and subsidiary top managers, 3.changes in 

attention interact, we build hypotheses about the main effect of uncertainty on changes 

in attention, as well as contingency hypotheses based on interactions different types of 

top managers.  When thinking about a single unit firm, the top managers are by default 

headquarters top managers and the analysis treats them as such.  For multi-unit firms 

we distinguish between top managers at the headquarters as having different incentives 

in responding to uncertainty from top managers at the subsidiary unit. 

First, we start with the main effect of uncertainty on changes in attention; we are 

interested in understanding how top managers increase or decrease their attention to 

renewable electricity either when they experience a switch from low to high uncertainty 

or for those managers who always in a state of high uncertainty.  Because all firms in our 

sample are independent legal entities, we believe all top managers have some incentive 

to attend to developments in new strategic areas such as renewable electricity.  As a 

result, top managers’ choices to increase or decrease attention to renewable electricity in 
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the presence of a renewable policy change, highlights different interpretations of 

uncertainty. 

5.1.1 Uncertainty and Changes in Attention 

Because attention allocation mechanisms are being decided by top managers 

making decisions, we can draw upon the research which examines decision-making 

under uncertainty (Duncan 1972; Hofstede, Hofstede, and Minkov 1991; Galbraith 1974).  

The gist of the research examining decision-making under uncertainty suggests that top 

managers should be averse to uncertainty and avoid situations that have a high amount 

of uncertainty associated with them (Hofstede, Hofstede, and Minkov 1991; Knight 

1921).  In general, top managers may elect to not attend to issues fraught with 

uncertainty at all; this outcome would be consistent with the mechanism of selective 

attention allocation (Ocasio and Joseph 2005) where managers make discretionary 

choices about what to and what not to attend to.  In our setting, we expect firms facing 

the renewable policy change, i.e., high uncertainty – either as a switch from a state of 

low uncertainty, or being in a state with high uncertainty throughout the time of study, 

to avoid dealing with renewable electricity.  This logic is in line with the uncertainty 

avoidance mechanism that has often been studied at the individual level; this effect 

should manifest as a reduction in top managers’ (either headquarter or subsidiary) 

attention to renewables over time.  On average, if a top manager wants to avoid 

addressing an issue, they may at the start pay attention to a new issue as per habit, but 
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then continually significantly reduce their attention to the issue as long as uncertainty is 

high.  This logic about uncertainty avoidance outlines the logic for the first hypothesis 

below: 

H2.1a: In high uncertainty (either as a switch or as a constant state), top 

managers will experience significant negative changes in attention to the specific 

strategic area 

H2.1b: In low or indeterminate uncertainty, top managers will experience no 

significant changes in attention to the specific strategic area 

5.1.2 Headquarters and Subsidiary Top Managers and Changes in 
Attention 

The hypothesis above addresses the main effect of uncertainty on changes in 

attention, independent of the top manager in question.  In reality, it is reasonable to 

expect top managers located in headquarters versus subsidiaries to interpret uncertainty 

differently.  First, let us start by identifying basic differences between top managers at 

headquarter and subsidiary units.  Research has shown that top managers of 

headquarters units, because they have jurisdiction of multiple units, tend to consider 

interdependence and coordination between different units (Gupta, Govindarajan, and 

Wang 2008; Ocasio and Joseph 2005).  As a result, we believe headquarters top 

managers, as compared to subsidiaries top managers, are more likely to make complex 

decisions, accounting for interdependence between units.  Over time, we should observe 

headquarters top managers responding to this complexity by reducing attention to a 
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focal issue in favor of issues related to the focal problem that arise because of 

coordination and interdependence.  For instance, when developing a new product in 

multi-product firm, top managers may at the start attend only to new product 

development.  Over time, as the headquarters top managers know more about product 

development, they may reduce their attention to the product development and increase 

attention to identifying synergies or cost cutting strategies between the new and existing 

products.  Coordination and synergies might not be as relevant when the firm does not 

fully understand the product, but over time should occupy more of headquarters top 

managers’ attention.  Because headquarters top managers are required to develop 

strategies which benefit the whole firm, when responding to changes in one area, they 

still need to consider the focal area’s impact on other areas in the firm.  Hence, once 

headquarters top managers have attended to an issue, on average, we expect them to 

move on to other related issues, by default, reducing their attention to that specific issue 

over time.  These mechanisms suggest the following hypothesis: 

H2.2a: Headquarters top managers will experience significant negative changes 

in attention to a specific strategic area over time  

H2.2b: Subsidiary top managers will experience no significant changes in 

attention to a specific strategic area over time  
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5.1.3 Combined Effect of Uncertainty and Headquarter Top Managers 
on Changes in Attention 

Although top managers might be predisposed to reduce their attention to 

uncertain issues over time, we might expect different types of top managers – 

headquarters versus subsidiary, to interpret uncertainty differently.  In our setting the 

most relevant uncertainty is regulatory uncertainty that comes from a policy change that 

firms must address.  Because headquarters top managers of large public firms must 

respond to the expectations of analysts, employees, and boards, they have limited room 

to avoid uncertainty entirely; they must come up with a plan to respond to the policy 

change.  One way in which they may attempt to come up with a plan to deal with 

uncertainty is to consider many different states of the world in the form of a “hedging 

strategy.”  Essentially, headquarters top managers may attend to a broader range of 

potential solutions to the issue or event being evaluated, in order to be better prepared 

for future changes (Kang 2009).  This logic is consistent with findings with the logic 

underlying real-options analysis and organizational level studies of decision-making 

under uncertainty.  As uncertainty increases, top managers will be forced to consider 

more states of the world and we should see a positive change in attention to renewable 

electricity as they are considering a larger range of potential states of the universe – 

including states to account for interdependence and coordination between different 

types of changes.  For instance, in our exploratory interviews, we saw some firms 

considering the development of entirely new renewable projects, but the vast majority of 
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firms were considering a mix of old and new projects.  More specifically, firms were 

considering ways in which they could add to an existing project to meet renewable 

requirements.  Their goal was to meet the requirement by doing some new construction, 

but also taking advantage of their already existing projects.  Thus, in responding to 

regulatory uncertainty, we expect headquarters top managers to account for many 

different possible solutions and increase their attention to renewable electricity when 

facing uncertainty.  This leads to the final hypotheses about attention allocation in the 

presence of uncertainty. 

H2.3a: Headquarters top managers will experience significant positive changes 

in attention to a specific strategic area over time when uncertainty is high 

H2.3b: Subsidiary top managers will experience no significant changes in 

attention to a specific strategic area over time when uncertainty is high 

5.2 Measures for Study 2 

5.2.1 Dependent Variable: Changes in Attention 

Changes in Renewable Attention: This variable measures percentage changes in 

attention to renewable electricity from year t to year t+1.  The variable is constructed by 

subtracting the number of words related to renewable electricity in the annual report for 

year t from the same for year t+1 and dividing by the total number of words in year t.  

This is a commonly used measure of top managerial attention and captures the 

conceptual definition – attention that top managers focus on the renewable electricity 
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sector.  We choose to use this measure of attention because we wanted a measure that 

could capture firm specific changes over time.  Because some firms intrinsically pay 

more attention to certain types of issues, we chose a measure that would focus only on 

firms’ interpretations of uncertainty, bereft of their intrinsic preferences.  Thus, this 

measure allows us to track changes, that are a response to uncertainty and that can be 

measured specifically for each firm. 

These data were collected by downloading annual reports from the SEC database 

and conducting text analysis using the program “Atlas.ti.”  We first downloaded annual 

reports for all years for all firms.  Next, we uploaded batches of files to “Atlas.ti,” which 

generated word counts for all the words in each annual report.  Next we counted all the 

words corresponding to each of five major renewable electricity sources: solar, biomass, 

geothermal, hydro, and wind to create the measure for each year.  We conducted 

sensitivity analyses by including other terms related to the policy change, such as 

renewable, portfolio standards, and legislation, and found consistent results.   

Changes in Non-Renewable Attention: As part of our sensitivity analysis, we 

were interested in understanding patterns in changes in attention to non-renewable 

electricity in order to test the mechanism by which headquarters managers allocate 

attention.  This variable measures percentage changes in attention to renewable 

electricity from year t to year t+1.  The variable is constructed by subtracting the number 

of words related to non-renewable electricity in the annual report for year t from the 
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same for year t+1 and dividing by the total number of words in year t.  This is a 

commonly used measure of top managerial attention and captures the conceptual 

definition – attention that top managers focus on the non-renewable electricity sector.   

These data were collected by downloading annual reports from the SEC database 

and conducting text analysis using the program “Atlas.ti.”  We first downloaded annual 

reports for all years for all firms.  Next, we uploaded batches of files to “Atlas.ti,” which 

generated word counts for all the words in each annual report.  Next we counted all the 

words corresponding to each of six major non-renewable electricity sources: coal, oil, 

natural gas, gasoline, fossil fuels, and petroleum, to create the measure for each year.    

5.2.2 Independent Variables 

Uncertainty: This variable captures the amount of uncertainty that a top 

manager of a firm perceives with regarding to renewable electricity.  This variable is a 

dummy variable that is coded as 1 in the years in which the state had passed the policy 

change and the years after; 0 in the years before the policy change and -1 for all years in 

states where the policy change was never passed.  Although the policy change stipulates 

which electricity sources qualify as renewable, how much renewable electricity must be 

provided, and the deadline by which the renewable electricity goals must be met, there 

have been amendments to the law in 22 of the 29 states that have adopted the low, and 

there is a great deal of flexibility in how an individual firm can meet the requirements, 

creating a great deal of uncertainty.  Because this variable differs for each state-year, it is 
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distinct from a time trend and a state fixed effect and helps tease out the effect of the 

policy change on firms’ Search Space.  We found consistent results when we coded this 

variable to include the 8 states with voluntary renewable goals, and as a 0-1 dummy 

variable where states that never get the policy change are also coded as 0. 

Headquarters and Subsidiary Top Managers: This variable measures the 

whether the top managers of a specific firm in year t are headquarters or subsidiary top 

managers.  The variable is a dummy variable that is constructed by coding all firms that 

have headquarter top managers as 1 and all firms that have subsidiary top managers as 

0.  This measure allows us to clearly distinguish between top managers only attending to 

on unitary organization and those coordinating interdependencies across multiple units. 

5.2.3 Control Variables 

Firms might change their attention towards renewable electricity for a number of 

reasons independent of uncertainty or their location in the corporate structure.  In the 

panel data analysis, we control for firm and year fixed effects and important time 

variant factors that may impact changes in attention. 

Performance:  Better performing firms might have different incentives and 

resources to moderate their attention to new and uncertain strategic areas than poorly 

performing firms.  We control for the effect of differences in firm performance on 

attention. 
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Size:  Larger firms may need to be more sensitive to changes in the environment 

because they take longer to adapt.  Hence we control for the effect of size on changes in 

attention. 

Lobbying:  Firms might be less sensitive to changes in their environment if they 

are paying lobbyists to be aware and influence regulation.  Hence we control for the 

total dollar amount spent by each firm in each year on lobbying. 

Experience:  Firms with more experience providing renewable electricity might 

be less likely to change their attention towards renewables when facing the policy 

change.  Hence we control for the total amount of renewable electricity generated in the 

prior year.  

Age:  One might expect older firms to be less attentive to changes in their 

environment.  Hence we control for the age of the firm.  

5.2.4 Methods 

In our empirical analysis, we tested the impact of the two main independent 

variables, and their interaction on firm-specific changes in attention to renewable 

electricity over time.  First, we examined the main effects of each of the explanatory 

variables on changes in attention; next we observed how their impact on changes in 

attention varies when interacted.  We conducted these analyses using a fixed-effects OLS 

regression for panel data with robust standard errors clustered by firm, and time 

dummies.  We chose this model because our main model of interest includes an 
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interaction term and the OLS fixed-effects model is easiest to interpret.  First, the table 

below shows the descriptive statistics for the sample.



 

 

Table 13: Panel Data Descriptive Statistics Study 2 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Renewable Change 1 

          Conventional Change 0.13 1 

         Regulatory Change -0.01 -0.06 1 

        Total Word Changes 0.41 0.96 -0.08 1 

       Uncertainty 0 -0.04 -0.03 -0.05 1 

      Hq. Top Manager -0.12 0.05 0.06 0 0.07 1 

     Experience 0.15 -0.03 -0.02 0.01 0.03 -0.09 1 

    Size 0.09 0.02 -0.02 0.04 0.09 0.02 0.46 1 

   Age -0.1 0.02 -0.04 0 0.02 -0.01 -0.1 0.08 1 

  Profits 0.08 0.01 -0.02 0.03 0.07 0.02 0.33 0.74 0.01 1 

 Lobbying 0.04 -0.09 -0.02 -0.08 -0.06 -0.15 0.17 0.23 -0.01 0.16 1 

Mean 0.01 0.00 0.22 0.00 0.16 0.34 1590.68 10545.59 72.37 301.30 1320000 

S.D. 1.30 1.28 2.77 1.22 0.85 0.47 3279.06 14028.10 46.03 595.51 2610000 

Min -6.51 -5.95 -1 -5.08 -1 0 0 82.25 0 -3464.28 0 

Max 6.17 5.94 79 4.64 1 1 21871 75095.58 194 6692.83 45500000 
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5.3 Results for Study 2 

5.3.1 Main Results 

The next table contains results testing the main hypotheses for the panel dataset 

tracking changes in U.S. electric utilities’ attention to renewable electricity from 2000-

2010.  The results show fixed-effect OLS models using year dummies and robust 

standard errors clustered by firm.  The fixed-effects analysis shows that the results are 

significant and consistent with the main hypotheses.  This suggests that these findings 

support the hypotheses.   

We start with the fixed effects models in columns 1 and 2 in the table below.  

Column 1 shows that on average, top managers of both headquarters and subsidiaries 

reduce their attention to renewable electricity when uncertainty is high.  More 

specifically, top managers reduce their attention to renewable electricity after the law 

has been passed by 0.27 units per year.  This result supports H2.1a and suggests that 

over time top managers avoid high uncertainty issues and reduce their attention to 

renewables over time.  Column 2 demonstrates that it is only headquarters top managers 

that significantly reduce their attention to renewables over time; on average 

headquarters top managers reduce their attention to renewables by 1.13 units per year.  

Column 3 shows that including both uncertainty and corporate structure does not 

change the main effect of the variables on changes in attention. 
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Finally, although on average headquarters managers reduce their attention to 

renewables, column 4 suggests that headquarters managers facing high uncertainty 

because of the renewable policy change actually increase their attention to renewables 

over time.  On average, headquarters top managers pay 0.53 more units of attention to 

renewable electricity after the policy change.  Although the net effect of the independent 

variables on changes in attention is still negative, headquarters top managers facing the 

policy change engage in less-negative changes in their attention to renewables.  These 

results support the hypotheses and suggest that headquarters and subsidiary top 

managers interpret uncertainty differently by changing their attention to renewables or 

high uncertainty differentially.   

Table 14: Panel Data Main Results Study 2 

DV: Changes in Renewable Attention (1) (2) (3) (4) 

UNCERTAINTY -0.275* 

 

-0.262* -0.438** 

 

(0.151) 

 

(0.150) (0.170) 

HQ TOP MANAGER  -1.130*** -1.048*** -0.851*** 

 

 (0.253) (0.275) (0.115) 

UNCERTAINTY*HQ  

  

0.534** 

 

 

  

(0.237) 

TOTAL EXPERIENCE 6.05e-06 2.87e-06 6.05e-06 7.49e-06 

 

(2.05e-05) (2.09e-05) (2.05e-05) (2.12e-05) 

SIZE 2.99e-06 2.46e-06 3.10e-06 1.98e-06 

 

(1.41e-05) (1.47e-05) (1.41e-05) (1.40e-05) 

AGE 0.00457 0.00432 0.00454 0.00507 

 

(0.0144) (0.0149) (0.0144) (0.0151) 

PROFITS 0.000203*** 0.000207*** 0.000203*** 0.000194*** 

 

(5.18e-05) (5.21e-05) (5.19e-05) (5.37e-05) 

LOBBYING -1.70e-08 -1.49e-08 -1.67e-08 -1.29e-08 

 

(1.64e-08) (1.65e-08) (1.63e-08) (1.66e-08) 

YEAR DUMMIES YES YES YES YES 
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FIRM FIXED EFFECTS YES YES YES YES 

Constant -0.486 -0.0895 -0.147 -0.247 

 

(0.969) (1.009) (0.978) (1.015) 

Observations 1,043 1,057 1,043 1,043 

R-squared 0.021 0.019 0.023 0.029 

Number of companies 117 120 117 117 

Robust standard errors in parentheses clustered by firm; *** p<0.01, ** p<0.05, * p<0.1 

5.3.2 Sensitivity Analyses: Changes in Attention to Non-Renewable 
Electricity  

 We conducted a sensitivity analysis to test the mechanism by which 

headquarters top managers allocate attention.  We argue that headquarter top managers 

differ from subsidiary top managers because they must attend to coordination and 

interdependence of issues across multiple units of the firm.  If this were true, we should 

also see changes in attention in areas related to renewable electricity by headquarters top 

managers as there are likely interdependencies across related strategic areas.  Thus, we 

expect to see changes in attention to non-renewable electricity by headquarter top 

managers, but not by subsidiary top managers, given that the latter do not attend to 

coordination issues.  The table below contains the sensitivity analyses where we 

examine the relationship between headquarter and subsidiary top managers and 

changes in non-renewable attention in the presence of uncertainty. 

 Column 1 in Table 13 shows that headquarters top managers reduce their 

attention to non-renewable electricity over time.  Columns 2 and 3 suggest that there is 

no significant main effect of uncertainty on changes to non-renewable or conventional 

attention.  However, when we examine column 4, we see that headquarters top 
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managers who are facing uncertainty because of their renewable policy change also 

increase their attention to non-renewable electricity.  This result suggest that the 

headquarters top managers facing the policy change experience a net positive change in 

their attention to non-renewables, and attend to interdependence and coordination 

issues, even in the presence of uncertainty.  On the other hand, top managers of 

subsidiary units do not experience any change – positive or negative towards non-

renewable electricity.  This provides some support for the mechanism we suggest – top 

managers of headquarters units change their attention over time by reducing attention 

to already attended issues and increasing attention to uncertain and uncertainty-related 

issues.  Subsidiary top managers, however, lack the broad perspective of headquarters 

top managers and simply avoid attending to issues fraught with uncertainty. 

Table 15: Robustness Test Study 2 

DV: Changes in Non-Renewable Attention (1) (2) (3) (4) 

UNCERTAINTY 

 

0.186 0.191 0.0808 

  

(0.143) (0.144) (0.163) 

HQ TOP MANAGER -0.565*** 

 

-0.628*** -0.272 

 

(0.0939) 

 

(0.117) (0.244) 

UNCERTAINTY*HQ 

   

0.355* 

    

(0.197) 

TOTAL EXPERIENCE 5.54e-06 3.36e-06 3.51e-06 4.11e-06 

 

(2.11e-05) (2.06e-05) (2.06e-05) (2.06e-05) 

SIZE 3.44e-05** 3.20e-05** 3.23e-05** 3.13e-05** 

 

(1.36e-05) (1.41e-05) (1.41e-05) (1.42e-05) 

AGE 0.00170 0.00155 0.00152 0.00186 

 

(0.00316) (0.00355) (0.00357) (0.00398) 

PROFITS 8.31e-05 8.45e-05 8.41e-05 7.79e-05 

 

(0.000119) (0.000118) (0.000118) (0.000119) 

LOBBYING -3.29e-08* -3.24e-08* -3.18e-08* -2.98e-08* 
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(1.68e-08) (1.76e-08) (1.76e-08) (1.69e-08) 

YEAR DUMMIES YES YES YES YES 

FIRM FIXED EFFECTS YES YES YES YES 

Constant -0.195 -0.344 -0.149 -0.282 

 

(0.307) (0.330) (0.338) (0.370) 

Observations 941 927 927 927 

R-squared 0.017 0.018 0.019 0.021 

Number of companies 112 109 109 109 

Robust standard errors in parentheses clustered by firm; *** p<0.01, ** p<0.05, * p<0.1 

5.3.3 Robustness 

We conduct two sets of quantitative robustness tests to in the analysis of our 

data.  First, we control for firm and year fixed effects and cluster robust standard errors 

by firm (results are unchanged when we cluster by state location); these specifications 

should strip out the impact of unchanging firm trends, year trends, and location 

characteristics.  We also tested the panel data models using random effects specification 

to allow for across company variation; the results are consistent across all models, but as 

per the results of the Hausman test, we elected to use fixed-effects in our main results. 

The second set of quantitative robustness tests are with regards to the coding of 

the independent variables.  We conduct the analyses with alternate measures for the 

following variables: Uncertainty was coded to include states with voluntary RPS goals; 

Changes in attention was coded to include a larger set of renewable words; in both cases 

we found consistent results.  This lends supports the idea that the coding is not driving 

the results. 
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5.4 Discussion for Study 2 

Research focusing on the role of managerial attention, and more generally 

cognition, in driving organizational outcomes has made great strides towards a more 

nuanced behavioral theory of the firm (March and Simon 1958).  We now have a better 

understanding of the types of discretionary choices managers make when selectively 

attending to important events, issues, and problems (Ocasio 2011; Ocasio 1997); 

conditions under which some events are more easily attended to than others (Hoffman 

and Ocasio 2001); and strategic implications of discretionary managerial choices (Eggers 

and Kaplan 2008; Kaplan and Tripsas 2008; Gavetti 2005; Gavetti and Tripsas 2000). 

A central tenet of the body of research on managerial decision-making and 

strategy accounts for the impact of uncertainty on managerial and strategic outcomes.  

There is a deep tradition here starting from studies of managerial decision-making and 

related cognitive tasks that build a strong link between uncertainty and managerial 

outcomes (Hofstede, Hofstede, and Minkov 1991; Knight 1921).  However, we still lack a 

clear theory about the conditions under which top managers’ attention and discretionary 

choices may be altered in the presence of uncertainty.  In order to answer these 

questions, we examine the role of a classical element present in a variety of managerial 

decision-making settings, uncertainty, in driving differential changes in attention.  We 

develop a conceptual framework to understand how top managers at two levels in an 
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organization: headquarter and subsidiary, make discretionary choices about how to 

attend to a new, uncertain strategic area.  

By exploring differences in how headquarters and subsidiary top managers 

modulate their attention to a new uncertain strategic area, this research is making 

important contributions to behavioral research on attention.  Our results highlight the 

top-down nature of attention in large, corporate firms as well as differences in 

uncertainty interpretation and response by headquarters and subsidiaries top managers.  

We also identify a boundary condition to the well-accepted uncertainty avoidance 

response: subsidiary top managers avoid paying attention to issues full of uncertainty, 

but we see headquarters top managers do the opposite – they pay more attention to the 

uncertain area and closely linked areas.  This result suggests that headquarters top 

managers in top-down decision making organizations take a broad overview and 

consider potential coordination and interdependence between units when making 

decisions; contrary to expectations, this effect is especially strong when the organization 

is facing uncertainty.   

These results highlight two sets of fundamental differences: first, in attention 

allocation with and without uncertainty; second, between attention allocation by 

headquarter and subsidiary top managers.  The first difference, in attention allocation of 

top managers in the presence of uncertainty, is the truly interesting result.  Although 

headquarters top managers take a broad overview of the firm and increase their 



 

111 

attention to the uncertain area and as related areas to coordinate interdependencies 

between units, we see that subsidiary top managers avoid attending to issues fraught 

with uncertainty entirely.  This suggests a boundary condition to the classic uncertainty 

avoidance mechanism (Hofstede, Hofstede, and Minkov 1991), and a distinct difference 

in managerial allocation of attention across structural units.  The second difference, in 

attention allocation between headquarters and subsidiaries, though not surprising lends 

nuance to our understanding of managerial focus and attention.  In combination, both 

sets of results contribute to our understanding of attention allocation by top managers at 

headquarters and subsidiaries units, and the important effect of uncertainty on 

attention.   
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6. Future Work 

6.1 Boundary Conditions 

There are a number of boundary conditions to the decision processes by which 

firms identify Search Space.  Although these boundary conditions, as identified by the 

mechanisms and assumptions in the formal model, were necessary in a first cut 

exploring Search Space, and are reasonable for the U.S. Renewable Electricity Sector, in 

future work we would like to relax these boundary conditions to develop a more 

broadly applicable model of Search Space.  The table below identifies the main 

boundary conditions along with their implications for the current model of Search 

Space, the types of settings necessary for testing each boundary condition, and relevant 

examples. 

Table 16: Boundary Conditions 

No. Boundary 

Conditions  

Implication/ Changes 

Necessary to current SS Model 

Future Research Examples 

1 Endogenously 

Generated 

Problem 

If problems are generated 

endogenously, different firms 

will solve different problems.  A 

model examining changes in 

size of Search Space within firms 

over time should still operate 

according current model.  

However, there might be 

additional problem-specific 

variables which may also predict 

how different firms price their 

potential solutions.  For 

instance, an endogenously 

generated problem could be 

Need a setting 

where different 

characteristics of 

problem for 

different firms 

can be observed 

and used in the 

analysis to 

predict the 

dimensions of 

Search Space.  

Case with single 

solution driving 

need for search 

1. Firm 

identifies a 

problem with 

one of their 

existing 

products and 

develops an 

improvement.   

2. Firm 

identifies a 

breakthrough 

invention and 

then decides 

whether, and 
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driven by a single breakthrough 

potential solution; this type of 

solution might be priced in a 

way so that benefits are always 

greater than costs. 

might still be a 

special case. 

how to 

commercialize 

it. 

2 Different 

number/ sets 

of total 

potential 

solutions for 

different 

firms 

Differences in size and content 

of the universal set of potential 

solutions for each firm could 

explain some or all of the change 

in size of Search Space.  This 

change should not affect 

mechanisms in within firm 

models, but would need to 

control for this number if the 

universal set changes over time.   

Would need to 

generate and 

control for total 

number of 

potential 

solutions in 

analysis.  Need a 

setting where 

total universe of 

solutions for 

each firm is 

observable. 

1. Different 

firms have 

different 

geographic/ 

business/ 

regulatory 

constraints 

which limits 

universe of 

potential 

solutions for 

each firm.  

Can think of 

an industry 

with strategic 

groups 

following this 

kind of 

search. 

3 Big capability 

differences 

across firms; 

i.e. firms not 

homogenous 

Experience should capture some 

capability differences, however 

we may want to include more 

capabilities measures as 

independent variables. Would 

still expect capabilities to drive 

local search, thus it is unlikely 

that the mechanisms in this 

model should change. 

Would need to 

more controls for 

capability 

differences in a 

both fixed and 

random effects 

models. 

1. An industry 

with 

generalists vs. 

specialists 

solving same 

problem 

might result 

in vast 

capability 

differences. 

4 Garbage Can 

decision 

model 

There should be no role of 

experience, except through 

attention/ cognition to identify 

various potential solutions that 

are in managers' consciousness. 

Would expect a 

model without 

any or only a low 

correlation 

between 

experience and 

1. Extremely 

new and 

different 

(from prior 

experience) 

problems, or 
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Search Space to 

correspond to a 

garbage can 

model. 

industries 

with a lot of 

turbulence 

may use a 

Garbage Can 

model of 

search to 

identify 

Search Space.  

Firms’ slack 

resources 

might be used 

to restrict the 

number of 

solutions 

considered. 

5 Iterative 

decision 

model 

There are a number of 

possibilities.  First, firms could 

start with one solution, try 

implementing and if it doesn’t 

work, start again.  Second, firms 

could consider different 

potential solutions in different 

amounts of detail, i.e. the "real 

set" considered could be smaller 

than all options identified at the 

start.  It would make sense for 

experienced firms to start with 

model 1 and inexperienced to 

start with model 2. 

It seems like 

qualitative 

research is the 

only way to 

know if firms use 

this approach.  

An alternative to 

interviewing 

firms would be 

to interview 

consultants who 

do the research 

for a majority of 

firms in that 

industry. 

1. Firms solving 

endogenously

-generated 

problems or 

problems 

identified by a 

breakthrough 

innovation 

might take the 

model of an 

iterative 

decision 

model.  Firms 

might try 

implementing 

their 

breakthrough 

solution, and 

consider other 

options only 

after it fails. 
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6 Social 

network/ 

competitor 

driven search 

Would expect information in the 

network/ actions of competitors 

to predict items in Search Space.  

The attention variable should 

pick up what firms know about 

others’ Search Spaces.  Would 

also expect focal firm's role in 

network/ industry to affect 

results, i.e., highly ranked firms 

will not imitate/ follow actions 

of others; firms will avoid doing 

what low status/ bad actors do. 

Would need a 

setting where 

actors are 

ranked, their 

actions can be 

observed by all, 

and they all have 

the incentive to 

solve the same 

problem. 

1. In highly 

competitive 

industries – 

for instance, 

smartphones, 

firms might 

not consider 

potential 

solutions until 

they see their 

competitors 

providing a 

specific 

service. 

7 Firms 

deciding not 

to search 

This would imply no Search 

Space; would need a first stage 

condition predicting firms that 

search and those that do not 

search. 

Need setting 

where we can 

observe some 

firms choosing 

not to search 

based on some 

existing 

preference or 

differences in 

costs and 

benefits of 

possible 

solutions. 

1. This would be 

the case of 

cooperative 

and municipal 

firms in U.S. 

electricity 

industry not 

searching for 

renewable. 

8 Firms having 

Search Space 

with 0 items 

A firm could decide to search 

but then decide no option is 

worth pursuing, i.e. relative 

costs do not outweigh relative 

benefits for any option.  The 

current model assumes that the 

benefits of the options are 

defined by the problem and are 

big enough that all firms would 

find some potential solution to 

consider.  In a different model 

with a different type of problem 

or a different pricing mechanism 

Would need a 

setting where 

choice to search 

and choice of 

items in Search 

Space are clearly 

outlined.  We 

also need a 

different pricing 

mechanism 

which is 

independent of 

the problem, 

1. This would be 

the case of a 

firm in 

solving 

voluntary or 

endogenously 

generated 

problem or 

pursuing an 

opportunity, 

but after 

careful 

consideration 
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we could see firms with a Search 

Space of 0 items, but this case is 

not covered by current model. 

where it is 

possible for a 

firm to end up 

with Search 

Space = 0. 

deciding no 

solution’s 

benefits are 

worth the 

costs.   

9 Different 

firms at 

different 

stages of 

search 

consideration 

and 

evaluation 

funnel 

No difference to current model 

which examines changes within 

firms’ Search Space over time.  

Would mean an additional 

control variable in order to make 

comparisons across firms. 

Need a setting 

where distinct 

phases of search 

process are 

observable; all 

firms must go 

through all 

phases of the 

search process, 

independent of 

how experienced 

they might be.  

1. Addressed in 

the current 

empirical 

model as we 

are able to 

tease out the 

time at which 

each firm 

faces the 

problem; and 

find that the 

results hold, 

expect with 

regards to the 

experience 

variable. 

2. Will be 

addressed 

more 

explicitly 

when 

examining 

pruning/ 

expansion 

decisions of 

pharmaceutic

al develop 

firms across 

different 

phases of 

product 

development. 
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10 Solving an 

opportunity 

The local search rule may apply 

only in a limited capacity; and 

demand side factors might 

matter more in pricing potential 

solutions to include in Search 

Space. 

Need a setting 

where a new 

niche is well-

accepted as an 

"opportunity" in 

the field, or for 

different firms to 

endogenously 

identify different 

new 

opportunities.  

Selection bias for 

firms that decide 

to pursue 

opportunity. 

1. This would 

occur when 

an 

organization 

finds an 

improvement 

on an existing 

product or is 

considering 

ways to 

commercialize 

breakthrough 

innovations.  

11 Competitive 

dynamics 

within 

industry, i.e., 

pursuing 

option A if 

many other 

firms are also 

pursing A is 

not a good 

strategy 

Would expect there to be timing 

differences in when different 

types of firms (first, second, and 

third movers) start searching 

and how they decide what to 

include in SS.  Pricing of options 

should be affected by what has 

already been searched. 

Need setting 

where different 

firms start 

searching at 

different times 

and actions of all 

firms are 

observable; 

would include 

number of other 

firms 

considering 

specific options 

as a control. 

1. In highly 

competitive 

industries – 

for instance, 

smartphones, 

firms might 

not consider 

potential 

solutions until 

they see their 

competitors 

providing a 

specific 

service.  They 

might 

consider only 

solutions that 

the market 

has already 

vetted.  

12 Firms are not 

boundedly 

rational 

Firms will be able to see into the 

future and know which 

potential solution will be the 

best in the future; we should see 

all firms only choose and 

Either a 

simulation or 

formal model is 

needed for a 

setting with 

1. This is not 

realistic for 

real firms; in a 

setting with a 

government 
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implement one solution. perfectly rational 

firms. 

organization, 

which 

controls the 

rule of the 

game, we 

could see one 

“ideal” 

solution being 

considered, 

developed 

and 

implemented. 

 

6.2 Other Concerns 

Although this dissertation is able to define Search Space, identify conditions 

under which organizations identify Search Space, and the key problem and 

organizational factors that drive the size of Search Space, it is unable to identify what 

causes firm to face the problem in the first place.  The conceptual model assumes that 

the problem is exogenously generated and completely independent of firm 

characteristics.  Unfortunately, in the process of researching the empirical setting, we 

discovered that the problem – RPS policy – can be predicted by firm experience and 

certain state characteristics (Lyon and Yin, 2010; Fremeth and Marcus, 2011).  Thus, we 

modified the analysis to focus on understanding the relationship between organizational 

characteristics such as experience and attention, and size of Search Space, without 

addressing causality.  In future work, we would like to tease out the causality between 

the three main independent variables and Search Space.  An exploratory analysis of the 
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smaller firms in the industry – which are presumably less aware of the RPS policy 

change and thus more exogenously affected – as well as a selection bias model in 

Appendix C suggests that there is possibly a causal relationship between the 

independent and dependent variables.  We would like to continue to test this hypothesis 

and understand better the causal trigger to search. 

The core mechanisms in the model – hedging in the face of uncertainty, the cost 

benefit tradeoff with regards to related prior experience, and the benefits of prior top 

managerial attention – are consistent with prior research tested across a variety of 

different settings.  The novel part of this research explicitly identifies the point in the 

search process where firms identify Search Space and defines Search Space itself.  In 

future work we will continue to test the above boundary conditions around the 

conceptual decision model to future our understanding of Search Space.
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7. Conclusions 

This dissertation seeks to understand how firms identify a set of potential 

solutions when solving a specific problem, or how firms identify Search Space.  A great 

proportion of strategy research examining organizational search and problem solving 

has focused on understating the link between firms’ search choices and performance 

improvements.  By focusing on search outcomes, scholars have implicitly assumed a 

homogenous Search Space, leaving unanswered questions about how different firms 

decide where to focus their search.  We contribute to this underexplored area of research 

by investigating how firms decide where to search in order to identify Search Space.  

Moreover, by including managerial attention in our decision model, Search Space also 

recognizes a cognitive aspect of search; Search Space is at the frontiers of evolutionary 

theory that seeks to unite a behavioral perspective with evolutionary processes at the 

organizational level. 

The results in this dissertation highlight a number of important findings.  The 

first main finding in study 1 demonstrates that more uncertainty about the problem 

being solved is likely to force firms to identify a larger Search Space.  Although this 

result is consistent with individual level behavioral studies of decision-making under 

uncertainty, and research using the real options perspective, this dissertation is one of 

the few studies to show the presence of multiple product development at the 
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organizational level by identifying the conditions that incentivize firms to engage in 

parallel solution development.   

The second finding focuses on the role of top managerial attention in 

determining Search Space and finds a positive impact of attention on the size of Search 

Space.  To further understand mechanisms by which managerial attention is triggered 

towards new strategic areas, we undertake study 2 to examine one driver to changes in 

attention: the effect of problem uncertainty on top managerial attention.  Results indicate 

that top managers tend to reduce their attention to uncertain issues over time, except 

when those top managers are located in headquarter units.  Unlike the traditional 

uncertainty avoidance response, top managers in headquarter units actually increase 

their attention to uncertain strategic areas and related areas over time, lending support 

to the idea that top managers in headquarter units take a holistic approach when 

developing strategies for the whole firm.   

The third and final set of results focuses on the role of experience in determining 

Search Space.  Hypothesis 3 in study 1 confirms that even when identifying Search Space 

in a new area, firms have an overwhelming tendency towards local search.  However, 

this tendency toward local search is constrained when firms are solving a cogent 

problem that is outside their realm of expertise.  This is a particularly interesting result 

from the perspective of a policy maker because it suggests ways in which policies can be 

structured to push firms to develop products in underdeveloped areas of the industry.  
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It also suggests way in which managers can ensure their firms are not trapped in path 

dependent patters of development. 

For research on evolutionary theory, our research makes two important 

contributions.  First, this dissertation explicitly defines Search Space, operationalizes it at 

the level of the firm, and identifies environmental, cognitive, and organizational factors 

which affect its creation.  Second, this research also operationalizes important concepts 

including uncertainty, and related prior experience, which follow directly from Nelson 

and Winter (1982) and Jacobides and Winter (2005, 2012), and can be applied in 

empirical settings to test evolutionary theories at the organizational level.  We further 

extend this body of research by linking evolutionary concepts with cognitive factors, 

such as top managerial attention, by identifying how, independent of experience and 

uncertainty, prior top managerial attention can affect the size of Search Space. 

The results raise important implications for the U.S. renewable electricity sector.  

Based on how firms identify new technologies to include in their Search Space, policy 

makers may want to include some uncertainty in their policies to allow firms to identify 

and potentially develop a larger number of new solutions.  In turn, this may be good for 

innovation within the industry, and highlight patterns by which new technologies are 

developed and adopted.     

Future work will continue to build upon the main focus of this dissertation.  

First, we will focus on understanding the second dimension of Search Space –types of 
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items in Search Space – and the organizational factors that predict them.  This will 

identify patters of development of specific new technologies in the U.S. renewable 

electricity sector.  Preliminary analysis examining the effect of experience on different 

types of new technologies shows that firms with prior experience with solar and wind 

electricity include these technologies in their Search Space; we see the opposite effect for 

firms that have experience with hydroelectric and nuclear electricity – as firms gain 

more experience generating hydroelectric and nuclear electricity, they are less likely to 

join the corresponding trade groups.  Further analysis is needed to fully understand 

these results, but as a first cut they suggest differences to the extent of local search based 

on technology type. 

Second, we would like to understand how uncertainty may moderate experience 

and attention’s effects on size of Search Space.  Preliminary results suggest that although 

the main effect of experience is to reduce the size of Search Space, in the presence of 

uncertainty, even as firms gain experience with generating renewable electricity, they 

are likely to identify a larger Search Space.  Similarly, the effect of uncertainty on 

attention is similar; top managers who have been paying attention to renewables are 

already more likely to join renewable trade groups, and this effect is exacerbated in 

states with increasing uncertainty.  Uncertainty, in addition to having the strongest 

effect on search behavior in this model, also seems to explain the largest amount of 

variation in the data, suggesting it is absolutely central to search. 



 

124 

Third, once firms actually start making investments in different technologies, we 

will have the opportunity to understand how the size and nature of Search Space can 

affect firm performance; we are lucky to studying an industry where firms have an 

explicit consideration phase followed by a phase where they must make financial 

investments to start developing new projects that allows us to observe different parts of 

the search process at discrete points in time.  All together, we will be able to study how 

firms identify Search Space, and how Search Space affects performance, providing 

important clarifications to our existing understanding of Search Space.   
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Appendix A: Concepts Table 

Table 17: Concepts Table with Background Terms 

No. Concept Definition Citations 

1 Organizational 

Search 

Problem solving  Cyert and March 1963; 

Nelson & Winter, 1982; 

Rivkin 2002, Gavetti and 

Levinthal, 2001; 

2 Local Search A central assumption in evolutionary 

theory that a firm's R&D activity is 

closely related to its prior R&D activity 

Rosenkopf & Nerkar, 

2001 and Nelson & 

Winter, 1982.  

3 Consideration 

Set 

Brands the consumer would actually 

consider purchasing 

Roberts and Lattin, 1991; 

Howard and Sheth 1969; 

Campbell 1969; Bettman, 

Payne & Johnson 1988 

4 Distant Search Opposite of local search; can be 

considered exploratory search when the 

firm makes a conscious effort to move 

away from current organizational 

routines and knowledge bases 

March 1991, Miner, 

Bassoff, & Moorman, 

2001; Katila & Ahuja, 

2002 

5 Landscape Space of all possible alternatives where 

height of alternative defines its value.  

Gavetti and Levinthal, 

2000; Rivkin 2002 

6 

 

Attention Ocasio 1997 defines attention as 

"encompass the 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 1997, Kaplan & 

Eggers 2009 



 

 

Appendix B: Survey Data Results 

Table 18: Main Results for Search Space for Survey Data (OLS & NBREG) 

DV: NO. RENEWABLE PROJECTS H1 H2 H3 H1 H2 H3 

UNCERTAINTY 4.795***   0.735***   

 (0.911)   (0.273)   

TOP MANAGERIAL ATTENTION  -0.000176   -0.000671  

 (0.00388)   (0.00104)  

RELATED PRIOR EXPERIENCE   -1.088***   -0.216** 

  (0.334)   (0.0842) 

RPS DUMMY  -3.740 -2.005  -0.754 -0.485 

  (2.475) (2.242)  (0.542) (0.457) 

PERFORMANCE -0.000939 -0.00151 -0.000360 -0.000455 -0.000408 -0.000360 

 (0.00114) (0.00124) (0.00115) (0.000299) (0.000342) (0.000264) 

SIZE 0.190*** 0.190** 0.119 0.0518*** 0.0517*** 0.0427** 

 (0.0632) (0.0736) (0.0759) (0.0150) (0.0158) (0.088) 

RENEWABLE REQUIREMENT -0.0717 0.0337 0.0349 -0.0191 0.0121 0.0131 

(0.0658) (0.0745) (0.0720) (0.0181) (0.0267) (0.0255) 

PERCENTAGE DEMOCRATS -0.231*** -0.280*** -0.312*** -0.0527** -0.0695** -0.0716*** 

(0.0757) (0.0814) (0.0749) (0.0253) (0.0278) (0.0253) 

NO. SIERRA CLUB MEMBERS -6.94e-05*** -4.60e-05*** -2.73e-05** -4.13e-05*** -4.89e-05*** -3.34e-05*** 

(1.20e-05) (1.45e-05) (1.36e-05) (1.32e-05) (1.50e-05) (1.00e-05) 

CONSTANT 16.30*** 20.92*** 23.58*** 4.491*** 5.696*** 5.923*** 

 (2.949) (4.417) (3.587) (0.867) (1.201) (1.026) 

NO. OF OBSERVATIONS 64 63 64 64 63 64 

R-SQUARED 0.389 0.343 0.460    

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Appendix C: Selection Bias Models 

Research by scholars studying Renewable Portfolio Standards has shown that 

some states are may be more likely to receive the policy change.  Specific state-level 

characteristics such as Percentage of Democrats in the state legislature, average price of 

electricity, state population, and state GDP have been shown to affect the likelihood of 

receiving the RPS policy change.  Even if there is a selection bias with respect to states 

that receive the RPS policy change, the selection bias should not affect our analyses 

because we only assume that the policy change is independent to prior firm activities.  

However, as a precaution we conduct a two stage analysis to control for selection bias.  

First we use a probit to predict likelihood of a firm being in a state where the RPS policy 

change is positive in a given year; we use the four following selection variables: 

Percentage of Democrats in state legislature (Lyon & Yin, 2010), average price of 

electricity (Fremeth & Marcus, 2011), population, and GDP.  Second, we run OLS 

analyses.  The results are entirely consistent with the main results of the panel data 

analysis in Study1. 

Table 19: Selection Bias Results with Panel Data 

DV: TOTAL MEMBERSHIPS 2ND STAGE OLS 

H1 H2 H3 ALL 

UNCERTAINTY 0.243***   0.199*** 

 (0.0443)   (0.0461) 

ATTENTION  0.296***  0.306*** 

  (0.0334)  (0.0341) 

EXPERIENCE   -0.0656** -0.0915*** 

   (0.0318) (0.0309) 
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PERFORMANCE 0.000126*** 0.000123*** 0.000127*** 0.000141*** 

 (3.56e-05) (3.61e-05) (3.59e-05) (3.59e-05) 

SIZE -0.0140 0.0294 -0.116 -0.111 

 (0.0636) (0.0653) (0.0772) (0.0820) 

RPS DUMMY 0.502*** 0.986*** 1.041*** 0.602*** 

 (0.110) (0.0669) (0.0667) (0.115) 

FIRM DUMMIES YES YES YES YES 

OBSERVATIONS 1,171 1,083 1,127 1,026 

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Appendix D: Panel Data Results with Policy Change 

(RPS Dummy = 0, 1) 

Table 20: Main Results with Panel Data using RPS Dummy 

DV: TOTAL 

MEMBERSHIPS 

OLS POISSON 

H1 H2 H3 H1 H2 H3 

UNCERTAINTY 0.402***   0.362***   

 (0.0843)   (0.112)   

ATTENTION  0.0924   0.161  

  (0.0679)   (0.111)  

EXPERIENCE   -0.207***   -0.163*** 

   (0.0630)   (0.0333) 

ATTENTION*RPS  0.207**   0.149  

  (0.102)   (0.165)  

EXPERIENCE*RPS   0.220**   0.119 

   (0.0845)   (0.0801) 

RPS DUMMY -0.952*** -0.0149 -0.0667 -0.935*** -0.0955 -0.123 

 (0.222) (0.108) (0.109) (0.302) (0.130) (0.106) 

PERFORMANCE 8.43e-05* 7.72e-05 6.74e-05 4.79e-05 4.60e-05 3.19e-05 

 (4.98e-05) (4.89e-05) (4.14e-05) (4.08e-05) (4.64e-05) (3.13e-05) 

SIZE -0.0175 0.0733 -0.0444 0.150 0.162 0.134 

 (0.0876) (0.0755) (0.101) (0.206) (0.190) (0.199) 

YEAR DUMMIES YES YES YES YES YES YES 

OBSERVATIONS 1,171 1,083 1,127 934 897 910 

R-SQUARED 0.351 0.338 0.333    

NO. COMPANIES 117 117 113 90 91 86 

Robust standard errors clustered by firm in parentheses; *** p<0.01, ** p<0.05, * 

p<0.1 
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Appendix E: Panel Data Results with Policy Change 

(RPS Percent = 0 - 100)
14

 

Table 21:Main Results with Panel Data using RPS Percent 

DV: TOTAL 

MEMBERSHIPS 

OLS POISSON 

H1 H2 H3 H1 H2 H3 

UNCERTAINTY 0.0578   0.0916   

 (0.115)   (0.115)   

ATTENTION  0.158**   0.226**  

  (0.0631)   (0.111)  

EXPERIENCE   -0.154***   -0.108*** 

   (0.0554)   (0.0335) 

UNCERTAINTY*RPS 0.904*   0.542   

 (0.479)   (0.501)   

ATTENTION*RPS  0.618   0.205  

  (0.410)   (0.713)  

EXPERIENCE*RPS   0.908   0.166 

   (0.613)   (0.370) 

RPS PERCENT -1.777** -0.142 0.0298 -2.044** -0.423 -0.350 

 (0.894) (0.461) (0.520) (0.895) (0.589) (0.446) 

PERFORMANCE 9.05e-05* 9.04e-05* 7.20e-05 4.99e-05 5.78e-05 3.71e-05 

 (5.38e-05) (5.42e-05) (4.63e-05) (4.08e-05) (4.99e-05) (3.49e-05) 

SIZE -0.00554 0.0780 -0.0702 0.189 0.167 0.106 

 (0.0886) (0.0766) (0.106) (0.201) (0.189) (0.205) 

YEAR DUMMIES YES YES YES YES YES YES 

OBSERVATIONS 1,118 1,030 1,074 899 862 875 

R-SQUARED 0.326 0.329 0.317    

NO. COMPANIES 112 112 108 87 88 83 

Robust standard errors clustered by firm in parentheses; *** p<0.01, ** p<0.05, * p<0.1 

                                                      

14 Results are identical if we use an effect coded variable for RPS Percent where RPS Percent = -1 for all firms 

that never face the law. 



 

 

Appendix F: Panel Data Main Results Using Random Effects 

Table 22: Main Results with Panel Data using Random Effects 

DV: TOTAL 

MEMBERSHIPS 

OLS POISSON 

H1 H2 H3 ALL H1 H2 H3 ALL 

UNCERTAINTY 0.441***   0.397*** 0.428***   0.361*** 

 (0.0777)   (0.0653) (0.103)   (0.109) 

ATTENTION  0.209***  0.208***  0.375***  0.421*** 

  (0.0452)  (0.0444)  (0.0739)  (0.0805) 

EXPERIENCE   -0.0865* -0.105**   -0.0502 -0.0621 

   (0.0504) (0.0446)   (0.0570) (0.0543) 

PERFORMANCE 0.000103* 9.27e-05 9.66e-05* 0.000117** 7.30e-05 7.52e-05 6.27e-05 0.000118 

 (5.50e-05) (5.71e-05) (5.87e-05) (5.56e-05) (7.76e-05) (8.26e-05) (7.67e-05) (8.43e-05) 

SIZE 0.0193 0.0742* -0.00194 0.0316 0.177** 0.136** 0.160* 0.102 

 (0.0456) (0.0414) (0.0528) (0.0505) (0.0839) (0.0694) (0.0876) (0.0710) 

RPS DUMMY -0.985*** 0.105 -0.107 -0.738** -1.013*** 0.0497 -0.149 -0.721** 

 (0.301) (0.296) (0.288) (0.317) (0.316) (0.242) (0.234) (0.336) 

RENEWABLE 

REQUIREMENT 

-0.103 -0.244 0.675 -0.490 -0.508 -0.471 0.293 -0.981 

(1.119) (1.304) (1.291) (1.207) (1.087) (1.146) (1.087) (1.158) 

REPEAL 0.586 -0.180 -0.0535 0.541 1.075 0.213 0.264 0.926 

 (0.615) (0.629) (0.607) (0.634) (1.137) (0.848) (1.072) (0.809) 

PERCENT 

DEMOCRATS 

-0.287 -0.237 -0.156 -0.284 0.172 0.0191 0.0337 0.113 

(0.418) (0.457) (0.442) (0.458) (0.837) (0.826) (0.824) (0.859) 

HIGH SCHOOL 

GRAD. PERCENT 

0.00923 0.00699 0.00377 0.0104 -0.00668 -0.00384 -0.0108 -0.00162 

(0.00658) (0.00833) (0.00819) (0.00654) (0.0131) (0.0128) (0.0127) (0.0132) 

POPULATION 1.04e-07 2.29e-07 2.66e-07* 7.13e-08 6.98e-08 8.94e-08 1.79e-07 -5.71e-08 
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 (1.33e-07) (1.60e-07) (1.46e-07) (1.52e-07) (1.49e-07) (1.52e-07) (1.49e-07) (1.61e-07) 

GDP -4.18e-07 -2.21e-06 -2.74e-06 -7.62e-07 -4.68e-07 -1.63e-06 -2.37e-06 -5.21e-07 

 (1.30e-06) (1.79e-06) (1.71e-06) (1.63e-06) (1.78e-06) (1.85e-06) (1.76e-06) (1.94e-06) 

NO. SIERRA 

CLUB MEMBERS 

-2.00e-05** -2.00e-05*** -2.40e-05*** -2.87e-05*** -8.89e-06 -6.28e-06 -5.13e-06 -1.28e-05 

(9.18e-06) (7.46e-06) (6.74e-06) (6.56e-06) (9.37e-06) (9.54e-06) (9.36e-06) (9.84e-06) 

PRICE OF 

ELECTRICITY 

-0.0485** -0.0421 -0.0625** -0.0329 -0.0656 -0.0200 -0.0486 -0.0250 

(0.0216) (0.0257) (0.0312) (0.0201) (0.0421) (0.0420) (0.0418) (0.0440) 

YEAR DUMMIES YES YES YES YES YES YES YES YES 

STATE DUMMIES YES YES YES YES YES YES YES YES 

OBSERVATIONS 1,118 1,030 1,074 973 1,118 1,030 1,074 973 

NO. COMPANIES 112 112 108 106 112 112 108 106 

Robust standard errors clustered by firm in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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