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SUMMARY (ENGLISH) 

Imagine a situation where a problem or a task needs to be solved – how do you go about it? 

This is a situation that organizations, that is, firms and their members, face continually, as their 

primary livelihood is to solve problems and tasks for customers. The behavior exerted in the 

process whereby organizations or individuals search for and experiment with solution alterna-

tives to tasks or problems is defined as search behavior and is the focal point in this disserta-

tion.  

Paper 1 has the organization as the unit of analysis and focuses on the long-term time horizon 

of search behavior. A systematic literature review of articles dealing with cognitive search in 

terms of foresight activities is conducted, with a synthesis of previous literature from 1969 

onwards in one of the leading foresight journal outlets. This synthesis contributes with an over-

view of the current literature and discusses future research trajectories. 

Paper 2 also investigates search behavior with the organization as the unit of analysis, but in-

stead of focusing on the long-term, the time horizon here is the short- and medium-term. Sys-

tem dynamics modelling is applied to investigate how a firm can find itself in a success trap 

by failing to shift its search behavior focus from exploitation to exploration soon enough, as 

well as what firms can do to avoid the trap. The interactions between the board of directors and 

managers are central in the discussion of antecedents and solutions to avoiding success traps. 

Paper 3 has a more micro-level perspective on search behavior, focusing on individuals as the 

unit of analysis in the short- and medium-term. The paper investigates how organizations can 

affect whether and where individuals search for solution alternatives through incentive struc-

ture designs. 

 

All papers in this dissertation investigate different aspects of the complex and multifaceted 

search behavior construct focusing on different units of analyses and time horizons. Thus, this 
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dissertation contributes with a holistic perspective covering different aspects of search behav-

ior. 
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RESUMÉ (DANSK) 

Forestil dig en situation, hvor et problem eller en opgave skal løses – hvordan gør du? Dette er 

en situation, som organisationer i form af virksomheder og deres ansatte står overfor løbende, 

da deres primære levebrød er at løse problemer og opgaver for deres kunder. Den udviste ad-

færd i denne proces, hvorved organisationer eller individer søger efter og eksperimenterer med 

løsningsalternativer til opgaver og problemer, er defineret som søgeadfærd, og det er omdrej-

ningspunktet i denne afhandling.  

Artikel 1 har organisationen som helhed i fokus, og fokuserer her på søgeadfærd med et lang-

sigtet tidsperspektiv for øje. En systematisk gennemgang af artikler, der omhandler kognitiv 

søgningsadfærd i form af ’foresight activities’, er blevet lavet med en sammenfatning af tidli-

gere litteratur på området fra 1969 og fremefter i en af de ledende tidsskrifter på området. 

Sammenfatningen bidrager med et overblik over den tidligere litteratur, og ydermere bidrager 

den til en diskussion af fremtidige forskningsretninger på området.  

Artikel 2 undersøger også søgeadfærd med organisationen som helhed i fokus, men i stedet for 

et langsigtet tidsperspektiv undersøger artiklen i højere grad søgeadfærd ud fra et kort eller 

mellemlangt tidsperspektiv. System Dynamics Modellering er anvendt til at undersøge, hvor-

dan en virksomhed kan ende i ’succesfælder’ ved at fejle på at skifte fokus i søgeadfærden i 

tide. Ydermere undersøger artiklen en løsning til, hvordan virksomheder kan undgå ’succes-

fælder’. Interaktionerne mellem en virksomheds bestyrelse og dens managere er de centrale 

elementer i diskussionen af årsagerne og løsningerne til at undgå succesfælder. 

Artikel 3 har et mere finmasket perspektiv på søgeadfærd ved at fokusere på individers søge-

adfærd ud fra en kort eller mellemlang tidshorisont. Artiklen undersøger, hvordan organisatio-

ner kan påvirke, om og hvor individer søger efter løsningsalternativer gennem designs af be-

lønningsstrukturer.  



 
 

VI 

Alle artikler i denne afhandling undersøger forskellige aspekter af det komplekse og mangesi-

dede begreb søgeadfærd ved at fokusere på forskellige analyseniveauer og tidshorisonter. Der-

ved bidrager afhandlingen med et holistisk perspektiv, der dækker forskellige aspekter af sø-

geadfærd. 
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GENEREAL INTRODUCTION 
 
Organizations, more specifically, firms, exist because they can offer demanded products or 

services at lower costs than the customer would incur producing these by him- or herself 

(Coase, 1937). In producing products and service, firms must solve tasks and problems with 

the objective of satisfying customer needs while generating profit, and they therefore operate 

as problem-solving units (Nickerson & Zenger, 2004). When a firm solves problems and tasks, 

it generates and experiments with solution alternatives. The behavior exhibited in the process 

of searching for solution alternatives conducted by the firm itself, groups, or individuals in the 

firm is defined as search behavior (Cyert & March, 1963; March, 1991). Search behavior at 

the organizational level and individual level is a central part of this dissertation, as this process 

is decisive for performance when solving a task or problem. It is the step that leads to a certain 

performance, and it is therefore crucial to understand search strategies and other related aspects 

of this process in order to improve performance (Billinger et al., 2021; Billinger et al., 2014; 

Cyert & March, 1963; March, 1991).   

All three papers comprising this dissertation investigate search behavior, each focusing on dif-

ferent aspects. Due to the broad nature of search behavior as a construct, it can be investigated 

in multiple different organizational contexts, such as strategy (see e.g. Ghemawat & Levinthal, 

2008), organizational design (see e.g. Fang, et al., 2010; Rivkin & Siggelkow, 2003; Schilling 

& Fang, 2014), and innovation and creativity (see e.g. Hart et al., 2022; Kaplan & Vakili, 2015; 

Lee & Meyer-Doyle, 2017). This means that findings from this dissertation can be applied in 

multiple organizational contexts, which will be discussed in the outro of the dissertation how. 

 

Figure 1 gives an overview of how the three papers comprising this dissertation are interlinked. 

The following paragraphs provide more detailed overviews of the individual research papers 

followed by introductions to the overall theoretical and methodological groundings. 
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Figure 1: Overview of research papers and aspects of search behavior investigated 
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BACKGROUND AND OVERVIEW OF RESEARCH PAPERS 
 
 
 
PAPER 1: “50 YEARS OF CORPORATE AND ORGANIZATIONAL FORESIGHT: 

LOOKING BACK AND GOING FORWARD” 

Research question 1: How has the foresight literature developed from 1969 to 2018, and 

what can the future research trends be within this literature stream? 

 

In order to understand how firms can succeed in the long run with regard to maintaining their 

competitive advantages or gaining new ones, they must prepare their activities for the future 

(Brown, 2016; Chatzoglou & Chatzoudes, 2018; Lee & Yoo, 2019; Tushman & Nadler, 1986). 

This means that they will need to conduct search activities based on an approach where the 

future, i.e. future scenarios in relevant trends and developments are analyzed by cognitive rep-

resentations. Cognitive representations provide a way of evaluating outcomes of actions with-

out having executed any actions, and an agent’s use of cognitive representations when solving 

tasks is considered cognitive search (Csaszar & Laureiro-Martínez, 2018; Gavetti & Levinthal, 

2000; Gavetti & Menon, 2016; Tapinos & Pyper, 2018). Organizations apply “foresight” when 

they perform cognitive search and thereby explore the future, which is defined as “the ability 

of a strategist to identify a superior course of action, especially one that is markedly different 

from the status quo, and foresee its consequences” (Gavetti & Menon, 2016, p. 207). This 

means that decision makers in organizations explore future scenarios relevant to their busi-

nesses and evaluate the plausibility and consequences of these scenarios in order to prepare 

their business activities for possible future developments (Rohrbeck et al., 2015). Cognitive 

search in terms of foresight is strongly related to the innovation activities of an organization 

(Rohrbeck & Gemünden, 2011). Innovation is an important construct for firms to work with in 

order to survive and maintain their competitive advantages (Brown, 2016; Chatzoglou & 
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Chatzoudes, 2018; Lee & Yoo, 2019; Tushman & Nadler, 1986). Exploration of possible future 

scenarios, that is, foresight, is directly related to an organization’s innovation activities in three 

ways. Decision makers assume roles as initiators, strategists, and opponents by applying fore-

sight methods in their decision making. An initiator will identify new ideas, technologies, etc., 

while a strategist will generate vision and strategic directions in terms of which ideas and busi-

ness models to apply in the future. Opponents will, throughout an innovation process from idea 

generation to commercialization, question and challenge basic assumptions about, e.g., cus-

tomer needs and choices regarding new products and services. Furthermore, as opponents they 

will be able to identify potential disruptions that can threaten the relevance of current innova-

tion activities (Rohrbeck & Gemünden, 2011). It is important for firms to acknowledge that 

innovative activities must be considered both from a short-term perspective as in daily business 

operations, and in a more long-term perspective in order to maintain competitive advantages. 

Firms must, in other words, have a “duality perspective” on creativity and innovation 

(Anderson et al., 2014; Sarooghi et al., 2015; Tushman & Nadler, 1986). Tushman & Nadler 

(1986) state that “Successful organizations innovate for today as well as for tomorrow” (p.81). 

This paper investigates the long-term time horizon of the duality perspective by reviewing and 

synthesizing the foresight literature from 1969 to 2018 in one of the leading foresight journals, 

contributing to a deeper understanding of cognitive search reflected as foresight activities.  

 

 
PAPER 2: “SUCCESS TRAPS: THE INTERPLAY BETWEEN THE BOARD OF DI-
RECTORS AND MANAGERS” 
 
Research question 2: What role does the interplay between a firm’s board of directors and its 

managers play in the context of success traps, and how can potential obstacles in this context 

be mitigated? 
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Paper 1 examines search behavior with the organization as the unit of analysis and focuses on 

an organization’s future and its future survival, where cognitive search plays an essential role. 

Future preparedness is important for firm survival, but when innovating and strategizing, a firm 

must take multiple time horizons into perspective simultaneously in order to succeed (Tushman 

& Nadler, 1986). Paper 2 contributes with knowledge on the essential role of search behavior 

in an organization’s operations in the short- and medium-term and how these decision to a great 

extent affect the organization’s future performance. A general characteristic for the investi-

gated type of search behavior in this paper is that it is based on a continuous process consisting 

of a trial-and-error approach with the application of different solution alternatives to tasks fol-

lowed by performance feedback (Gavetti & Levinthal, 2000). Paper 2 investigates this type of 

search behavior by focusing on a phenomenon called a “success trap,” which can be detrimental 

to a firm’s future performance. 

  

Success traps are a phenomenon describing a state in which a firm’s search behavior is char-

acterized as an overemphasis on exploiting existing resources and capabilities when solving 

tasks, rather than investing in exploring new ones required to adapt to a changing business 

environment (Levinthal & March, 1993; Walrave et al., 2011). Firms that are caught in such 

traps choose to overexploit existing resources and capabilities due to the certainty and predict-

ability associated with these compared to investing in new, less predictable resources and ca-

pabilities with unknown performance-related consequences. This generates success in the short 

term but will typically harm performance in the long run, as over time it renders the existing 

resources and capabilities obsolete if the business environment changes in terms of, e.g., tech-

nology or customer needs (March, 1991; Walrave et al., 2011). There are numerous examples 

of firms that have been caught in success traps, including firms like Nokia and Kodak, which 

both overexploited resources and capabilities that had initially led to their success when first 



 
 

10 

introduced. This means that they did not pay enough attention to the need to explore new re-

sources and capabilities early enough to sustain their competitive advantages (Anthony, 2016; 

Barwise & Meehan, 2011; Gavetti et al., 2017; McCray et al., 2011; O’Reilly & Tushman, 

2004). Nokia had a tremendous amount of success throughout the 90s and first half of the 00s, 

where it outperformed competitors like Motorola in the mobile phone industry by focusing on 

new technology and design in their product development. The firm continued exploiting that 

technology and their product design and ended up overexploiting these by failing to adequately 

invest in exploring the technological development in their industry early enough. Apple was a 

relatively small competitor in the beginning of the 00s, but due to its exploration of the tech-

nological development in the industry with their introduction of smartphones, something new 

both regarding technology and design, they managed to capture big market shares from Nokia 

in this industry (Barwise & Meehan, 2011; Gavetti et al., 2017; McCray et al., 2011). Another 

example of a firm caught in a success trap is Kodak. Kodak was a company that focused on 

selling film for cameras, which led to great firm success up to the 1980s. The firm continued 

its business operations by overexploiting its resources and capabilities associated with films 

for cameras meaning that they did not explore new technologies in terms of digital cameras 

early enough. Fuji, a small competitor compared to Kodak prior to the 1980s, explored new 

technologies and as a result gained huge market shares from Kodak (Anthony, 2016). Both 

Kodak and Nokia overemphasized exploitation of existing resources and capabilities and did 

not soon enough invest in the exploration of new ones.  

 

In order to prevent firms from ending up in success traps, we need to understand the anteced-

ents. Whether or not a firm finds itself in a success trap is typically determined through high-

level organizational decisions, meaning that the organization is the unit of analysis, and those 

in the top layers of the organization, i.e., the board of directors and managers, are crucial agents 
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to consider when investigating the topic (Levinthal & March, 1993; Walrave et al., 2011; 

Walrave et al., 2015). Bigger firms typically consist of an operational unit of the firm itself 

lead by a management team, with the CEO as the highest ranking leader, and a unit representing 

the owners of the firm (the shareholders) called the board of directors (Hart, 1995). These two 

units should, according to good corporate governance practice, be independent, meaning that 

firms should avoid having the same people in both units to avoid issues of conflicting interest, 

since the board of directors have a controlling function in terms of ensuring that firm managers 

work in the interest of the owners (Hart, 1995; John & Senbet, 1998). Regardless, effective 

interplay between these two units is crucial for multiple reasons. First, firm performance is 

affected due to the exchange of advice and knowledge between the two units that can be used 

in firm operations (Hillman & Thomas, 2003; Westphal, 1999). Second, the effectiveness of 

this interplay has an impact on avoiding corporate scandals (such as Enron’s corporate fraud 

that lead to the bankruptcy of the firm), as the board of directors would work as an addition 

control mechanism regarding corporate operations (Dnes, 2005; Hart, 1995; Vinten, 2002). 

The benefits of an effective interplay between managers and the board of directors are not 

confined to short-term daily operation activities such as the exchange of advice and control 

making firms operate more smoothly. These interplays also have more far-reaching and long-

term performance-related consequences, where unsuccessful interplays, in worst-case scenar-

ios, end with firms in “success traps” (Levinthal & March, 1993; March, 1991; Walrave et al., 

2011, 2015).  

 

The research on this area investigating the relationship between the board of directors, manag-

ers, and success traps has been sparse, even though earlier research has shown that the interplay 

between a firm’s board of directors and managers plays an important role due to the positive 

effects of the exchange of knowledge and experience on firm performance (Hillman & Thomas, 
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2003; Westphal, 1999). This leads to the paper’s research question with an aim to investigate 

the interplay between the board of directors and managers in relation to firms ending in success 

traps and how potential obstacles in this relation can be mitigated.  

 

 

PAPER 3: “THE EFFECTS OF INCENTIVES ON WHETHER AND WHERE INDI-

VIDUALS SEARCH”  

Research question 3: What are the effects of incentive structure designs on whether and 

where individuals search?  

 

Success traps describe a state that firms should try to evade by avoiding overexploitation of 

current resources and capabilities. A firm should therefore encourage a certain amount of ex-

plorative activities internally in order to continuously adapt to the business environment in 

which it operates (Levinthal & March, 1993; March, 1991), and thus appropriate means and 

focus on other levels of analysis, e.g., groups (see e.g. Døjbak Håkonsson et al., 2016) and 

individuals (see e.g. Billinger et al., 2021; Ederer & Manso, 2013) must be taken into account 

(Banerjee et al., 2018). 

 

Balance between exploitation and exploration has been investigated in prior research with the 

organization as the unit of analysis. The research has focused on multiple organizational con-

texts, such as strategizing (see e.g. Gavetti & Rivkin, 2007; Ghemawat & Levinthal, 2008), 

organizational design (see e.g. Siggelkow & Rivkin, 2006, 2009), and innovation (see e.g. 

Becker et al., 2006; Fleming, 2001; Fleming & Sorenson, 2004). It stands to reason that much 

of the prior research has investigated this topic with the organization as the unit of analysis, 

since the theoretical origins like the behavioral theory of the firm in terms of problemistic 
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search (Cyert & March, 1963) and the later seminal paper on exploration and exploitation by 

March (1991) investigate the topic with the organization as the unit of analysis. Research 

within this theoretical frame has nevertheless also shown that in order to fully understand how 

exploitative and explorative activities within an organization unfold, one must acknowledge 

the heterogeneity inside the organization regarding these activities. This means that micro per-

spectives, that is, groups and individuals as units of analysis, are highly relevant to investigate 

within this theoretical frame as additional aspects of organizations as the unit of analysis 

(Banerjee et al., 2018; Døjbak Håkonsson et al., 2016; Felin et al., 2015; Kacperczyk et al., 

2015; Vuculescu, 2017; Vuculescu et al., 2021). Kacperczyk et al. (2015) find that risk-taking 

behavior, which is highly associated with explorative behavior (Billinger et al., 2021), differs 

among individuals in organizations due to social comparisons, and Banerjee et al. (2018) show 

how groups consisting of individuals shape the behavior of the organization as a sum of their 

heterogenous combinations of exploitative and explorative behavior. Exploitative and explor-

ative behavior is also called search behavior, as it reflects actions of a search for solution alter-

natives to a task or problem as a continuous trail-and-error process, including performance 

feedback (Billinger et al., 2021). Evidence thereby exists that exploitative and explorative be-

haviors are heterogenous measures that vary in nature from individual to individual and from 

group to group, but research has also shown that it is possible to affect these behaviors by the 

organization (Billinger et al., 2021; Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017). This 

means that when the top management team and the board of directors decide on a desired bal-

ance between exploitation and exploration, it is possible to make the rest of the organization 

work towards their goal by means such as feedback structure design (Billinger et al., 2021). 

Another means of affecting how individuals behave when searching for solution alternatives 

to problems in organizations is incentives (Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017; 

March, 1991), which have the function of being catalytic regarding behavioral changes (Barge 
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& Gehlbach, 2012; March, 1991; Purnell et al., 2014; Vuculescu et al., 2021). It has long been 

known that incentives affect problem-solving behavior, and the focus in many studies has pri-

marily been on investigating how different incentives affect performance without explicitly 

considering search behavior, even though search behavior is what directly affects performance 

(Camerer & Hogarth, 1999; March, 1991). March (1991) has highlighted the importance of 

incentives in promoting desired search behavior in terms of exploitative or explorative search 

behavior. Furthermore, Gneezy et al. (2011) have emphasized the importance of incentive 

structure designs when affecting behavior via incentives. Nevertheless, research on search be-

havior and incentive structure designs is sparse (Lee & Meyer-Doyle, 2017), with few excep-

tions by Ederer & Manso (2013) and Lee & Meyer-Doyle (2017) showing that incentive struc-

tures associated with low individual costs and rewarding long-term oriented performance lead 

to more explorative search behavior. The aforementioned papers investigate the topic by con-

ceptualizing search behavior as a continuous scale ranging from exploitation to exploration 

(Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017). Research paper 3 builds on this research 

by focusing on similar mechanisms driving behavior in the design of the investigated incentive 

structures but expands the conceptualization of search behavior to include not only where in-

dividuals search (as in the two aforementioned articles) but also whether they search. Whether 

and where decision makers search are the two interlinked steps in the search process defining 

problemistic search behavior, and it is important to include both steps when conceptualizing 

search behavior, since we cannot assume that an agent always searches (Billinger et al., 2021; 

Cyert & March, 1963). This means that there might be a solution alternative to a problem or 

task that an agent is satisfied with in terms of generated performance. A satisficing solution 

alternative leads an agent to stop searching and results in repeated application of the satisficing 

solution alternative. The first step in the conceptualization of search behavior should therefore 

not be ignored, as it reflects the search intensity, taking into account whether or not the agent 
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actively searches, while the second step reflects the search breadth and is only activated when 

the agent actively starts searching (Billinger et al., 2021; Cyert & March, 1963). The integration 

of these two steps in the conceptualization of search behavior leads to the above research ques-

tion investigating how individuals search when facing different incentive structure designs.  
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THEORETICAL FOUNDATIONS 
 
All papers in this dissertation are fundamentally about problem-solving and search behavior, 

focusing on different aspects of the problem-solving process. Organizations, that is, firms, are 

considered problem-solving units whose tasks are to solve certain problems and profit based 

on how they solve them (Nickerson & Zenger, 2004), and search behavior is defined as the 

behavior displayed by firms, groups, or individuals in their generation of solution alternatives 

(Cyert & March, 1963; March, 1991). Paper 1 reviews the research on a particular type of 

search activity based on cognitive evaluations of future possible scenarios in order to prepare 

the firm for future operations. Paper 2 deals with the topic of changing search behavior by 

shifting from exploitation to exploration with the organization as the unit of analysis. Paper 3 

deals with the topic of how search behavior among individuals can be affected by the design 

of incentive structure designs in re-combinatory task settings. This means that Papers 1, 2, and 

3 investigate elements directly related to the problem-solving process in terms of observed 

search behavior. Figure 2 illustrates the theoretical understanding of “search behavior” that the 

papers build on, and the following sections further outline the theoretical framework and how 

the individual papers relate to it.  

 

Figure 2: Theoretical understanding of “search behavior” 
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Classifications of search behavior 

Though all three papers deal with search behavior, they all investigate it with different aspects 

of the kind of search behavior in focus. This indicates that search behavior is a complex con-

struct consisting of multiple different types. The construct including its essential components 

is outlined in Figure 2, but in order to fully understand search behavior, it is important to un-

derstand the underlying assumptions behind it, originally stated in the Behavioral Theory of 

the Firm (Cyert & March, 1963). The following text paragraph outlines the assumptions and 

different aspects of the construct on a general level followed by a brief summary of which 

aspects of the theory the papers in this dissertation focus on within the theoretical framework. 

A general introduction to the theory is necessary in order to position the papers theory-wise 

and show how they complement each other by applying different parts of the theory.  

 

Search for solution alternatives exists due to bounded rationality among decision makers. This 

means that an agent does not have all the necessary information and cognitive processing power 

to evaluate future performance-related consequences of all possible solution alternatives to a 

problem or task before a solution is chosen (March & Simon, 1958; Simon, 1955, 1957). As 

performance related consequences are not known before a decision is made, an agent must 

engage in search activities as a continuous process in order to learn the performance-related 

consequences of the solution alternatives (Cyert & March, 1963; Levinthal & March, 1981). 

These search activities have further been classified into three distinct categories: i) problemistic 

search,  ii) slack search, and iii) institutionalized search (Argote & Greve, 2007; Chen & Miller, 

2007; Cyert & March, 1963; Posen et al., 2017). Problemistic search is search behavior trig-

gered by inadequate performance with the aim of restoring performance to the aspired level. 

Agents form aspiration levels of performance, which can be understood as the goals that they 

aim to reach. Aspiration levels do not necessarily reflect optimal performance but should be 
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understood as reflecting “good enough” or satisficing performance outcomes (Cyert & March, 

1963; Posen et al., 2017; Simon, 1955, 1956). Another category of search is slack search, which 

is triggered by an accumulated amount of resources (e.g., financial) due to performance above 

aspiration levels (Cyert & March, 1963; Greve, 2003, 2007). Resource slack provides firms 

with excessive unanticipated resources at hand, leading them to experiment with and search 

for different solution alternatives in their problem-solving activities compared to those cur-

rently applied (Cyert & March, 1963; Greve, 2003, 2007; Xu et al., 2019). Institutionalized 

search is a search process that exists in organizations as a routinized activity and is not neces-

sarily triggered by anything (Chen & Miller, 2007; Posen et al., 2017). These three categories 

lead to two types of searches that agents can apply within them, namely experiential search and 

cognitive search. Both experiential search and cognitive search are directly related to the three 

aforementioned categories, as they are activated when an agent is within one of the categories 

(Chen, 2008; Cyert & March, 1963). Experiential search is a search process wherein the agent 

will search based on on-line experimentation. This should be viewed as outer world search, 

meaning that the agent will apply a solution alternative to a problem, resulting in performance 

feedback received and interpreted by the agent, who then afterwards must decide whether to 

apply a new solution alternative or stick to the previously applied one to solve a particular 

problem (Cyert & March, 1963; Gavetti & Levinthal, 2000). Cognitive search, on the other 

hand, is a search process where the evaluations of solution alternatives are done off-line, mean-

ing that an agent will not explicitly experience performance feedback during the search process, 

but instead will cognitively through mental models generate and evaluate possible performance 

outcomes of solution alternatives (Cyert & March, 1963; Gavetti & Levinthal, 2000). When 

agents search within the different categories and types of searches, they can, according to this 

theoretical framework, apply three different search strategies: i) analogical reasoning, ii) ex-

ploitation vs. exploration, and iii) heuristics. These strategies should be considered tools that 
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an agent applies in the search for solution alternatives to a particular problem (Chen, 2008; 

Cyert & March, 1963; Gavetti et al., 2005; Greve, 2018; Magee, 2005; Posen et al., 2017). 

Analogical reasoning as a strategy refers to an agent applying and utilizing prior experience 

and knowledge in a novel and completely different problem-solving context (Gavetti et al., 

2005; Magee, 2005). Another search strategy is the trade-off between exploitation of existing 

resources and capabilities and exploration of new resources and capabilities in the generation 

of solution alternatives. When an agent applies solution alternatives, he or she must decide 

whether to exploit existing resources and capabilities and thereby make refinements to already 

existing solution alternative, or whether to explore new resources and capabilities and thereby 

try significantly different solution alternatives to a particular problem (Billinger et al., 2021; 

March, 1991). A third search strategy is the use of heuristics, or cognitive representations, 

which constitute mental models reflecting premade mental representation of which solution 

alternatives will lead to which outcomes. In using this this search strategy, an agent will gen-

erate solution alternatives based on these premade mental filters, which are formed based on 

previous performance feedback (Gavetti & Levinthal, 2000; Magee, 2005; Newell & Simon, 

1976). All of these search strategies will in the end affect the performance outcome.  

 

All three papers comprising this dissertation operate within the theoretical domain of investi-

gating different elements of search behavior and problem-solving. Paper 1 focuses on cognitive 

search as a search type. This paper complements the other papers in terms of the time horizon 

by focusing on a long-term term perspective on search behavior, while Papers 2, and 3 focus 

on the short- and medium-term. It is of great importance to account for different time horizons 

ranging from short-term to long-term regarding search behavior, as this leads to higher firm 

performance (see e.g. Judge & Spitzfaden, 1995). Having a long-term oriented perspective on 

search behavior (as in Paper 1) thereby complements the other papers by generating a greater 
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and more nuanced understanding of search behavior. Papers 2 and 3 particularly investigate 

problemistic search as a search category, focusing on experiential search as search types and 

exploitation vs. exploration as search strategy. These two papers complement each other by 

focusing on the same parts of the theoretical framework with two different units of analysis. 

Paper 2 has the organization (the firm) as the unit of analysis, providing a perspective on how 

firms on an overall level can ensure proper balance in exploitative and explorative search be-

haviors. Paper 3 complements Paper 2 by having the individual as the unit of analysis, provid-

ing a perspective on how firms can implement a given balance between exploitative and ex-

plorative search behavior in the organization through its employees by applying incentives as 

a mean. Individuals are the unit of analysis contributing to a micro perspective understanding 

of search behavior. 
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METHODOLOGICAL APPROACHES 
 
Figure 3: Overview in terms of methodology and status of research papers  

 

 
 
Methodology is divided into multiple levels all connected hierarchically. The first and broadest 

level pertains to ontology describing the researcher’s understanding of reality and the world. 

The second level concerns epistemology describing the researcher’s understanding of what 

knowledge is. These two levels then affect the specific methodological choices in terms of the 

research designs and methodologies applied to investigate a phenomenon (Slevitch, 2011). The 

ontological and epistemological standpoint in this dissertation is grounded in post-positivism. 

Here it is acknowledged that there exists an objective reality that we can only strive to uncover, 

meaning that research brings us closer to understanding reality, but we are unable to uncover 

it fully. Knowledge is therefore considered a silhouette of the objective phenomena not possi-

ble to be objectively understood fully. This means that humans produce knowledge via conjec-

tures based on existing evidence of the investigated phenomenon. These conjectures will there-

fore be updated as new evidence is discovered (Clark, 1998; Cresswell & Poth, 2018; Slevitch, 
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2011; Wildemuth, 1993). Translated into the context of this dissertation, search behavior is the 

central phenomenon investigated from multiple angles. Though search behavior is considered 

an objective phenomenon, attempting to uncover the full truth about it would be an impossible 

task, as search behavior in practice is human behavior, which is complex (Box-Steffensmeier 

et al., 2022; Cyert & March, 1963). Nevertheless, this dissertation, while acknowledging its 

limitations, contributes with knowledge that helps further our current understanding of the phe-

nomenon. Prior literature also acknowledges the complexity of this construct with different 

operationalizations being applied, all contributing to a better understanding of the construct. It 

has previously been operationalized as a binary measure (see e.g. Banerjee et al., 2018), a con-

tinuous measure (see e.g. Billinger et al., 2014; Lee & Meyer-Doyle, 2017), and a measure 

divided into steps (see e.g. Billinger et al., 2021). The research in this dissertation is based on 

prior evidence and applies previous conjectures regarding search behavior, thereby contrib-

uting to an updated understanding and generating new knowledge on the subject. This has been 

done in Paper 1 by synthesizing the results of other papers on cognitive search and foresight, 

building new knowledge by summarizing earlier findings on the topic and then discussing pos-

sible future research paths based on these. In Papers 2 and 3, earlier findings and conceptuali-

zations of search behavior in the context of problemistic search have been applied as a foun-

dation for the new knowledge that these papers contribute. Theory and findings on how aspi-

ration gaps lead to search and explorative search is fundamental to Paper 2, explaining why 

managers would want to explore earlier than the board of directors, as the aspiration-perfor-

mance gap is crucial for such decision, as previously outlined (Cyert & March, 1963). Earlier 

findings and a conceptualization of search behavior as a two-step process (Billinger et al., 

2021) has been applied in Paper 3 as a foundation on which to build its contributions.  
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The post-positivistic philosophy in the context of ontology and epistemology is also reflected 

in the methods applied in this dissertation. Post-positivism recognizes the need for multiple 

methodological approaches, both qualitative and quantitative, in order to understand a phe-

nomenon as objectively and fully as possible (Wildemuth, 1993). This is also reflected in the 

methodological approach of this dissertation, where primarily quantitative but also qualitative 

methods have been applied in a mixed-methods approach (Johnson & Onwuegbuzie, 2004). 

Qualitative methods are applied in Paper 1, with the focus on synthesizing the content of mul-

tiple papers by reviewing and systematically categorizing the content of central papers on the 

relevant topic. Paper 1 thereby explores the research on foresight in depth and condenses the 

main points into an overview of the literature on the topic. Research questions in Papers 2, and 

3, both employ quantitative methods by means of system dynamics models and randomized 

controlled trials, which are suitable, as the papers all test theory and aim to make generalizable 

and replicable findings (Johnson & Onwuegbuzie, 2004). The advantage of the mixed-methods 

approach in this dissertation is a more nuanced and multifaceted investigation and thereby un-

derstanding of the search behavior phenomenon (Johnson & Onwuegbuzie, 2004).   

 

Paper 1 focuses on outlining in synthesized form the developments of the literature on a par-

ticular part of the search process, cognitive search, which happens when organizations perform 

foresight activities. By identifying articles within the predefined scope of foresight and synthe-

sizing the content of these articles across decades, Paper 1 provides an overview of the devel-

opments in the literature. It thereby contributes to an understanding of how the literature has 

evolved regarding topics and methods investigated over time and fertilizes the discussion of 

possible future research venues for the literature stream. A systematic literature review is there-

fore applied as the research design and methodology, utilizing a rigorous step-by-step approach 

to ensure that relevant literature is identified in a transparent and objective way. The process 
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begins broadly with the identification of relevant keywords as a basis for searching for articles 

in databases. This initial collection of articles is then manually filtered using predefined inclu-

sion and exclusion criteria. Following this process, additional articles may be added to the final 

sample due to the use of forward or backward snowballing, where articles are identified based 

on whether they cite or have been cited by others. After this step, the author(s) will have the 

final sample of articles ready for a review, and the content can be synthesized (Becker & 

Axhausen, 2017; Booth et al., 2016; Tranfield et al., 2003). 

 

System dynamics simulation modelling is applied in Paper 2. This method is relevant to apply 

when the aim is to investigate environments with multiple interacting elements part of a com-

plex system containing feedback and time delays (Gary et al., 2008; Sterman, 1989). Especially 

when investigating the effects of particular changes in environments on the rest of the environ-

ment, system dynamics simulation models as a method become relevant (Larsen & Lomi, 

2002). Environments in system dynamics modelling, such as organizations, are modelled in a 

way where all the key elements are first mapped. The interactions among the key elements are 

thereafter modelled with feedback loops showing how the elements relate to and affect each 

other. This will altogether create a representation of an environment, which, by varying the 

presence of the individual elements, makes it possible through simulations to investigate the 

effects on all the other elements (Larsen & Lomi, 2002; Lomi et al., 2005; Lomi et al., 2010; 

Sterman, 1989). Paper 2 has the organization as the unit of analysis, representing an environ-

ment containing multiple important elements regarding its exploitation and exploration activi-

ties, e.g., earnings, aspiration level, etc. When investigating particular relations among the 

board of directors and the management team regarding timely investments in exploration, it is 

beneficial to map the important elements that affect and are affected by decisions on this topic 

in order to understand the consequences of the decisions made (Walrave et al., 2011, 2015). 
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System dynamics modelling is considered the appropriate method to apply in this paper, as the 

organization is the unit of analysis and the decisions regarding exploitation and exploration are 

complexly interrelated among multiple organizational elements, which all together affect each 

other as parts of one system. This methodology enables the investigation of the different 

changes of monitoring costs and bonding investments as isolated elements on the entire envi-

ronment that they are parts of. Furthermore, previous literature on the trade-off between ex-

ploitation and exploration with the organization as the unit of analysis has applied and validated 

this method for investigating the topic (Larsen & Lomi, 2002; Walrave et al., 2011, 2015). 

 

Paper 3 investigates the effects of incentive structure designs on search behavior. Like Paper 

2, Paper 3 also investigates effects of certain constructs on others, but it differs in the unit of 

analysis and the scope of on what the effects are tested. Paper 2 has the organization as the unit 

of analysis and tests relations interrelated in a system, where the dynamics of the system are 

relevant and therefore the systems dynamics methodology is appropriately applied. Paper 3 

focusses on individuals as the unit of analysis and tests specific elements on particular individ-

ual behavior, meaning the tested relations are more isolated than those in Paper 2. Therefore, 

randomized controlled trials, i.e., experiments, offer a more suitable methodology for these 

papers. This methodology tests isolated cause and effect relations, meaning one can claim cau-

sality when testing certain relations by applying this method (Lonati et al., 2018; Roth, 1986). 

The investigated population is divided into experimental groups in a controlled environment, 

where one is always a control group and the other group or groups receive the experimental 

treatment(s). When doing so, it is possible to claim that, due to random allocation of individuals 

into the different experimental groups, where the only difference is the treatment, there will be 

a causal link between the treatment and the variable measured (Lonati et al., 2018; Roth, 1986). 

The treatments in Paper 3 are different incentive structure schemes containing bonuses 
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designed differently, while the control group receives only a fixed payment. Causal links are 

established among the different incentive structure designs and search behavior. 
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Abstract 
 
On the occasion of the 50th anniversary of Technology Forecasting & Social Change, we 

review the evolution of corporate and organizational foresight within the journal and look 

ahead to the coming decade. We apply a systematic literature review process to identify the 

major contributions in this area of foresight theory and practice spanning five decades and 

present a thematic summary of these articles. We reveal the concerns of authors as they have 

sought to apply foresight in corporations, organizations, and institutions; how they have at-

tempted to resolve the concerns; and the progress the authors have made. We discuss how 

these authors have cumulatively defined and evolved this portion of the strategic foresight 

field, from integrating technology with market forecasting, to expanding forecast approaches 

to include multiple futures and integrating foresight to create agile and adaptive organizations. 

We use this as a base for discussing current priorities and future challenges in corporate and 

organizational foresight and suggest three trajectories for further research: (a) further advanc-

ing organizational foresight practices; (b) connecting organizational foresight to strategy 

practice and theory; (c) and connecting organizational foresight to innovation, engineering, 

and R&D management practices and theory. 

 
 
Highlights 

 
• 50th anniversary review charts the evolution of corporate and organizational foresight 

in TF&SC 
 

• Highlights 32 key contributions to corporate and organizational foresight through five 
decades 

• Assesses current priorities and future challenges for foresight in organizations 
 

• Suggests three future research trajectories for this field in the coming years 
 
 
Keywords: Corporate foresight; organizational foresight; literature review; forecasting; plan-

ning; technology roadmapping; futures; discontinuities; scenarios
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Introduction 
 
In this paper we present and discuss this journal’s contribution to the development of corpo-

rate and organizational foresight since 1969. Our threefold aim is (a) to revisit significant 

early papers that have enduring relevance to this part of the foresight literature, (b) to show 

the arc of development of this portion of the foresight field over time and how this journal 

has contributed to it, and (c) to anticipate future development trajectories. 

We define corporate and organizational foresight as the application of futures and foresight 

practices by an organization to advance itself; that is, to fulfill its purpose and achieve success 

on whatever terms it defines such success. While much knowledge has been produced on how 

to conduct foresight, less attention has been given to how foresight is integrated with a firm’s 

strategic planning processes, innovation, and operational activities. Beyond perceiving and 

making sense of external change, to fully benefit from foresight, institutions need to integrate 

this knowledge into their innovations and organizational transformation processes. Our frame 

of reference includes all forms of constituted organizations or institutions: for-profit, non-

profit, and wider-purpose institutions. In this regard, the term corporate is understood both 

in its common use, as shorthand for a commercial conglomerate, and with reference to its 

etymological roots (from Latin—corpus, a body). In this, we have referenced and limited our 

scope to those organizational “bodies” that apply foresight in-house. Such applications can 

vary from increasing value-creation within an organization, commercial returns or competi-

tive advantage in an industry, or the broader sense of contributing to organizational decision-

making and ability to act successfully within a context of future environmental uncertainty. 

In-house also includes the use of foresight across an organization’s subunits, across a net-

worked organization, or wherever an identifiable organization framework is acting for itself. 

In making these clarifications and delimitations, we continue to use the definition of corpo-

rate foresight as used in this journal in the 2015 special issue on corporate foresight: 
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Corporate foresight is identifying, observing, and interpreting factors that induce 

change, determining possible organization-specific implications, and triggering ap-

propriate organizational responses. Corporate foresight involves multiple stakehold-

ers and creates value through providing access to critical resources ahead of compe-

tition, preparing the organization for change, and permitting the organization to steer 

proactively towards a desired future. (Rohrbeck, Battistella, & Huizingh, 2015). 

We have undertaken a systematic literature review to identify the contributions that have 

made a lasting impact on the journal and the field, which is explained in the methods section 

that follows below. We subsequently provide a thematic discussion of the contributions of 

the major papers, organized by decade. We conclude with a view to further challenges in 

understanding and improving corporate foresight and a view on how these challenges may 

be met. 

 
 
 
Research Design and Methodology 
 
We have undertaken a systematic literature review (Booth, Sutton, & Papaioannou, 2016; 

Tranfield, Denyer, & Smart, 2003). In our research design, our imperative was to reveal the 

most impactful papers in the area of corporate and organizational foresight published in Tech-

nological Forecasting & Social Change during the past 50 years. By repeating the systematic 

review process for each decade independent of the others, we have sought to give equal con-

sideration to early papers, on the understanding that our purpose here is to recognize these 

foundational contributions, both in themselves and in the way the contributions have laid the 

groundwork for subsequent studies. 

The article search-and-filtering process is illustrated in Figure 1. The first step was to identify 

the total population of articles in the journal that have contributed to corporate and 
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organizational foresight. We limited our search in the Web of Science database to this journal 

and focused it using six keywords and phrases: “Corporate Foresight,” “Strategic Fore-

sight,” “Organization,” “Organisation,” “Firm,” and “Planning.” The search results in-

cluded 828 articles. We grouped these into five decades: 1969–1979, 1980–1989, 1990–

1999, 2000–2009, and 2010–2018. In the next step, we aimed to identify the most influential 

articles in each decade, which we accomplished by selecting the 15 most highly cited publi-

cations from each decade. 

 

 

 

 
Figure 1. Filtering process of the systematic literature review 

 
 
 

In the third step, we manually excluded papers that were not primarily or sufficiently related 

to the core aim of our study. The manual filtering was performed by implementing a series 

of four exclusion criteria, as represented in Table 1. 

 

 

 

 

 

 

 

 

Initial Sample 
Top-cited 

Articles 
Manual Filtering Final Sample 

Search within TFSC, 1969- 
2018 by keywords: 

■ Corporate Foresight 

Selection of the Top 15 
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Table 1. Filter criteria for manual filtering 

 

 

Cumulatively, after these three steps, 25 publications remained for closer study. These articles 

fulfilled our primary criteria, allowing our study to address itself to publications that are (i) 

closely related to the topic of corporate and organizational foresight; (ii) influential, as judged 

by citations; and (iii) equally distributed across the 50 years of the journal’s publication his-

tory. In the fourth step, we added articles through backward-and-forward snowballing, start-

ing from the 25 articles identified in step 3 and adding well-cited papers (in the journal) from 

the identified papers. Seven papers were added in this step. An overview of the selected pub-

lications is provided in Appendix 1. 

 
 
 
Summary Review 
 
The following section identifies the key concerns, methods, and solutions apparent in papers 

from each decade in the journal, in regards to the area of corporate and organizational fore-

sight, selected by the process above. 

 
 

 
 

 

Exclusion criteria Description  No. of 
excluded 
articles 

Foresight for third-party use Publications that demonstrate use of foresight techniques at 22 
levels beyond the organizations, for example, by use in the 
development of national policy. 

Unrelated to corporate 
and organizational 
foresight 

Publications are not related to the topic area of corporate and 15 
organizational foresight, as defined above. 

Methods development only Publications that exclusively focus on foresight method 10 
development but which do not discuss the application of 
foresight to furthering the goals of an organization. 

Non-full publications Publications that are not full papers (e.g., notes, comments, or 3 
book reviews).
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1969–1979 

In the 1970s, the most-cited articles wrestle with the question of how technological forecast-

ing can be connected to organizational decision-making and planning processes. William 

Swager of the Battelle Memorial Institute, a private science and technology development com-

pany, responds in 1972 to the problem of technology forecasting not fulfilling its promise to 

influence business plans or decision-making and observes “a growing wave of disillusionment 

and questioning” in the forecasting community (Swager, 1972a). For Swager, the problem is 

not that forecasts are being poorly done; rather, it is that they are decoupled from the planning 

process. If technology forecasting is not directly connected to the decision- making processes 

of the organization, “there is no basis for determining what should be forecast, when a forecast 

must be available in order to be useful, or how much time and effort can be devoted one area 

of technology compared with another” (Swager, 1972a). Swager is to redress this disconnect 

in a three-paper series (1972–1973) of which Strategic Planning 1: The Roles of Technologi-

cal Forecasting is the first, and outlines steps toward building what he calls a “systematic 

two-way interaction” (foresight in iterative relationship with planning) throughout the organ-

ization. In doing this, he rests in part on A Method for Integrating Goals and Technological 

Forecasts into Planning (Cetron, 1970), which details technological forecasts generated by 

the US Naval Civil Engineering Laboratory to inform its internal decisions for research and 

development (R&D) funding. According to Cetron, for a forecast to be of genuine use, the 

question “becomes one of allocation of resources of men, money, and materials,” that is, shift-

ing attention “from the technical specialist to the agency head, the head of research, and the 

agency planners. The data must be fitted into their overall planning approach if it is to be 

really useful” (Cetron, 1970, p. 29). 

Swager’s second paper, Policy Options (1972b), introduces a “Perspective Trees” tool to 

structure sets of social, economic, political, and technological forecasts that pose threats and 



43  

present opportunities for management consideration. The point of perspective trees is to trans-

form forecasting from a generic, external process to one that is driven by the needs of a firm’s 

managers and planners. The perspective tree addresses items such as “what forces of change 

will affect the business” and “what forecasts are needed to define better what (the) possibilities 

might be.” His third paper, Objective Trees (Swager, 1973), introduces and describes how this 

refinement of the tool can be used for structuring and clarifying options in decision-making 

and selecting strategies. Taking a Battelle client as a case study—a concrete panel manufac-

turer interested in organizing an R&D program—Swager demonstrates his objective tree 

method, starting with intermediate- level management objectives and working backward to 

R&D needs. In 1970, this technique was partially introduced by Swager in association with 

William Sheppard—also of Battelle—in Relevance Analysis in Research Planning (W. J. 

Sheppard, 1970). Here the authors are concerned with how firms choose the topics of their 

R&D projects. Orientation of research toward the solution of problems or exploitation of op-

portunities requires, in their terms, attention to the question of “what do we forecast?” (What 

will be valid terrain for R&D investment?). This question is answered by way of Batelle’s 

“relevance-tree technique,” by which choices to do with corporate activities; science and tech-

nology and environment (wider market and contextual issues) are narrowed by a cross-impact 

framework.  

In A Cross-Impact Model Applicable to Forecasts for Long-Range Planning (1973), Wade 

Blackman seeks to improve the decision-tree approach to sales forecasting by way of a cross-

impact analysis that can take into account the effects of uncertainty in future sales programs 

and the effects of program interaction on long-range sales forecasts. In the same year, Black-

man in New Venture Planning—Role of Technological Forecasting (1973) is similarly ab-

sorbed with the relationship between forecasting and its use, here specifically with the non-

connection between forecasting and new-venture planning, and why technology forecasting 
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appears only to have a peripheral impact on new venture decisions. For Blackman, the appar-

ent disconnect between forecasting and venturing in most firms is partially overcome by ac-

knowledging that technology considerations often exert less leverage on the success or failure 

of new product ventures “than do other factors such as market considerations, investment 

timing, competitive factors [so] consideration … must be given to the interactions between 

socio-political, economic, ecological, and technological factors which lead to the production 

of future innovations that will actually use technology, rather than the production of technol-

ogy as an end in itself.” (Blackman, 1973, p. 26). Therefore, it becomes necessary to focus 

attention on the overall system applicable to the analysis and planning of new ventures, rather 

than merely on the process of technology production. Technological forecasting needs to 

evolve into “innovation forecasting.” 

More than a decade later, Blackman (1986) extends his argument to the ways in which inno-

vation diffusion models may be built and used to evaluate technological advancements, pre-

dict the rate at which new products substitute for old in the market, and thus support decision-

making related to the commercialization of technological innovations in new venture plan-

ning. At this earlier stage, in 1973, Blackman offers a model for an integrated new-venture 

planning system, including indicating the role played by technological forecasting in some 

but not all parts of it. He refers to it as specifically oriented to the viewpoint of a firm in the 

private sector (which with minor modifications, such as the substitution of benefit–cost con-

cepts for rate- of-return, is also applicable to government planning). His model also empha-

sizes a recognition that was growing at the time in technology forecasting, for example, ap-

parent in Swager (1972b), that market factors play “a much more decisive role in the success 

of new product ventures than do technology factors.” (Blackman, 1973, p. 28–29). Therefore, 

technology forecasting is improved by integrating a wider perspective, as in the new-innova-

tion planning model Blackman advances, where the starting point is the identification of 
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future market needs, and only once these are identified, then new product concepts are for-

mulated and designed to fulfill them. Technological characteristics are projected into the fu-

ture, which corresponds to possible future needs. By orienting projections in this way, explor-

atory technology- forecasting techniques maintain congruency between the rate of develop-

ment of market needs and the rate of development of technological capability. 

 

1980–1989 

While the Delphi method is a topic of interest in the journal from the start (e.g., Turoff, 1970), 

and continues to be regularly discussed, (including a special issue dedicated to new approaches 

in 2011), there are few highly cited papers on organizational applications of the method. One 

exception is Kruus’ (1983) Utilization of Delphi Methods for University Planning, which pro-

vides a retrospective review of a Delphi study undertaken in 1970–1972 by Carleton Univer-

sity, Ottawa. The form of this particular Delphi study is normative rather than predictive and 

asks questions, such as should the university (a) try to induce changes in society or (b) avoid 

involvement in social issues; should it encourage research (a) that is oriented more toward the 

solution of real problems or (b) toward knowledge for its own sake. It asks such questions of 

nine participating subgroups, which we would nowadays call stakeholder groups, rather than 

seeking “experts” per convention of the Delphi method. The lasting interest of the paper is 

that, with the benefit of looking from a decade ahead, Kruus is able to see which stakeholders 

groups’ desired futures were actually enacted, and the direction Carleton University took was 

more in accordance with the preferences of external stakeholder groups (board of governors, 

senate, parents, alumni) than those of insiders (students and ordinary faculty). Thus, Kruus 

shows that an ex post facto Delphi review is useful in revealing where the decision- making 

control of future development of an organization really lies. 
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In SIAM: Strategic Impact and Assumptions-Identification Method for Project, Program, 

and Policy Planning (1982), George Abonyi presents a method for assessing the “social 

soundness” of projects, programs, and policies. SIAM initially emerged from a computer-

assisted socioeconomic assessment of highway infrastructure plans and is presented here as 

a model applicable to a wide range of projects and programs. By way of a SIAM assessment, 

an organization is better able to assess not only the technical and economic viability of a 

proposed project but also its strategic viability—particularly with regard to its impact on, 

and fit with, characteristics of the wider social environment in which it is to be embedded. 

Via SIAM, the assumptions about the present and future behavior of a variety of stakeholder 

interests may be anticipated and developed to better achieve ultimate project success. In 

another study on related terrain, Futures- Oriented Municipal Planning (1985), Abdul Kha-

kee presents a model for a municipal planning system that can adapt itself to different types 

of sudden change, while still taking long-term welfare goals and resource conservation issues 

into consideration. The model was, at the time, in the process of implementation in the mu-

nicipality of Västerås, Sweden. 

Later, in the 1980s, a well-cited study by the Southern California Edison Company, Planning 

for Uncertainty, a Case Study (Sioshansi & Bjorklund, 1988), is introduced by the journal’s 

editor in the following way: “The 1980s are witnessing a significant change in corporate 

planning … there is a shift in focus to planning in the presence of uncertainty. The inevita-

bility of major surprises is accepted and yields a new planning philosophy” (Sioshansi & 

Bjorklund, 1988, p. 119). In the study, Edison reviews the corporate five-year plans under-

taken between 1965–1985; while it asserts that its own technical forecasting is among the 

best in its industry, the forecasts do not come to pass and plans based on them are therefore 

worthless. 

Diagnosing that the assumptions that underlay a series of Edison predictive forecasts were 
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not robust to unforeseen external events, the paper challenges and ultimately overturns the 

validity of prediction in corporate planning in the same way the Royal Dutch Shell group 

planning did (Wack, 1985; 1985b), to which it also refers. For example, Edison’s 1965–1970 

forecast-based plan did not materialize in reality as envisioned because of the 1965 Northeast 

blackout (which changed consumer reliability demands) and subsequent passages of the Na-

tional Environmental Protection Act and the California Environmental Quality Act. The 

1970–1975 plan suffered a similar fate, failing to account for antinuclear power plant protests 

and the Organization of the Petroleum Exporting Countries (OPEC) oil embargo. With each 

initial five-year forecast developing plans that were deeply flawed, Edison reports that its first 

response was to double-down with more sophisticated forecasting models based on more ex-

tensive databases. It took more time, and further failures, to realize that more elaborate mod-

elling methods provided no more likelihood of anticipating discontinuities and, therefore, 

“were not the problem’s cure” (Sioshansi & Bjorklund, 1988, p. 120). The report details how 

Edison thus changed course to recognize that unforeseeable events were genuinely unfore-

seeable—therefore, reorienting its planning toward a scenario approach—and details how it 

developed 12 scenarios as the basis of a more flexible planning framework for the 1990s. 

In Intelligence-Driven Strategic Planning and Positioning (1988), John Sutherland also re-

sponds to the context of higher apparent external uncertainty as seen by Edison, this time from 

an American corporation’s point of view. Previously, according to Sutherland, “the main axis 

of analytical challenge was for an organization’s higher-management to decide what it wanted 

the future to look like, or what opportunities should be pursued … the contemporary era finds 

more and more American enterprises engaged in a global competitive context punctuated by 

the appearance of increasingly ingenious, aggressive and capable adversaries” (Sutherland, 

1988, p. 302). Sutherland offers a “strategic management technology” solution that transposes 

procedures used in the professional intelligence and military communities, particularly those 
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grouped under the general heading of indicator/warning-alert (IWA) operations, to corporate 

management. 

Southern California Edison’s case study is also cited by Mahajan and Wind (1989) in Market 

Discontinuities and Strategic Planning: A Research Agenda. The authors address what is, in 

their view, the current challenge confronting corporate foresight: forecasting methods based 

on historical trends and stable relationships that worked in stable times are unsuccessful at 

anticipating turning points, which are more common in unstable times. Mahajan and Wind 

(1989) bluntly state: “the practice and conduct of strategic planning … is futile unless one 

explicitly considers the nature and role of market discontinuities” (p. 197). 

For them, a business is based on the assumptions a firm makes regarding its customers, com-

petitors, and market environment. Market environment for the authors means marketing in-

stitutions and infrastructure; sociocultural environment; economic environment; political and 

legal environment; and the technological environment; for the authors, none of these can be 

forecast because “a pre-requisite of any form of forecasting, whether judgmental or quanti-

tative is that a pattern or relationship [continues to] exist concerning the event of interest.” 

(p. 194). However, while maintaining that a focus on market discontinuities is the critical 

and missing link in corporate planning for uncertain times, Mahajan and Wind do not offer 

a mechanism to illuminate such discontinuities, suggesting only that there is promise in 

“judgment methods” and calling for further research into the use of judgmental scenarios and 

expert systems. They also cite a paper that appeared in the journal a few years prior, Gam-

bling with History, However Unpleasant, Is Normal to the Human Condition” (Dror, 1986), 

which argues that uncertainty is inherent and irreducible and that “fuzzy gambles, that is, 

gambles with unknowable and jumpy rules of the game and payoffs,” (p. 186) are effectively 

the best foresight for which strategy managers can hope. Beyond this, in one of many for-

mulations that are decidedly modern and that anticipate 21st-century corporate foresight 



49  

principles, Mahajan and Wind observe that while market discontinuities tend to upset the 

strategic fit between a firm and its market environment, such discontinuities can create new 

opportunities for a firm— which may itself, therefore, seek to create market discontinuities 

to achieve competitive advantage. 

 

1990–1999 

Top-cited papers in the journal in the 1990s, with regard to foresight applied within and by 

organizations, go in two main directions. There are those that deal with problems of innovation 

and the role of foresight in this; and there are those that build on Hamel and Prahalad’s Har-

vard Business Review article Competing for the Future (1994a) and book of the same name 

(1994). Vijay Mahajan, now in authorship with Muller (1996), in Timing, Diffusion, and Sub-

stitution of Successive Generations of Technological Innovations: The IBM Mainframe Case, 

builds a model based on a close study of innovation-timing of four successive generations of 

IBM mainframe computers between 1955–1978. The authors seek to improve management’s 

judgment of the optimal time to introduce a new product by unifying an understanding of a 

technology’s processes of diffusion and the processes of substitution between the various gen-

erations of this technology. Improving timing (rather than direction) of management interven-

tions is considered a key benefit of this model. 

Although the model is partly reliant on sales forecasts, the authors do not call upon foresight 

methods, rather they turn to a technical analysis of diffusion and substitution. The a-temporal 

model they derive suggests a firm should either introduce a new generation technology as soon 

as it is available or delay its introduction until the maturity stage of the preceding generation. 

Dunphy, Herbig, and Howes, in The Innovation Funnel (1996), address the paradox that large 

companies should be able to promote internal innovation better than small companies due to 

the access to resources and scale efficiencies, but large companies do not. The authors theorize 
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that a “mature product trap” and a “sunk- cost” mentality inhibit innovation in large firms, but 

more determinant of innovation success is the way the firm is organized and managed, which 

point to successes that emerge from the creation of small, decentralized groups within organ-

izations that are relatively free of “thought patterns and search habits are highly constrained 

by the nature of the organization and the technologies already in place” (p. 287). The authors 

refer to companies successful in this regard, such as Hewlett Packard and 3M that had formed 

units that were “entrepreneurial start-ups in almost every respect” (p. 288). Du Preez and 

Pistorius, in Technological Threat and Opportunity Assessment (1999), offer a model of or-

ganizational foresight whereby scanning signals are cast into a premade framework of tech-

nological threats and opportunities. They contend that the organizational response level and 

foresight success will depend on the strength of the signal detected in conjunction with the 

extent to which the signal has already been identified to represent a threat or opportunity to 

the organization. 

Rias van Wyk, in Strategic Technology Scanning (1997), is one of the authors in the latter part 

of the decade who refers to, and is energized by, Hamel and Prahalad’s attention to corporate 

foresight. Hamel and Prahalad’s article, and the subsequent book cited above, details how little 

time senior managers of major Western companies spend considering external change (espe-

cially prospects for future change in their industries) and building a shared and tested forward 

view. Their publications came at a time when US firms were suffering significant losses of 

domestic market share to Japanese firms who had built competitive advantages in various in-

dustries (automobiles, cameras, video players, audio players). The Japanese firms’ successes 

in the 1990s are attributed by Hamel and Prahalad to the firms having enacted industry fore-

sight measures 10 or more years prior. It is the corporate foresight strategies of the Japanese 

firms from which the authors’ extract their model, which they recommend—rather than what 

was the main response of US firms at the time, which was to institute cost-cutting, downsizing, 
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and “rightsizing” initiatives that amount, in the authors’ eyes, to retreating from future ad-

vantage creation. Van Wyk (1997) offers a specific recipe for corporate foresight action in 

reference to Competing For The Future, by way of what he calls “strategic technology scan-

ning.” His approach differs from conventional technology scanning by having a greater for-

ward range: it is more concerned with “looking ahead” than “keeping abreast.” It does this by 

looking more broadly than routine technology scanning, which, according to van Wyk, is com-

monly concerned with specialized preselected fields dictated by the business or industry. In 

contrast, strategic technology scanning advocates a 360-degree orientation in rising above the 

technology details, allowing a strategic understanding of technology evolution to emerge. Key 

to this strategic understanding is being able to identify “landmark technologies,” that represent 

fundamental, evolutionary technology steps forward (analogous to an “indicator species” in 

ecology). He argues such steps are focal points for understanding the external environment, 

just as “core competencies” have become focal points for understanding internal organizational 

capabilities. He further contends that the route to superior strategic foresight for the firm is, 

therefore, to bring landmark technologies and core competencies together. This is done by way 

of a matrix framework that the author demonstrates with reference to the Danish electronics 

firm Bang and Olufsen, which reports five competencies: (1) acoustics; (2) image processing; 

(3) acoustic image integration; (4) system human interface; and (5) system artistic design. 

These are set on the horizontal axis, with landmark technologies, such as diamond-thin film, 

ceramic metal, super magnets, ultrasonic commutation, laser bonding, magnetic levitation, fly-

wheel batteries, et cetera, on the vertical axis. Associating important technologies with one or 

more particular firm competency, opens the management discussion toward developing future 

technology insights that can feed directly into corporate strategy; Van Wyk argues this process 

is also well-tailored to fit conventional procedures for strategic planning. 

In another paper that takes inspiration from Hamel and Prahalad of the mid-1990s, 
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Gausemeier, Fink, and Schlake, in Scenario Management: An Approach to Develop Future 

Potentials (1998), offer an approach to getting from scenario-creation to applying scenarios 

in a firm’s strategic management by using the example of an ATM manufacturer’s scenario 

project. The authors see five phases to the project, from formation to use, in which Step 5, 

“scenario transfer.” is where scenario formation transitions into creating corporate or busi-

ness strategies. In their model, companies can base their management planning on either one 

reference scenario (i.e., “focused planning”) or on different scenarios (i.e., “future-robust 

planning”), and each of these can be carried out in one of three ways, depending on the spe-

cific planning situation and the corporate culture of the company (in this way the scenario 

transfer can be adapted to management culture). 

•  Planning-oriented strategy, based on the belief that some environmental changes 

can be predicted; therefore, strategists can take specific actions in anticipation of 

forthcoming changes. 

• Responsive or preventive strategy, in which the emphasis is on reacting to environ-
mental changes. 

 
Uncertainty is accepted, and the aim is to cope with unforeseen change. 

 
• Proactive strategy, where strategists attempt to shape the environment in a desired 

direction so that unwanted changes will be less likely to occur. 

 
In 2000, in a work that is technically in the next decade by our study but that very much 

belongs in the extended debate related to scenarios in the 1980s and 1990s, Michel Godet, in 

The Art of Scenarios and Strategic Planning: Tools and Pitfalls (2000), brings the notion of 

La Prospective to issues of corporate foresight and planning. Much of this work is based on 

French foresight work from earlier decades, only documented later in English-speaking jour-

nals; in fact, La Prospective and its component parts, “preactivity” mastering expected change 

and “proactivity” aiming to bring about a desired change, are only fleshed out a decade later 
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in the journal (Durance & Godet, 2010; Godet, 2010). In 2000, Godet advances the notion of 

a normative or goal-led future, where the organization’s goal directs its future thinking and 

use of foresight in strategy formation (in his terms, “the dream fertilizes reality”). In setting 

out what he calls “strategic prospective,” Godet refers to example initiatives of this in the 

French armament department (Direction Générale de l’Armament); the French electrical com-

pany (EDF); and the AXA Insurance Group, France. The chief tool involved in achieving 

strategic prospective is the matrix of cross impact multiplications applied to classification 

(MICMAC) method, by which separation of an exploratory phase (called “future stakes”) 

from a normative phase is enacted during scenario construction and provides a base for nor-

mative strategic action. 

 

2000–2009 

The 2000s usher in an era where article citations in Technology Forecasting & Social Change 

ramp up tenfold, primarily due to Internet-based visibility and ease of access (Linstone, 2011) 

but also, in no small part, due to the journal’s own growing importance. During this decade, 

technology roadmapping is ubiquitous among highly cited papers related to corporate and 

organizational foresight, and preeminent among these is Technology Roadmapping—A Plan-

ning Framework for Evolution and Revolution (Phaal, Farrukh, & Probert, 2004). Technology 

foresight-related mapping had been around in recognizable form since the 1970s, in use at 

companies such as Motorola, Phillips, Lockheed Martin, and others in technology- intensive 

industries. In the 2000s this becomes a methodology that seeks to structurally integrate scan-

ning, communication, and knowledge management techniques into the strategy and business 

planning domains— aligning technology and commercial perspectives. According to the au-

thors, technology-business integration reflects the increasing importance of technology and 

technology-management in firms’ searching and planning for a competitive advantage, 
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therefore, the importance of its place in the corporate strategy process in the context of chang-

ing market demands, new risks, and greater industry competitive dynamics. In this context, 

Phaal et al. (2004) present technology roadmaps as a structured, temporal, and graphical way 

to represent and explore the simultaneous relationships between (evolving) markets, products, 

and technologies and, within a company, a tool that integrates what is known about these 

dimensions at different levels of the firm into a framework that sustains dialogue and informs 

decision-making. The authors introduce their “fast- start” method (a way to rapidly initiate 

roadmapping in organizations), developed via 20 of their own in- company collaborations, 

and use the illustrative short case of Domino Printing Sciences, UK, to illustrate it. 

 
Building on this in An Architectural Framework for Roadmapping: Towards Visual Strategy, 

Phaal and Muller (2009) pay attention to improving roadmap design, showing how to align 

the structure and process with company objectives. In doing this, the key initial step for Phaal 

and Muller is to formally understand the strategic context that, according to them, is best done 

by a small process team, members of which are “perceptive to change and opportunities, ‘out-

of-the-box’ thinkers, visionary by nature” (p. 41). From this base, it is suggested that the 

mapping process add other groups, such as engineers or scientists who investigate the tech-

nology, and groups such as senior management, customers, or other decision-makers. In this 

way, the roadmap fuses different inputs into a time-based, multilayered chart that enables the 

various functions and perspectives within an organization to be aligned, and so forms a gen-

eral-purpose “strategic lens” through which a business’ strategic evolution can be viewed. 

Technology roadmapping is also broadened in application scope for different levels of analy-

sis, supporting strategy at national, sector, or firm levels, which require different levels of 

granularity, meaning that map design must be configured and sequenced to suit the level that 

is being addressed. 
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In Technology Roadmapping in Review: A Tool for Making Sustainable New Product Devel-

opment Decisions, Petrick, and Echols (2004) adopt a technology roadmapping framework to 

challenge and extend company decision-making about the future that, according to the au-

thors, too often rests on financial or traditional supply chain parameters. Where firms make 

product development decisions based on, for example, incremental ROI or are constrained by 

seeking recovery of sunk costs, they become trapped in short-term technology investment. 

By contrast, technology roadmaps allow management decisions to be freed up to see and 

invest in “technological trajectories.” The authors report on how Honeywell used digital 

roadmapping software to successfully coordinate its investments in new technology and prod-

uct offerings, particularly by collecting linked technologies, components, and subassemblies. 

The software organizes these developments in terms of timing, financial commitment, and 

technical uncertainty. The company also tied its stage-gate innovation management system to 

the roadmapping process, therein improving the sequencing of decision-making events and 

investments. In Customization of Technology Roadmaps According to Roadmapping Pur-

poses: Overall Process and Detailed Modules, Lee and Park (2005) address the issue of cus-

tomizing roadmaps for different purposes, such as forecasting, planning, and administration, 

or to fit particular needs or accommodate unusual circumstances. Specifically, they propose 

a modular method for the “mass customization” of roadmaps to accommodate specific man-

agerial needs and environmental conditions. In the basic combination, four types of product 

roadmaps are suggested: the product family map (the entire product platform being produced 

at the present time), the product planning roadmap (future plans for product introduction in a 

specific platform or a product family over time), the product driver map (interpreting a prod-

uct in its market view), and the product evolution roadmap (the changing features of customer 

needs.) Following the same logic, four types of roadmaps for technology are suggested: the 

technology portfolio map, the technology prospect roadmap, the technology position map, 
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and the technology trend map. In choosing and interactively using these sub-maps, managers 

can customize their roadmap requirements to their businesses’ situational and strategic con-

texts. 

 
In Roadmapping a Disruptive Technology: A Case Study (The Emerging Microsystems and 

Top-Down Nanosystems Industry), Steven Walsh (2003) orients roadmapping toward indus-

try-disruptive technologies. Observing that most roadmaps focus on sustaining technologies 

for firms with a mature sales base, Walsh modifies technology roadmapping for an interna-

tional industrial microsystems and top-down nanosystems roadmap (IIMTDNR) study, 

which includes approximately 400 firms over five continents and forms the basis of the gen-

eralized model for disruptive technology roadmapping he proposes. His disruptive technol-

ogy roadmap does not “artificially limit the scope of the technology and market focus of a 

disruptive technology base” (p. 180), rather it embraces a wider range of stakeholders in a 

more proactive manner than standard roadmapping efforts. Further, a disruptive technology 

roadmap is based on any firm’s own nascent competencies, and specifically seeks, via the 

roadmapping process, to “speed up” the disruptive technology emergence and commerciali-

zation it can bring to the industry. 

 

2010–2018 

In this decade, corporate and organizational foresight evolves into a discussion about the 

elements of foresight practices that create strategic advantage. In An Evaluation Framework 

for Technology Transfer of New Equipment in High Technology Industry, Lee et al. (2010) 

provide a framework with which to value technology transfer involved in new equipment 

purchases in the thin-film-transistor liquid-crystal display (TFT-LCD) industry in Taiwan. 

The key interest from a futures point of view is the selection and demonstration of a “Fuzzy 

Delphi” method, rather than the standard Delphi technique, with the advantage of the former 
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being it can “deal with fuzziness and vagueness in experts’ expressions and reduce the num-

ber of rounds in facilitating the formation of a group judgment” (p. 136), as shown in appli-

cation to the project. 

In Corporate Foresight: Its Three Roles in Enhancing the Innovation Capacity of a Firm, 

Rohrbeck and Gemünden (2011) observe that foresight studies do not ensure the success of 

foresight in a corporate context. Therefore, they argue that it is important to view matters from 

the users’ perspectives for the results of such exercises; on such a basis, it is possible to ad-

vance the use of foresight to create value and to increase the competitiveness of a firm. Par-

ticularly, the paper considers the contribution of foresight to company innovation. By way of 

19 multinational corporate cases, the authors identify contributions that foresight makes to the 

innovation, which they organize into three types: 

• the strategist role, whereby corporate foresight directs innovation activities by 

providing strategic guidance, facilitating internal discussions, judging the size of op-

portunities, repositioning portfolios, and identifying new business models; 

• the initiator role, in which corporate foresight assists innovation initiatives by 

identifying new customer needs, technologies, or product concepts, in so do-

ing “feeding the front end of the innovation funnel”; and 

• the opponent role, by which corporate foresight assists innovation by challenging 

assumptions and worldviews that are not commonly addressed within the com-

pany, which often form the basis of legacy projects vulnerable to disruption. 

The role of foresight in company innovation continues as a theme in Rohrbeck and Schwarz’s 

The Value Contribution of Strategic Foresight: Insights from an Empirical Study of Large 

European Companies (2013), where the authors see its use in articulating and reducing the 

level of uncertainty in R&D projects, enhancing the understanding of customer needs and of 

the market, identifying potential customers, and identifying opportunities and threats 



58  

regarding product and technology portfolios. Looking beyond innovation, this study explores 

the empirically observable value creation of strategic foresight activities in 77 large multina-

tional firms and so builds a framework for understanding foresight’s value contributions as a 

whole (therein also suggesting how firms may increase the likelihood of achieving such con-

tributions.) 

In Strategic Foresight in Corporate Organizations: Handling the Effect and Response Un-

certainty of Technology and Social Drivers of Change, Vecchiato and Roveda (2010) argue 

the literature on corporate foresight is overly focused on the techniques and practices for an-

alyzing “state uncertainty,” that is, the likely path of evolution of emerging drivers, rather 

than “effect uncertainty” (i.e., the impact of drivers of change on the competitive position of 

the firm) or “response uncertainty” (i.e., how to take advantage of change drivers). Their field 

research into large companies (Kodak, Nokia, Luxottica, and Starbucks) indicates that, not-

withstanding that these firms assessed the likely evolution of relevant drivers of change in 

their industries (using roadmaps, scenarios, Delphi, relevance trees, trend-impact analysis, 

cross-impact analysis, simulation modeling and systems dynamics, and game theory) to over-

come state uncertainty, the companies often failed in handling effect and response uncer-

tainty. The paper calls for research streams in managerial cognition and cognitive traps and 

pitfalls, specifically, establishing a distinction between a “sustaining approach” and an “an-

ticipatory approach” in corporate foresight. A sustaining approach conceives the evolution of 

a business and its industry context as a linear extrapolation of the current situation, therein 

elucidating strategic questions, such as how can we adapt the value chain to a driver of 

change; how can we leverage this driver to improve our products and services and to enhance 

the customer needs we traditionally served; and how can we embed the driver in the tradi-

tional business model, thus capitalizing on traditional resources, processes, and culture. While 

such an approach works in linear future situations, it may create a strategy that is vulnerable 
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to discontinuous or disruptive changes. In order to upgrade performance when dealing with 

effect and response uncertainty in discontinuous situations, the authors propose that “the 

driver itself” (driver of state uncertainty), rather than the industry structure, be prioritized in 

strategic thinking (this being their anticipatory approach model) and used as a basis for de-

termining what new industry configuration best matches these drivers; in this way, a success-

ful application of effect and response uncertainty may be achieved. 

This paper is followed by Vecchiato’s (2012) Environmental Uncertainty, Foresight and Stra-

tegic Decision Making: An Integrated Study, which researches the firms Royal Dutch Shell, 

Nokia, BASF, and Philips. It examines the drivers of change in each firm’s industry during the 

prior two decades and each individual firm’s foresight system, defined as “the overall method-

ological and organizational frameworks through which companies coordinate their foresight 

efforts and activities” (p. 436). The argument turns on the distinction between “complexity” 

and “dynamism” as the determinant of environmental uncertainty. It is proposed that Shell and 

BASF faced uncertainty of the complexity type. As a result, they appropriately developed and 

refined scenario-based management systems, in which managing uncertainty encompassed all 

drivers of change and their mutual connections. Such efforts consist of a long and complex 

process, reflecting the complexity of the business environment; time horizons are usually 15–

20 years or even longer, matching the payback period of these firms’ substantial capital invest-

ments. In contrast, the paper argues that Nokia and Philips faced uncertainty of the dynamism 

variety. As a result, it was appropriate for them to develop different foresight systems that “aim 

at: i) identifying trends and disruptive drivers of change to strategy formulation; ii) act as a tool 

for identifying new business opportunities and driving organizational renewal” (p. 441). In this, 

managing uncertainty is oriented to focus on the impact of selected drivers and how to exploit 

the new market opportunities they open up. In such companies, the dynamic foresight system 

is quick and flexible, matching the environment’s pace of change, and time horizons are 
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typically no longer than 5–10 years. As a case in point, the author mentions the Philips “Probes” 

program, wherein a corporate unit established in the 1990s (Philips Design) experimentally 

investigated changes in social values in customers’ attitudes toward the technologies and prod-

ucts, to identify market opportunities and threats. 

Facing either determinant of industry uncertainty—complexity or dynamism—the paper 

sees corporate foresight as setting the ground for an adaptive learning process, whereby 

“the core benefits of strategic foresight lie in establishing a process of “planned learn-

ing” about the future. 

Along similar lines, but using a quantitative toolkit, Lempert and Groves of the Rand Corpora-

tion describe in Identifying and Evaluating Robust Adaptive Policy Responses to Climate 

Change for Water Management Agencies in the American West (2010) how the Metropolitan 

Water District of Southern California (MWD) developed an adaptive response to climate 

change and integrated it into its long-range planning processes. 

Via the MWD case study, the paper develops the argument for adaptive strategies—those ex-

plicitly designed to adapt and evolve over time in response to new information—for managing 

organizations under significant uncertainty. The analysis demonstrates what the authors call 

“robust decision making” (RDM), a set of use- simulation models to assess the performance 

of the agency’s plans across thousands of plausible futures, with algorithms to identify futures 

where plans would fail to adequately perform. This helps decision makers to understand the 

vulnerabilities of those plans. 

Taking issue with corporate decision support based on what the authors call a “predict-then-

act” framework based on either point or probabilistic forecasts, they show that RDM allowed 

the MWD executives to generate and consider multiple views of the future, which they call 

“plausible probability distributions,” which served as a way to then apply “iterative vulner-

ability-and-response-option analysis.” In other words, not only is perception of the future not 
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limited by prediction or probabilistic narrowing but also strategic response similarly remains 

open. RDM uses a robustness, instead of an optimality-criterion, to assess alternative poli-

cies; where optimality typically leads to pursuit of a single best or highest-ranking option, 

RDM analyses are designed to reveal a set of reasonable (robust, satisficing) choices. With 

this set of robust choices in hand, vulnerability-and-response option analysis considers them 

against the MWD’s goals and helps managers to iterate between the choices as circumstances 

change. While business strategy literature often calls for “flexibility, agility, and adaptivity” 

as a means for prospering in times of uncertainty, the MWD case demonstrates a practical 

path for realizing this in an organization. 

 

Overview 

In reviewing the five decades of contributions to theory and practice of corporate organiza-

tional foresight, as manifest by highly cited papers in Technological Foresting & Social 

Change, we can conclude that the journal has been a key resource advancing the field. Figure 

2 provides an overview of the main contributions in each decade. 

 

 

     

Figure 2. Overview of contributions during the past five decades 
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Looking ahead 
 
In this section, we seek to explore future research avenues in the corporate and organization 

foresight fields and organize the discussion around two questions: (1) which are the most 

relevant frontiers in advancing corporate and organizational foresight practices and (2) which 

are the most relevant contributions that corporate and organizational foresight can bring to 

other areas, such as strategy and innovation? 

 

Advancing organizational foresight practices 
 
In recent years, automation with IT tools, usage of big data, and artificial intelligence (AI) 

have allowed firms to access a growing number of relevant insights into the future, and we 

can expect that trend to continue (Agrawal, Gans, & Goldfarb, 2017; Montes & Goertzel, 

2019; Mühlroth & Grottke, 2018). 

Organizations will be challenged to help decision makers deal with the increasing volume of 

information. This will also open more opportunities for data-based decision-making. Thus, 

going forward, it will be important to understand what AI has to offer foresight and how to 

train managers to use these new capabilities, including overcoming biases in decision-making 

(Schoemaker & Tetlock, 2017). Understanding the blending of AI-generated and human-gen-

erated insights and their impact on decision-making is an interesting question for case studies 

in organizations or the development of new practices with design science research approaches 

(Eisenhardt, 2007; Hevner, March, Park, & Ram, 2004). 

AI and automation in foresight will also be able to help shorten the time required in organiza-

tions to translate signals into insights and into action, moving toward real-time decision-mak-

ing (Aengenheyster et al., 2017). This might allow for greater integration between different 

foresight practices, forming the basis for in- organization, continuous foresight and response 

systems (Heger & Rohrbeck, 2012; Schoemaker, Day, & Snyder, 2013). Here foresight 
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platforms could play an important role, connecting many inter- and intra- organizational actors, 

advancing foresight insights and defining options for organizational responses (Raford, 2015; 

Rohrbeck, Thom, & Arnold, 2015). To what extent foresight-informed decision-making can 

be developed toward “real time” is a question for further investigation with case studies. A 

useful framing could be the theory of anticipatory systems proposed by Robert Rosen and fur-

ther developed within the context of strategic foresight by Ted Fuller (Fuller, 2017; Rosen, 

2012). 

 

Table 2. Future research trajectories: Advancing organizational foresight practices 

 
 

Another interesting question is to which extent foresight can be successfully applied across 

organizations to promote common goals, form new value networks, and tackle societal chal-

lenges (Cook, Inayatullah, Burgman, Sutherland, & Wintle, 2014; Lang & Ramírez, 2017). 

The concept of networked foresight has been described in this journal by Roubelat (2000) 

and Heger and Boman (2015). More recently, the term “open foresight” has been used to 

describe foresight exercises in which different organizations engage in collective sense-mak-

ing, with the aim of pursuing innovation and business opportunities (e.g., Gattringer, Wiener, 

& Strehl, 2017; Wiener, 2017; Wiener et al., 2017; Zeng, Koller, & Jahn, 2019). As the 

 

Research aim Suitable methods First article in this trajectory 

How to design foresight practices 
that leverage automation, big data, 
and artificial intelligence (AI) 

How to design foresight platforms as 
virtual collaborative anticipatory 
systems 

How to practice and promote 
interorganizational strategic 
foresight 

Case studies, design science research Schoemaker and Tetlock (2017) 

Mühlroth and Grottke (2018) 
 

Case studies Rohrbeck, Thom, and Arnold (2015) 

Schoemaker, Day, and Snyder 
(2013) 

Case studies, theory testing Roubelat (2000) 
Wiener, Gattringer, and Strehl 
(2017) 

To which extent is strategic foresight 
a predictor for superior firm 
performance and superior strategies 

Longitudinal case studies, theory 
testing 

Rohrbeck and Kum (2018) 
Gavetti and Menon (2016) 
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products, value networks, and challenges become more complex, using foresight in a collab-

orative fashion across organizations will be vital. Understanding the practices, governance, 

cultural prerequisites, and successful criteria of such open foresight can be explored through 

case studies and longitudinal studies. 

Ultimately, foresight has to be about outcomes. In the context of organizations, there are 

various outcome criteria worth investigating. Correlation was reported between the maturity 

of corporate foresight practices and firm performance (Rohrbeck & Kum, 2018). Similarly, 

a number of case studies show the ability of foresight practices to inform and promote busi-

ness development, innovation creation, technology management, and strategic repositioning 

(Battistella, 2014; Farrington, Henson, & Crews, 2012; Højland & Rohrbeck, 2018; 

Rohrbeck & Bøe-Lillegraven, 2017; Ruff, 2015). Recently, the strategic management re-

search tradition, particularly behavioral strategy, has become interested in understanding 

how unique and creative strategies are formed (Gavetti & Porac, 2018). The foresight field 

claims to have many practices to contribute to such a task, but we still lack longitudinal 

evidence that foresight has promoted “great strategies” that are unique, creative, or distant 

from the industry status quo (Gavetti & Menon, 2016). 

Enacting such strategies also implies that a firm has dynamic capabilities, through which the 

firm integrates, builds, and reconfigures internal and external competencies to address rapidly 

changing environments (Teece, Pisano, & Shuen, 1997). Recently, some evidence has been 

found that backs the expectation that foresight is a microfoundation of dynamic capabilities 

(Schwarz, Rohrbeck, & Wach, 2020). It will also be worthwhile to search for additional fac-

tors that may mediate the relationship between foresight practices and firm performance. Such 

a potential mediating factor could be organizational attention on the future, which could pre-

vent or enable organizational outcomes (Ramírez, Österman, & Grönquist, 2013; Schoe-

maker, 2018). 



65 

 

 
Organizational foresight for strategy, innovation, and transformation 
 
As we show earlier in this paper, Technology Forecasting & Social Change has contributed 

throughout the decades to understanding how foresight contributes to organizational innova-

tion management, strategic management, and related planning tasks. In the following, we pre-

sent ongoing academic discussions in the field of strategy and innovation, to which organiza-

tional foresight will be able to contribute. 

 
 
Strategy 
 
In a literature review covering the years 2000–2014, more than 50 articles investigating the 

link between foresight and strategy were identified (Iden, Methlie, & Christensen, 2017). One 

of the prominent theoretical frames is the behavioral theory of the firm, built on the observa-

ble bounded rationality of decision-makers (Cyert & March, 1963). Cyert and March argue 

that managers can be expected to search for solutions to problems through local experimen-

tation, rather than via a distant and systematic solution search that requires high cognitive and 

action-level efforts (Gavetti & Levinthal, 2000). From a behavioral strategy perspective, it 

would be interesting to explore to what extent foresight can help overcome the cognitive 

bounds of decision makers in order to consider more distant solutions and strategies (Gavetti, 

2012). A case in point is the founding of Merrill Lynch, a financial broker whose strategy 

was built on a theory of merchandizing that was successful in Safeway, a supermarket chain, 

for which Charles Merrill had been CEO. In this case, the usage of the analogy from a differ-

ent industry provides the basis for a cognitive leap in the strategizing of Charles Merrill and, 

subsequently, to the introduction of a new, distant strategy that would become the dominant 

business model in the brokerage industry (Gavetti & Menon, 2016). Following this line of 

investigation further would involve asking if foresight practices can play the role of the anal-

ogy to facilitate a mental leap and allow organizations to create distant strategies or “great 
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strategies” (Fink, Ghemawat, & Reeves, 2017; Gavetti & Porac, 2018). 

 

Table 3. Future research trajectories: organizational foresight for strategy 

 
 
 

More recently, David Levinthal (2018) has argued to shift focus from enhancing strategic de-

cision-making to designing organizations to act as “complex, adaptive systems that are more 

or less capable of achieving satisfactory strategic outcomes” (p. 7). With that, he resonates well 

with the older conceptualization of Daft and Weick, who proposed that organizations can be 

seen as interpretation systems (Daft & Weick, 1984). 

Levinthal argues that it would be important to understand how strategy-making should be 

performed so that “boundedly rationally individuals, particularly operating in some collective 

fashion, may act to enhance the performance and survival prospect of an organization” (p. 

73). Or, in other words, how they can organize collective sensing, sense-making, and strategic 

enacting to enhance the future success of the organization. In that respect, organizational 

foresight has emphasized the importance of continuous environmental scanning activities and 

focused sense-making exercises that are ideally driven by scenarios and adaptive planning 

(Beal, 2000; Hambrick, 1982; Rohrbeck, Kum, Jissink, & Gordon, 2018; van der Heijden, 

1996; Gordon, 2020, Rowland & Spaniol, 2017). It has also been emphasized that new and 

future environments will need different sensors (i.e., specialized scanning routines that 
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investigate areas that otherwise would be overlooked [Winter, 2004]) and that sense-making 

will require reframing, which is greatly enhanced by using scenarios and defining alternative 

courses of action or strategies (Lehr, Lorenz, Willert, & Rohrbeck, 2017; Ramirez & Wil-

kinson, 2016). In particular, the sense-making needs to be strong enough to build strong nar-

ratives that work on reassembling the past, the present, and the future and can guide new 

courses of action (Sarpong, Eyres, & Batsakis, 2018). To support the organizational adapta-

bility, corporate and organizational foresight practices can also complement dynamic models 

that allow management to anticipate market feedback as competitive actions unfold (Dickson, 

Farris, & Verbeke, 2004). Associated tools, such as system dynamics models and business 

wargaming, have gained importance (Kunc & O’Brien, 2017; Schwarz et al., 2019; Sterman, 

2001) and merit further study with regard to enhancing the frameworks of bounded rational-

ity. 

 

Innovation, engineering, and R&D management 
 
It has been proposed that foresight can contribute to triggering innovation development (the 

initiator role), enhance the success of innovation development (the opponent role), or allow 

organizations to increase the future orientation of their innovation project portfolios (the strat-

egist role; Rank, Natalie, Georg, Unger, & Gemünden, 2015; Rohrbeck & Gemünden, 2011). 

The initiator role could also lend itself to provide more systematic means to help in the oth-

erwise unstructured fuzzy-front-end of innovation (Koen et al., 2001; Rohrbeck, 2013). It also 

supports opportunity discovery and the development of future-use cases or scenarios of eco-

systems in which products will be used (De Moor, Saritas, Schuurman, Claeys, & De Marez, 

2014) and has been linked to higher innovativeness when applied to innovation development 

projects (Jissink, Schweitzer, & Rohrbeck, 2018). Foresight has also been documented to help 

in planning new, complex products and, through roadmapping, to plan the development of 
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new value chains (Sauer, Thielmann, & Isenmann, 2017). Thus, it is established that foresight 

practices, R&D, and innovation management practices are developing in a synchronized fash-

ion, further emphasizing the important role that foresight often plays for enhancing the inno-

vation capacity of a firm (van der Duin & den Hartigh, 2009). 

 

Table 4. Future research trajectories: organizational foresight for innovation management 

 

 

Another avenue in innovation management and foresight is the ecosystem lens which asks 

how focal firms can consider, trigger, and leverage other organizations to form innovation 

ecosystems (Adner & Kapoor, 2010; Tsujimoto et al., 2018). An important question in the 

emergence of industrial ecosystems is how cognition can shape strategy on the firm and the 

network level (Kaplan, 2011). Collective cognition can then also play an important role to 

catalyze value co-creation (Aarikka-Stenroos & Ritala, 2017). 

 
 
 
Conclusion 
 
In this paper, we have highlighted the key contributions to corporate and organizational fore-

sight that have been carried in the pages of Technology Forecasting & Social Change during 

the past 50 years. In compiling this research, the richness and diversity of contributions have 

 

Research aim Suitable methods First article in this trajectory 

To which extent can organizational 
foresight promote innovation success 

Longitudinal case studies, theory 
testing 

Jissink et al. (2018) 

Rank et al. (2015) 

 
What are moderating and 
mediating factors that affect the 
relationship between foresight and 
innovation success 

How can organizational foresight 
contribute to develop and steer 
innovation ecosystems 

Theory testing Bootz (2010) 
 
 
 

Conceptual, case studies Tsujimoto et al. (2018) 
Inoue and Tsujimoto (2018) 
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become evident to us, and we have sought to reflect that in the document summary review 

section. Our purpose has been to illuminate the contributions over time in a way that gives 

equal prominence to the early work, for in that work lies interventions that in some cases are 

unsurpassed and, in others, have been foundational for what followed. To achieve this, we 

have followed a decade-long timeline methodology, but we remain well aware that such a 

notion of sequencing by decade is an ex post facto convenience. We offer it as the best way to 

approach the material in a journal that has, through the years, been subject to various academic 

and industry currents and uniquely open to diverse and varied inputs, as the interdisciplinary 

field of foresight demands. With this limitation, along with the many constraints of selection 

and prioritization, which inevitably leaves much excellent work on the cutting room floor, we 

feel that our literature review process has found and illuminated the major contributions in 

this area of corporate and organization foresight through five decades. With this in hand, we 

have turned to the current priorities and future challenges of the field and hope to have pro-

vided scholars and practitioners with the necessary frameworks to continue to advance cor-

porate and organizational foresight in the years to come.
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Appendix A 
 

Authors Title   Type of 
research1 

Citations Brief summary 

  
 

E C   
  2010-2018   

Lempert and 
Groves (2010) 

“Identifying and Evaluating Robust Adaptive Policy Re-
sponses to Climate Change for Water Management Agencies 
in the American West” 

x 148 Based on a single case study, the article describes how the Inland Em-
pire Utilities Agency (IEUA) does long-term planning in relation to cli-
mate changes. 

Rohrbeck and 
Gemünden 
(2011) 

“Corporate Foresight: Its Three Roles in Enhancing the Inno-
vation Capacity of a Firm” 

x 98 Based on 19 case studies, the article shows how foresight and innovation 
can be combined. Three different roles that corporate foresight has in re-
lation to the innovation capacity of the firm are identified: (1) initiator 
role, (2) strategist role, and (3) opponent role. 

Lee et al. 
(2010) 

“An Evaluation Framework for Technology Transfer of New 
Equipment in High Technology Industry” 

x 79 Builds a framework that can evaluate technology transfer in companies. 

Vecchiato and 
Roveda (2010) 

“Strategic Foresight in Corporate Organizations: Handling 
the Effect and Response Uncertainty of Technology and So-
cial Drivers of Change” 

x 66 “Effect” uncertainty and “response “uncertainty are discussed in relation 
to firms’ competitive positions. The study is based on four case studies 
on different organizations from different industries. 

Rohrbeck and 
Schwarz (2013) 

“The Value Contribution of Strategic Foresight: Insights 
from An Empirical Study of Large European Companies” 

x 63 By analyzing 77 surveys from multinational firms, this article deter-
mines how strategic foresight can deliver value to firms. 

Vecchiato 
(2012) 

“Environmental Uncertainty, Foresight and Strategic Deci-
sion Making: An Integrated Study” 

x 52 Looks at how foresight in firms can be applied to deal with environ-
mental uncertainty by doing four case studies on firms from different 
industries. 

  2000-2009   

Phaal et al. 
(2004) 

“Technology Roadmapping—A Planning Framework for Evo-
lution and Revolution” 

x 418 Provides a discussion and description of technology management and 
technology roadmapping technique. Application to cases is also present. 

Godet (2000) “The Art of Scenarios and Strategic Planning: Tools and Pit-
falls” 

x 180 Presents how scenario planning can be used in organizations. 

 
 

1 Type of research, predominantly empirical (E) or predominantly conceptual (C) 
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Authors Title  Type of 
research1 

Citations Brief summary 

Walsh (2003) “Roadmapping a Disruptive Technology: A Case Study— 
The Emerging Microsystems and Top-down Nanosystems 
Industry” 

x 156 Describes technology roadmapping as a method and how it is used in prac-
tice. 

Phaal and 
Muller (2009) 

“An Architectural Framework for Roadmapping: Towards 
Visual Strategy” 

x 104 Describes how an organization can design a roadmapping approach to 
support their strategic planning. 

Petrick and 
Echols (2004) 

“Technology Roadmapping in Review: A Tool for Making 
Sustainable New Product Development Decisions” 

x 104 A discussion of how technology roadmapping, supply chain manage-
ment, and information technology can be combined in firms in their 
product development efforts. 

Lee and Park 
(2005) 

“Customization of Technology Roadmaps According to 
Roadmapping Purposes: Overall Process and Detailed Mod-
ules” 

x 102 Describes how technology roadmapping can be customized. 

  1990-1999   

Mahajan and 
Muller (1996) 

“Timing, Diffusion, and Substitution of Successive Genera-
tions of Technological Innovations: The IBM Mainframe 
Case” 

x 139 Describes a model that organizations can use in relation to technology in-
novation. An illustration on a case is also presented. 

Gausemeier et 
al. (1998) 

“Scenario Management: An Approach to Develop Future Po-
tentials” 

x 81 Presents and discusses a scenario management approach and how it can 
be applied in relation to the development of corporate business strate-
gies. 

Van Wyk 
(1997) 

“Strategic Technology Scanning” x 25 A methodological procedure for “strategic technology scanning” is pre-
sented in this article. 

Dunphy et al. 
(1996) 

“The Innovation Funnel” x 20 Introduces “The Innovation Funnel” and how it can be used in relation 
to the innovation activities in organizations. 

Du Preez and 
Pistorius (1999) 

“Technological Threat and Opportunity Assessment” x 13 Discusses innovation, technological forecasting, and the “threat and op-
portunity assessment” and identifies innovation in organizations. 

  1980-1989   

Mahajan and 
Wind (1989) 

“Market Discontinuities and Strategic Planning: A Research 
Agenda” 

x 6 Focuses on the effect of market discontinuities on strategic planning in 
firms. 

Khakee (1985) “Futures-oriented Municipal Planning” x 6 Provides a planning model for municipalities as organizations that focus 
on futures orientation. 
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Authors Title Type of 
research1 

Citations Brief summary 

Sioshansi and 
Bjorklund 
(1988) 

“Planning for Uncertainty—A Case Study” x 3 Describes, based on a single case study, how Southern California Edison 
plans for the future. 

Kruus (1983) “Utilization of Delphi Methods for University Planning” x 3 Describes how the organization Carleton University applies the Delphi 
method, where the organization uses 10 groups that participate in the pro-
cess of engaging in a Delphi exercise. 

Abonyi (1982) “SIAM—Strategic Impact and Assumptions—Identification 
Method for Project, Program, and Policy Planning” 

x 3 Presents a method called strategic impact and assumptions-identification 
method (SIAM) that firms can apply when they are completing projects. 

Sutherland 
(1988) 

“Intelligence-driven Strategic Planning and Positioning” x 2 Describes the “threat-based planning/positioning process” and, thereaf-
ter, applies it in an organizational context. 

Blackman 
(1986) 

“The Use of Innovation Diffusion Models in New Venture 
Planning and Evaluation” 

x 2 Describes an approach for organizations to evaluate new technological 
ventures. 

Dror (1986) “Gambling with History,” However Unpleasant, Is Normal 
to the Human Condition” 

x 1 Discusses issues related to philosophy and policy making. 

  1969-1979   

Blackman 
(1973) 

“New Venture Planning—The Role of Technological Fore-
casting” 

x 14 Presents a methodology for new venture planning where technological 
forecasting is included. 

Swager 
(Swager, 
1972a) 

“Strategic Planning I—Roles of Technological Forecasting” x 8 Asserts that forecasting and planning in organizations are seen as a pro-
cess, and five roles for these are outlined. 

Blackman 
(1973) 

“A Cross-Impact Model Applicable to Forecasts for Long- 
range Planning” 

x 6 Develops a method directly related to firms to deal with the uncertainty 
that firms experience in relation to future sales. 

Swager 
(Swager, 
1972b) 

“Strategic Planning II—Policy Options” x 5 Presents the “perspective trees” tool, which can be used to identify 
threats and opportunities from the external environment. 

Sheppard 
(1970) 

“Relevance Analysis in Research Planning” x 4 Provides a methodology for how organizations can plan a research pro-
gram by, for example, including forecasts. 

Swager 
(Swager, 1973) 

“Strategic Planning III—Objectives and Program Options” x 3 Presents “objective trees” as a methodological tool that can help, for 
example, in relation to R&D and marketing programs. 
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Authors Title Type of 
research1 

Citations Brief summary 

Cetron (1970) “Method for Integrating Goals and Technological Forecasts 
into Planning” 

x 2 Discusses how technological forecasting can be used in planning. 

 
 

All the cells under the dotted lines in each decade represent publications that have been manually added through backward snowballing from the top 15 highly 
cited articles from each decade. 
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Abstract 

A timely transition from exploiting existing resources and capabilities to exploring new ones 

is essential for a firm’s long-term performance. Research has shown that firms exploiting their 

existing resources and capabilities relying on their short-term successes and delaying needed 

investments in exploration of new ones have a high risk of ending in success traps. Success 

traps are dangerous as they lead to lower long-term performance, and decisions regarding the 

allocation of investments between exploitation and exploration are crucial for whether a firm 

ends in such a trap. These strategic decisions are typically made by the board of directors and 

managers, but the literature on the interplay between these two parties in relation to antecedents 

and solutions to avoiding success traps is sparse. One stream of literature identifies managers 

as being the main antecedent for firms ending in success traps and argues that the relation 

between the two parties is crucial for avoiding falling into the trap as a firm. We show in this 

study using simulations that the board of directors potentially causes further delays in the tran-

sition from exploitation to exploration than managers do because of extra monitoring costs that 

managers do not have. Furthermore, we provide a solution to how firms by investing in bonding 

in terms of implementing an interactive and transparent monitoring system for exploration ac-

tivities can reduce monitoring costs for the board of directors and thereby reduce the delay in 

the transition from exploitation to exploration. 

 
Keywords: Success traps; exploitation and exploration; behavioral agency model; monitoring 

costs; bonding; problemistic search 
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Introduction 

Why do organizations often resist embracing changes until it is too late, even though the dan-

gers of such inertia are well-documented? This paper aims to enhance the understanding of 

how the interaction between an organization’s board of directors and executive managers de-

lays exploration of new product-market opportunities, new knowledge bases and new resources 

and capabilities.    

History has shown numerous examples of firms that kept exploiting their existing resources 

and capabilities rather than shifting their attention to exploring new or different products, pro-

cesses, and knowledge bases. Examples of such organizations include Nokia (Barwise & 

Meehan, 2011; McCray et al., 2011) and Kodak (Anthony, 2016; Tripsas & Gavetti, 2000). 

Nokia focused on exploiting the existing technology in mobile phones that had underpinned 

the company’s success for many years. As a result, Nokia did not invest in the exploration of 

new and disruptive smartphone technology until it was too late. As a consequence, Nokia suf-

fered large market share losses to smartphone companies, especially Apple (Barwise & 

Meehan, 2011; McCray et al., 2011). A similar story applies to Kodak, which did not shift its 

focus from exploiting the well-established and high profit generating photographic film tech-

nology to exploring the opportunities of digital pictures until it was too late (Anthony, 2016; 

Tripsas & Gavetti, 2000). In Kodak’s case, continued exploitation of the existing resources and 

capabilities occurred despite the company having an early-stage R&D leadership position in 

digital photography (Tripsas & Gavetti, 2000).  

Many organizations achieving current performance success, fail to switch focus from exploit-

ing current resources and capabilities in delivering products and services to exploring new ap-

proaches. Such organizations are caught in “success traps” (Levinthal & March, 1993) causing 

lower performance in the long run (Levinthal & March, 1993; March, 1991; Rahmandad & 
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Repenning, 2016; Rhee & Kim, 2015). Why do organizations end up in these success traps? 

What can organizations do to avoid such success traps?  

 

Research suggests two possible antecedents of getting caught in success traps including: (1) 

myopic behavior (Levinthal & March, 1993), particularly among managers (Walrave et al., 

2011), and (2) general organizational inertia (Hannan & Freeman, 1984). Myopic behavior can 

be classified as originating from (1) temporal myopia as a sacrifice of long-term gains for short-

term returns, (2) spatial myopia as prioritizing what is known and near to the decision-maker, 

or (3) failure myopia as oversampling of success compared to failure (Levinthal & March, 

1993; Rahmandad & Gary, 2020; Walrave et al., 2011). Studies by Walrave et al. (2011, 2015) 

found that the interactions between the board of directors and managers can play an important 

role in determining whether organizations get caught in success traps. They conclude that or-

ganizations get caught in success traps when managers delay exploration, because successful 

exploitation reduces awareness of environmental changes that would otherwise lead to increas-

ing exploration. This leads to performance shortfalls in the long run, which increase the pres-

sure from the board of directors to exploit even more to cover the shortfalls adding an additional 

delay on the exploration activities (Walrave et al., 2011). The authors suggest that more inte-

gration of the board of directors in organizational exploitation-exploration decisions are needed 

to avoid this trap. As examples of solutions to avoid success traps, Walrave et al. (2015) suggest 

both resource-related and collaboration-related solutions. Organizations should focus on allo-

cating organizational resources to both explorative and exploitative activities, but the correct 

amount at the correct point in time. In addition, the role of the board of directors should be 

much more integrated into the work of managers. Increased integration will increase the col-

laboration among managers and the board of directors, as managers are executors of firm 
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strategies while the board of directors are the ones having the power to impose and pressure 

managers in terms of shifting attention to more exploration earlier (Walrave et al., 2015).  

 

Walrave et al. (2011, 2015) indicate that the board of directors does contribute to delayed ex-

ploration when they create an external pressure on the managers to exploit due to performance 

shortfalls as stated earlier. This means that the board of directors, according to the authors, 

reinforces the exploitation efforts, but the reason for doing this originates in the myopic behav-

ior of the managers. This is the case, since it is the myopic behavior of managers that leads to 

performance shortfalls meaning that the managers are the ones initially responsible for firms 

ending in success traps (Walrave et al., 2011, 2015). The authors see the board of directors as 

a catalyst reinforcing exploitation efforts by creating an external pressure for short-term finan-

cial returns as a result of the performance shortfalls. 

 

If managerial lack of awareness may be one of the antecedents of organizational success traps 

due to myopic behavior, does that then mean that managers are always the only ones responsi-

ble for initiating the process towards a success trap, or could the board of directors also be an 

initiator of that process? The board of directors is considered being an active element of stra-

tegic decision-making in organizations (Hendry & Kiel, 2004; Mc Namara & Baden-Fuller, 

2007; Westphal & Fredrickson, 2001), and their relations with managers are considered having 

an impact on organizational performance (Hillman & Thomas, 2003; Westphal, 1999). This 

means that the board of directors has direct decision power to impose decisions on whether to 

invest in exploitation or exploration activities justifying an investigation of, whether they im-

pact the likelihood of falling into success traps more directly than purely reinforcing an already 

existing path into a trap. Additionally, in case of more direct effects originating from the board 

of directors on the likelihood of ending in success traps, it will be relevant to further investigate 



 
 

 
89 

the interplay between the board of directors and managers as a solution to this dilemma in line 

with what Walrave et al. (2011, 2015) suggest as outlined earlier. Other research has also dis-

cussed how relations and interactions between directors and executive managers contribute to 

positive organizational performance due to the exchange of advice (Hillman & Thomas, 2003; 

Westphal, 1999).  

 

We investigate this research gap by developing a simulation model integrating Problemistic 

Search Theory (Cyert & March, 1963) and the Behavioral Agency Model (Wiseman & Gomez-

Mejia, 1998). Our model focuses on organizational decision-making about the timing and mag-

nitude of shifting attention between exploration of new opportunities versus continued exploi-

tation of existing competences. Our results show that the board of directors can also be a direct 

antecedent of organizations getting caught in success traps. We show that explorative organi-

zational activities will increase monitoring costs for the board of directors due to high levels 

of uncertainty associated with exploring new areas. The board of directors will therefore delay 

needed explorative activities to avoid the monitoring costs resulting in a delayed exploration. 

Results also show that organizations can avoid the described scenario by focusing on the inter-

play between the board of directors and the managers. Organizations investing in bonding re-

flected as interactive control systems can increase the collaboration and transparency between 

managers and the board of directors reducing or eliminating the before-mentioned monitoring 

costs. This can ensure that the organization move on to more explorative activities before the 

negative consequences of the success trap arise. Our theory building and simulation results to 

test the internal validity of the theory contribute to the literature on exploration and exploitation 

(March, 1991), Problemistic Search Theory (Cyert & March, 1963) and the literature on or-

ganizational success traps (Levinthal & March, 1993;Walrave et al., 2011, 2015). Our first 

contribution is the identification of the board of directors as being an antecedent of 
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organizational success traps due to the additional monitoring costs associated with explorative 

activities. Our second contribution is to Problemistic Search Theory showing that the aspira-

tion-performance gap, which is decisive for triggering investments in exploration, is not the 

same for the board of directors and for managers. This means that these two units, which both 

are assumed to have strategic decision power in terms of deciding whether and how much to 

invest in exploration, will not find investments in exploration necessary at the same point in 

time. Our third contribution is showing how purposeful interactions between managers and the 

board of directors can mitigate this trap by investing in bonding in terms of more transparent 

and interactive control systems when experiencing the need for organizational investments in 

exploration.  

 

Theory 
 
Exploitation and exploration are central classifications of how organizations can solve organi-

zational problems and tasks in terms of searching for solutions by exploiting already existing 

resources and capabilities or by exploring new ones. Exploitation is about making refinements 

of and minor adjustments to already existing resources and capabilities when generating solu-

tion alternatives to problems and tasks, while exploration is about experimenting with radically 

different resources and capabilities (March, 1991). It is assumed in accordance with Problem-

istic Search Theory (Cyert & March, 1963) that decision makers will start out by exploiting 

when performance falls below aspirations. This is evident because of three reasons that Posen 

et al. (2017) discuss. First, decision makers in organizations are assumed to be bounded ration-

ally (Simon, 1955, 1957) leading to cognitive boundaries of evaluating performance outcomes 

of radically different solution alternatives. This makes it more efficient to use solutions similar 

to the ones of which one knows the performance consequences. Second, learning is easier with 

already existing resources and capabilities with which the organization has experience or has 
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in its possession (see e.g. Helfat, 1994). Third, exploitative search will in the short run generate 

better performance due to e.g., the lower costs in terms of communication across the organiza-

tion, since the solution alternatives applied are very similar to the ones already institutionalized 

in the organization (Posen et al., 2017; Rahmandad, 2012). Recent research has, in addition to 

this, also shown that the more performance is below aspirations, the more will the search for 

new solution alternatives move away from being exploitative to being more exploratory. Like-

wise, the smaller the negative performance discrepancy is, the more exploitative search behav-

ior will be observed (see e.g. Billinger et al., 2014; Heck et al., 2018).  

 

The empirical evidence of search behavior is consistent with the logic behind learning curves 

first introduced in an organizational learning perspective by Wright (1936) and then further 

advanced and documented by more recent literature (see e.g. Argote & Epple, 1990; Hatch & 

Mowery, 1998; Jovanovic & Nyarko, 1995). Learning and search for solution alternatives are 

two intertwined constructs, since an agent by searching for solution alternatives continuously 

learns based on received performance feedback since search is a sequential trial and error pro-

cess (Cyert & March, 1963; Levitt & March, 1988; March, 1991). Learning inside an organi-

zation is crucial for organizational performance, as it increases organizational productivity, but 

the positive learning effects are not constant over time. When introducing new resources and 

capabilities inside an organization to solve a task or problem, the positive learning effect on 

productivity will be significantly higher in the period right after the introduction and will di-

minish more and more over time (Argote & Epple, 1990; Wright, 1936). An organization can, 

by using an exploitative search strategy, exploit the introduced resource or capability over time, 

but it will eventually end up performing further away from aspiration levels due to the dimin-

ishing learning effects. This will increase the need for exploration under the assumption that 

growth in performance and productivity over time are targets for an organization (Adler & 
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Clark, 1991; Rahmandad et al., 2018; Rahmandad & Repenning, 2016; Wright, 1936). By iden-

tifying a good enough learning effect in terms of improving productivity and performance, an 

organization can get an understanding of when it is time to explore in order to grow in the 

future (Argote & Epple, 1990; March, 1991; McNamara & Baden-Fuller, 1999; Wright, 1936). 

 
When an organization realizes the need for exploration in order to find new ways of solving 

tasks that does not necessarily mean that it should move completely away from exploiting al-

ready existing resources and capabilities. Rather, it should be understood as choosing a given 

combination of the two search strategies as a trade-off, where an organization can deal with 

both at the same time (Levinthal & Posen, 2007; Posen & Levinthal, 2012; Raisch et al., 2009) 

with different degrees of focus on each of them (March, 1991). We will in this section focus 

on the situation where the organization, due to diminishing learning curve effects and thereby 

diminishing performance, is forced to change its focus from pure exploitation to more explo-

ration. It is in this particular situation necessary to understand that exploration is both risky and 

costly due to the fact that the organization is experimenting with new solution alternatives of 

which they do not know the future performance-related consequences (March, 1991). Further-

more, the change in focus from pure exploitation to more exploration is a process that can be 

costly due to path dependency, as it takes time and resources for an organization to shift focus 

from an exploitative search approach to a more exploratory (Lavie et al., 2010). Since explo-

ration is often costly, risky and has great future performance related consequences for an or-

ganization, both managers and the board of directors are often involved in decision-making 

regarding whether and when to shift the focus from exploitation to more exploration (Connelly 

et al., 2019; Zhang et al., 2018). This means that it is important to understand the relations 

among the board of directors, managers, and the decision about transferring organizational re-

sources and capabilities to more explorative activities to understand how an organization can, 

at the appropriate time (Hannan & Freeman, 1984; Mathias et al., 2018; Rahmandad & Gary, 
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2020b), make the necessary shift in focus. To do so, one has to investigate agency relations 

between the board of directors acting on behalf of shareholders (principals) and managers 

(agents). We apply a version of agency theory relevant for the behavioral assumptions that 

Problemistic Search Theory relies on (Argote & Greve, 2007; Cyert & March, 1963; Pepper & 

Gore, 2015). It is called the Behavioral Agency Model in which the manager’s risk-taking 

behavior is in focus (Pepper & Gore, 2015; Wiseman & Gomez-Mejia, 1998). Managers and 

the board of directors interact through factors like e.g. the evaluation criteria (the criteria upon 

which management performance is evaluated), the compensation mix, and the performance 

indicators (Wiseman & Gomez-Mejia, 1998). Doing exploration is directly related to risk-tak-

ing as exploration involves trying out new solution alternatives with unknown performance 

consequences (Billinger et al., 2021; Mehlhorn et al., 2015). This model can explain which 

factors in the agency relationship between managers and the board of directors affect the or-

ganizational shift in focus from pure exploitation to more exploration. 

 

Problemistic Search Theory says that a positive aspiration-performance gap will trigger search, 

and research has shown as outlined earlier that the larger the gap, the greater the need for ex-

ploration. We argue that this gap will be larger for managers than for the board of directors at 

the same point in time, meaning that managers will push for earlier investments in exploration 

than the board of directors. This is the case, since the benefits of exploring new solution alter-

natives will differ depending on whether we see them from the perspective of the board of 

directors or from the perspective of managers. We know that the aspiration-performance gap 

according to Problemistic Search Theory is caused by lower performance compared to an as-

piration level in a firm. This applies for both managers and the board of directors, but we argue 

that when the decision about doing exploration has to be made, then the board of directors will 

have additional costs which need to be accounted for the in the aspiration-performance gap. 
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This gap between actual and desired performance as outlined earlier is crucial for determining 

whether and how much investment in exploration activities should be allocated. These extra 

costs affect the aspiration-performance gap for the board of directors leading to differences in 

aspiration-performance gaps for managers and the board of directors. This can be explained 

through the Behavioral Agency Model. To explain this, it is necessary to have an understanding 

of how, according to Behavioral Agency Model, the board of directors evaluates managerial 

performance.  

 

Ouchi & Maguire (1975) divide evaluation measures into two categories: outcome criteria and 

behavioral criteria (Wiseman & Gomez-Mejia, 1998). Outcome criteria are typically objective 

measures such as financial measures that are clearly formulated in advance to evaluate a man-

ager’s performance. Behavioral criteria are, in contrast to outcome criteria, “… not fully spec-

ified in advance but are determined at the time of evaluation, following the observation of agent 

behavior.” (Wiseman & Gomez-Mejia, 1998:145), and these criteria are based on more sub-

jective evaluations of a manager’s performance. Characteristics for these criteria also include 

being vaguely defined, often where a group of people (e.g., the board of directors) evaluate 

performance by interpreting the manager’s performance in hindsight (Ouchi & Maguire, 1975; 

Wiseman & Gomez-Mejia, 1998).  

Since organizations are interested in optimizing profits, they will aim to reduce performance 

monitoring costs (Friedman, 1970). When evaluating pure exploitation, the returns are much 

more certain, transparent, and predictable compared to evaluating exploration (Hoang & 

Rothaermel, 2010; March, 1991). For pure exploitation activities, the board of directors can 

evaluate managers based on objective outcome performance measures, e.g., financial measures 

(Ouchi & Maguire, 1975; Wiseman & Gomez-Mejia, 1998). More predictable return expecta-

tions make it possible to generate more precise evaluation measures and enable the board of 
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directors to use outcome criteria. In such cases it will be unnecessary to spend additional costs 

on behavioral criteria (Wiseman & Gomez-Mejia, 1998).  

The differences in aspiration-performance gaps between managers and the board of directors 

are related to the outcome measures when a decision about exploring new solution alternatives 

is made. Potential benefits of exploring are consequently lower for the board of directors com-

pared to managers from an agency perspective. This is the case because exploration is associ-

ated with unpredictable and uncertain performance outcomes (Hoang & Rothaermel, 2010; 

March, 1991), requiring extra monitoring costs for the board of directors. The monitoring costs 

include extra time and money spent, which the board of directors faces, as they will need to 

add additional behavioral evaluation criteria of the future exploration activities due to the per-

formance-related uncertainty and unpredictability. In other words, it will be difficult for organ-

izations to state only objective outcome criteria in advance before evaluation of explorative 

activities (Wiseman & Gomez-Mejia, 1998). As a result, we argue that the board of directors 

will require additional performance monitoring costs in the form of behavioral criteria to ex-

post evaluate the performance of managers within the exploration activities. These new future 

behavioral monitoring costs will become additional costs to already existing monitoring costs 

of the exploitation activities, which are based on outcome criteria (Friedman, 1970). This will 

decrease the aspiration-performance gap for the board of directors compared to the aspiration-

performance gap of managers, since the future gain of exploration activities influence the de-

cision whether to explore. Furthermore, we know as outlined earlier that a positive aspiration-

performance gap trigger exploration activities (Cyert & March, 1963; Diecidue & van de Ven, 

2008). Consequently, the board of directors will try to delay exploration activities, since their 

aspiration-performance gap is smaller, and the potential future return of exploration activities 

are lower in their perspective than they are for managers due to the additional monitoring costs. 

This implies that they will favor a later point on the learning curve for increasing exploration 
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than they in theory should, assuming they want to maximize their own profits (Friedman, 

1970). The Behavioral Agency Model explains, furthermore, that when the board of directors 

eventually introduces the behavioral criteria, exploration activities throughout the organization 

will automatically be delayed and reduced further, as they are considered to generate uncer-

tainty for managers due to their unpredictable and subjective nature (Wiseman & Gomez-

Mejia, 1998). Behavioral criteria do not just create additional future monitoring costs for the 

board of directors, making them hesitant to approve future exploration activities; they also 

further delay these activities within the organization when implemented.  

 

To reduce the difference in aspiration-performance gaps between the board of directors and 

managers, and thereby avoid the delay of explorative activities caused by the added monitoring 

costs, behavioral criteria must be either minimized or ideally not be introduced. This can be 

done by investing in bonding between the board of directors and managers from the organiza-

tion’s side. Bonding in this study is the creation of transparent and more objective performance 

criteria in terms of a performance control system for the exploration phase. This will ensure 

that there is transparency in the relationship between managers and the board of directors mit-

igating the board of directors’ perception of potential threats in terms of opportunistic behavior 

from the side of the managers (Jensen & Meckling, 1976). Investments in bonding will increase 

costs for the manager in the sense that this will restrict his or her behavior due to the formal 

performance control system (Hillman & Keim, 2001; Jensen & Meckling, 1976). Having a 

formal performance system that is transparent reduces the monitoring costs for the board of 

directors, making them more likely to invest in exploration earlier (Jensen & Meckling, 1976). 

Such a system is easier to implement when doing exploitation as argued before due to the 

predictability of future outcomes (Kaplan & Norton, 1992), but we argue that is also possible 

when doing exploration. The application and nature of the performance control system should 
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only be different when doing exploitation compared to exploration. Exploitation requires diag-

nostic control systems defined as “(…) formal feedback systems used to monitor organizational 

outcomes and correct deviations from preset standards of performance.” (Daft, 2020; Simons, 

1994), which evaluate already existing routines and problem-solving approaches, as the organ-

ization with this approach refines and optimizes already existing resources and capabilities 

(March, 1991). Exploration requires another type of control system due to the uncertainty and 

risks associated with future outcomes of these activities. In this case, organizations should con-

sider investing in an interactive control system: a control system originally developed for top 

managers to give them tools to control exploration activities among subordinates in the organ-

ization (Daft, 2020; Simons, 1991, 1994). Characteristics of this type of control system include 

high levels of interactions between the ones evaluating performance and the ones being evalu-

ated, where top managers are continuously involved in and informed about decisions made by 

subordinates fostering learning and dialogue among the involved parties (Daft, 2020; Simons, 

1994). An interactive control system inspired by the one between managers and subordinates 

should be implemented between the board of directors and managers as it will create strong 

relations generating more trust and eventually diminishing the need for control through addi-

tional behavioral outcome criteria (Barney & Hansen, 1994; Hillman & Keim, 2001). In the 

Behavioral Agency Model, implementing an interactive control system for exploration activi-

ties will be considered an extension of the organization’s overall performance evaluation sys-

tem based on internal/external performance indicators (Wiseman & Gomez-Mejia, 1998). This 

means that managers and the board of directors, due to the collaborative nature of the interac-

tive control system based on the best possible estimations derived from their mutual knowledge 

and experience, together outline objective and measurable measurement criteria related to the 

organization’s exploration activities (Daft, 2020; Simons, 1994; Wiseman & Gomez-Mejia, 

1998). There might, in the specific situation, be several ways to design and implement such a 



 
 

 
98 

system. The firm could, e.g., also include external validation of the exploration activities by 

independent experts (Walton, 2012), or appoint independent directors to the board who have 

expertise in the new area (Wang et al., 2015). The assumption is that using such an approach 

facilitates the decision power structure and allows the board of directors to follow and interfere 

in the exploration activities in a transparent way interactively with the manager level (Hendry 

& Kiel, 2004; Westphal & Fredrickson, 2001).  

 

 

Research Design 
 

System Dynamics Simulations as a Research Method 

Simulation models have a long history as being tools for developing and testing theory (Cohen 

et al., 1972; Davis et. al., 2007). Different types of simulations have been used to investigate 

aspects of theoretical arguments. This includes agent-based simulations (Arifovic et al., 1997), 

NK models (Gavetti & Levinthal, 2000; Levinthal, 1997), and differential equation-based mod-

els (Cohen et al., 1972; Sterman et al., 1997): For an overview, see Davis et al. (2007); Harrison 

et al. (2007) and Lomi & Larsen (2001).  

For a dynamic shift from exploitation to exploration containing feedback, delays, and an evo-

lution over time as the theory describes, system dynamics is an appropriate method to capture 

these dynamics, as it is “focused on how causal relationships among constructs can influence 

the behavior of a system” (Davis et al., 2007, 486). The complex interactions of feedback and 

delays make it difficult to predict behavior over time, as well as predicting the influence of 

particular constructs on a system’s behavior (Sterman, 2010). Using system dynamics simula-

tion makes it possible to understand how behavior changes and the consequences and influ-

ences of different variables.  
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Since the introduction of system dynamics (Forrester, 1961), the method has been applied 

widely in several areas both for applied and theoretical work. Within the strategy and organi-

zational literature, there are many examples using system dynamics for developing and testing 

new and existing theory. This includes investigations of the outcome in related diversifications 

(Gary, 2005), models of competing strategies in mass markets services (Rahmandad & Ton, 

2020), and modelling preproduction and growth of organizational populations (Lomi et al., 

2010). For an overview see Gary et al. (2008). 

 
Proposed Conceptual Model Description  

Figure 1 shows a simplified representation of the model used to simulate the theory described 

above, and the overall model can be understood from the feedback structure. Appendix A pro-

vides the underlying equations for the model. The model represents two knowledge bases; one 

existing product-market Knowledge Base (A) currently being exploited and one nascent prod-

uct-market Knowledge Base (B) that needs to be built over time when growth slows down from 

the first product-market knowledge base. The remainder of the model provides the logic for 

how the transition from Knowledge Base A to B takes place. In the following pages each part 

of the model will be explained and discussed.   
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Figure 1: Simplified causal diagram of the model 
 
 
The feedback labeled B1 (Learning Curve Knowledge Base A) describes a declining potential 

for learning and thereby declining growth in the knowledge base. The dynamics follow a pat-

tern typical for that type of learning curve (Argote & Epple, 1990; Wright, 1936; Hatch & 

Mowery, 1998; Jovanovic & Nyarko, 1995), where initially there are large gains in learning 

from the accumulated output. However, over time the rate of learning decreases as most effi-

ciency gains have been achieved and only marginal gains are subsequently possible. Assuming 

constant inputs, this leads to a stagnation in output from Knowledge Base A and earnings from 

Knowledge Base A will eventually stop growing. This is the typically behavior of a balancing 

loop which, if left alone, will stabilize the system (Sterman, 2010). The speed at which this 

takes place depends on the industry and might vary considerably across different industries.  
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Looking at the second sector labeled “Aspiration Formation”, the main variable is “Target 

Earnings”, which represent the expected level of earnings for the current period (the aspiration 

level in the organization). This variable is influenced by two factors. The first one is a minimum 

growth expectation (not shown on Figure 1), i.e., the minimum acceptable growth rate 

(Kolvereid, 1992; Puente et al., 2017). The second factor that influences this is the actual 

growth rate from Knowledge Base A. If the actual growth rate is higher than the minimum 

acceptable growth rate, then the actual growth rate will determine the increase of the expecta-

tions for the following period. The expectations will otherwise be determined by the minimum 

acceptable growth rate (Cyert & March, 1963). How fast the target earnings rate adjusts de-

pends on several factors including the industry (Kim et al., 2015) and the ownership structure 

(van Ees et al., 2009). The target earnings are compared with the actual earnings by both man-

agers and the board of directors. If the managers find that the actual earnings are not at the 

level of the target earnings, a “Manager Aspiration-Performance gap” will emerge, and the 

bigger the difference, the bigger the gap. If the actual earnings exceed the target, i.e., a “nega-

tive gap”, there is no need for the managers to propose investments in exploration. However, 

if actual earnings are lower than target earnings, there is a case for looking for exploring new 

growth opportunities (Cyert & March, 1963). There is a similar logic for the board of directors. 

However, there is one major difference in the way that the aspiration-performance gap devel-

ops. As discussed above, the board of directors has also monitoring costs when the company 

begins to explore by building a new knowledge base (Wiseman & Gomez-Mejia, 1998). While 

the firm follows a learning curve it is relatively easy for the board of directors to see if the 

managers are efficient, i.e., do not waste resources, as the learning curve provides an indication 

of how much earnings should increase each period (Argote & Epple, 1990; Wright, 1936; 

Hatch & Mowery, 1998; Jovanovic & Nyarko, 1995). However, the moment that the firm starts 

to explore, it becomes more difficult for the board of directors to evaluate how efficiently 
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managers administer the capital, as it is assumed that initially there are none or very limited 

earnings from investment in the new Knowledge Base B. This forces the board of directors to 

use additional resources to monitor the managers to ensure that money is not “wasted” on new 

knowledge that in the long-term does not produce positive returns. This implies that over time 

when Knowledge Base A is no longer a “growth engine” as earlier, the difference between the 

managers’ aspiration-performance gap level and that of the board of directors will increase. 

The board of director aspiration-performance gap will be smaller than that of the managers and 

there will potentially be a conflict over who is going to determine if the exploitation of 

Knowledge Base A should continue, or if the firm should begin to invest in exploration, since 

both parties are assumed to have strategic decision power.     

The third sector in Figure 1 describes the exploration and the growth of the new Knowledge 

Base B. Starting from the description in the previous paragraph, the size of the aspiration-

performance gap determines how many resources the firm will invest in exploration. These 

resources are used to foster internal research in new knowledge, i.e., Knowledge Base B, cre-

ating an internal learning rate. As the Knowledge Base B grows, it will also be possible for the 

firm to increase its absorptive capacity with respect to the industry knowledge that already 

exists in the areas of Knowledge Base B (Cohen & Levinthal, 1990) increasing the assimilation 

and spillover from the existing industry knowledge of B. Over time when the difference be-

tween the firm and industry knowledge decreases, the firm will learn less and less from this 

mechanism (Argote & Epple, 1990). Finally, the feedback loop B4 has the same function as 

B1 in the first sector and will over time, due to the decreasing learning from the accumulated 

Knowledge Base B, slow down growth.   

It should be noted that it would be reasonable to assume that this decline in the growth over 

time will lead to a process similar to the one initiated when the Knowledge Base A lost its 
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growth potential. However, we have not captured it here, as we are just illustrating one such 

transition between two knowledge bases.  

The final sector in Figure 1, “Bonding Investment”, illustrates the action that the firm can take 

to try aligning the aspiration-performance gaps between managers and the board of directors. 

There is no claim here that the managers will not try to delay the move to the new knowledge 

base (Walrave et al., 2011, 2015). Instead, we posit that the transition might get further delayed 

by the extra costs that the board of directors incurs, as argued in the theory section. Assuming 

this, the firm will need to find ways in which it is possible to make it easier for the board of 

directors to monitor the progress and potential of the exploration (see the discussion in the 

theory section). As discussed in the theory section, this can be done by implementing a trans-

parent and interactive control system for the new exploration activities, which builds on a close 

collaboration between managers and the board of directors in terms of establishing as objective 

and transparent outcome objectives as possible. However, it is likely that these initiatives will 

need some resources that, in an ideal world, would be used to speed up the exploration. We 

show in the results sections that it is a positive trade-off compared with not doing anything, 

and thereby slowing down the move to exploration even more. The feedback loop B4 in Figure 

1 shows this as an investment in bonding increasing the monitoring infrastructure which even-

tually will align the aspiration-performance gaps of the board of directors and the managers 

making it possible to move to exploration earlier than otherwise.  

The exact details of the implementation of Figure 1 can be found in the Appendix A where the 

equations for the full model are shown.  

 

Based on the model outlined above and the equations in Appendix A, it is now possible to 

simulate the model. As this is a theoretical or conceptual model, there is no empirical base for 

the numbers in the model. Parameterization for this type of model is different from empirically 
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based models. The exact values used in the model should be internally consistent, i.e., the first 

number can be chosen freely, the second value depends on the first, the third depends on the 

first two and so on (Lomi et. al., 2010). The values used can be found in Appendix B along 

with the values of the parameters for the analysis below. The simulation is perfumed with the 

Euler method with fixed steps in Vensim (Vensim, 2017). The model was also simulated with 

other integration methods to ensure that the results were not results of the simulation method.   

The model is validated following the standard methods from system dynamics, i.e., the struc-

ture and extreme value test (Senge & Forrester, 1980; Sterman, 2010). If it has not been possi-

ble to establish a theoretical link between two variables, there is performed extensive testing 

to see the sensitivity of the link. In the case of nonlinear relationships these have been tested 

and the simplest possible relationship has been chosen.  

The model is used to generate virtual experiments. When standard principles for how to verify 

the simulation model, making assumptions known and explicit and clearly link the model to 

theory, are followed, it is possible to generate new insights or hypotheses. These can afterwards 

be tested in empirical studies, where they can be confirmed or not following standard empirical 

methods. 

 
 
Analysis of base case 

Based on the model outlined above and the equations in Appendix A, it is now possible to 

simulate the model. This is done by first discussing the results of the base case to establish the 

baseline behavior of the model, followed by an analysis of the virtual experiments carried out 

with the model. The base case will be discussed following the sectors outlined in Figure 1. All 

results shown in the base case assume that the board of directors and managers have equal 

weight in the decision of when to begin exploring.  
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Learning curve Knowledge Base A 

Figure 2 shows the results from the initial Knowledge Base A. Figure 2a illustrates the initial 

growth of Knowledge Base A, where all the resources are allocated to this activity, i.e., exploi-

tation. After this follows a period where the rate of accumulation of knowledge starts to decline 

to become stable at around time 60. The reason for this is that the organization is beginning to 

invest in the new Knowledge Base B and divert resources away from A to build the new 

knowledge base, i.e., it starts to explore new possibilities. Figure 2b shows the efficiency of 

Knowledge Base A (the learning curve “effect”) and as the knowledge increases there is less 

to gain from exploiting the increased knowledge, i.e., the marginal improvement for each new 

“unit” of knowledge decline. This implies that the growth rate for a fixed amount of input also 

declines over time. This decline in growth causes both the managers as well as the board to 

begin to develop an aspiration-performance gap as can be seen in Figure 2c. The difference in 

the aspiration-performance gap between the two is a result of the additional costs that the board 

of directors has due to the increased monitoring needed when the firm moves to exploration. 

As shown in Figure 2c and as discussed above, this will make the board of directors less likely 

to agree on when to a move from exploitation to exploration, since the board of directors has a 

smaller aspiration-performance gap than the managers. Note that a positive value implies a 

gap, while a negative value indicates that the earnings are better than expected.  

Finally, Figure 2d shows the output coming from Knowledge Base A, i.e., the original product 

or service. When resources are moved to exploration, there are fewer resources available for 

exploitation, and over time, as increasing amounts of resources are dedicated to the new busi-

ness, the output from the original business declines.  
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Figure 2: Results from the original Knowledge Base A in the base case. Representing; (A) accumulated 
Knowledge Base A; (B) efficiency of Knowledge Base A; (C) managerial and board aspiration-perfor-
mance gap; and (D) output per time from Knowledge Base A.  
 

 

Aspiration-performance gaps and bonding investment 

As Figure 2c showed, there is a difference in the aspiration-performance gap between the board 

of directors and the managers of the organization. As mentioned, the cause of this is the addi-

tional monitoring costs that the board of directors will incur when the organization begins to 

explore. Figure 3a shows the difference between the two aspiration-performance gaps decline 

after time 40. The reason for this is that the organization invests in bonding that makes it easier 

and less costly for the board of directors to monitor the progress as exploration continues. As 

shown in Figure 3b, the organization’s allocation of resources for bonding starts around time 

40, when the managers believe it is the right time for exploration, while the board of directors 

are still reluctant to endorse this move. The investment is initiated at a time when the managers 
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believe it is the right time, since their aspiration-performance gap will turn positive before the 

gap turns positive for the board of directors as discussed earlier. The investment is then in-

creased and peaks around time 60 and declines after this, as most resources have been reallo-

cated to the newly developed area, i.e., there is no longer a need to invest in bonding, as the 

move has taken place. Figure 3c shows that the investment in bonding over time lowers the 

monitoring costs. From Figure 3d, the reallocation starts from time 40 and by time 50, 60% of 

the organization’s resources are allocated to B with more than 90% at time 80.  

  

  
Figure 3: Evolution of aspiration-performance gaps and bonding in the base case. Representing; (A) 
difference in aspiration-performance gaps; (B) investment in bonding; (C) monitoring costs; and (D) 
fraction of input allocated to exploration.    
 
 
 
Knowledge Base B 

Figure 4 shows the dynamics related to the new Knowledge Base B, i.e., the use of the resources 

that have been allocated through the process in the previous section. As shown in Figure 4a, 

the accumulation of knowledge begins when resources are allocated to exploration, i.e., after 

time 40. The increase in the knowledge base continues, and it does not reach a saturation as 
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was the case in Figure 2a, since we do not model further attempts to explore after the point of 

limited growth potential is reached for Knowledge Base B.  Nevertheless, we can assume that 

the organization will initiate another exploration attempt similar to the move from Knowledge 

Base A to B, which in this case it would be transitioning from Knowledge Base B to C, but we 

do not model that move in our current simulation model. This transition would happen around 

time 80, where the output begins to stagnate as can be seen in Figure 4b due to the effect of 

declining returns on the accumulated knowledge base in the new business.  

 

  

  
 
Figure 4: The evolution of Knowledge Base B in the base case: (A) accumulated Knowledge Base B; 
(B) output per time from Knowledge Base B; (C) absorptive capacity; and (D) learning rates from the 
internal allocation of resources to B and from spillover from the industry.  

 
 
Figure 4c illustrates the absorptive capacity which starts to increase, as there are internal re-

sources allocated to building the new Knowledge Base B, and it continues to grow as the or-

ganization acquires more and more knowledge in this domain. The consequences of this can 

be seen in Figure 4d which shows the knowledge acquisition rate originating from the internal 
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allocation of resources as well as the spillover from the existing knowledge in the new domain. 

The internal process generates the largest amount of knowledge as can be seen in the figure but 

reaches a point where it stabilized. However, it does not decline, as there is no new exploration 

from Knowledge Base B to C taking place in the simulation model as described above. The 

spillover knowledge increases and begins to decline around time 80, as there are less and less 

differences between the knowledge the organization has and the general industry knowledge 

making knowledge acquisition from the industry less prevalent.  

The above descriptions of the model behavior are corresponding with the discussion in the 

theory section, and they show that the theory creates a consistent narrative for how the board 

of directors and managers interact regarding exploitation-exploration decisions. The following 

section explores these dynamics in more depth through a series of virtual experiments.  

 

 
Virtual experiments  
 
Effects of who controls timing of exploration 

The first virtual experiment is to see the consequences of when the board of directors or the 

managers have the full power to decide when to start exploration. Furthermore, it is assumed 

that there are no investments in bonding, i.e., no attempt by the organization to make it easier 

for the board of directors to monitor the progress in exploration activities. Figure 5 shows the 

results from this experiment. There is a significant difference in the timing of the move to 

exploration depending on who is in control of the decision to initiate exploration. In the case 

of the management being solo in charge of the decision about when to start allocating resources 

to exploration, exploration is initiated at time 22. By time 40, half of the resources are allocated 

to building the new knowledge base and by time 60, 95% of all resources are directed to build-

ing the new knowledge base. This is significantly different compared to when the board of 
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directors is in charge. In such case, the first resources used for exploration appear in time 52 

and by the end of the simulation, only 71% of the resources have been allocated to exploration. 

In the case of joint decision-making, where each party has 50% influence (as in the base case, 

but here without any bonding investments), the initial allocation to exploration occurs at time 

38. In this case the allocation, as could be expected, falls more or less in the middle between 

the two extremes of board of directors or managers having full control. By the end of the sim-

ulation, approximately 86% of the resources are allocated to Knowledge Base B.   

 

Figure 5: Results from a virtual experiment, providing insight into the effects of who makes the deci-
sion to initiate exploration in the case where there are no bonding investments. The graph shows the 
amount of resources allocated to the new knowledge base (exploration).  
 

Comparing the accumulated total earnings (including both Knowledge Base A and B) over 

time without bonding investments for the three cases in Figure 6, the difference between the 

managers being in charge (20.739) and the board of directors being in charge (18.114) is 

14.50%. This indicates that not only does the timing of a move to exploration depend on who 



 
 

 
111 

makes the decision, but performance ultimately also depends on whether managers or the board 

of directors decide regarding investments in exploration.   

Until exploration takes place there are no differences in the earning as there is only one revenue 

generating knowledge base. However, afterward there are significant differences in the earning 

trajectories.  The case of the managers having the full control of when to initiate exploration 

shows that this has an immediate effect as the earnings start to increase. From time 30 the 

earnings begin to increase, while this does not happen until after time 60 when the board of 

directors has full control. This reflects the allocation of resources in Figure 5, where the early 

move by managers to exploration increases earnings. Knowledge Base B generates earnings 

sooner than in the other cases and can thereby compensate faster for the decline in earnings 

from Knowledge Base A. 

 

Figure 6: The earnings per time in the virtual experiments when there are no bonding investments.  
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Effects of bonding  

This virtual experiment investigates the effects that bonding investments have on the resource 

allocation and performance of the organization. The investments in bonding have no effect on 

the timing of when exploration is initiated within each of the three distributions of strategic 

decision power. However, it has a significant influence on how many and how fast resources 

are reallocated towards exploration. In the case where the board of directors has full control 

over the investments in exploration, the difference between the case with and without invest-

ments in bonding grows quickly. E.g., at time 80 the share of resources allocated to exploration 

is increased from 54% to 69% when investing in bonding. When the simulation ends, in the 

case of no investments in bonding, 72% of the resources are allocated to exploration. This can 

be compared to an allocation of 94% in the case of present bonding investments. A similar, but 

less pronounced pattern, can be observed when the decision power regarding investments in 

exploration is shared between the board of directors and the managers. In the case of the man-

agers having full control, there is no difference, as the board of directors has no influence on 

the move to exploration in this case meaning that investing in bonding will not change the 

trajectory of the move.  
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Figure 7: The effects of resource allocations in the cases of investments in bonding vs. no invest-
ments in bonding.  
 

Figure 8 shows the total earnings (including Knowledge Base A and B) per time in both cases 

with and without bonding. It is clear that the investments in bonding have a positive effect on 

the total earnings. In the case of the board of directors having full control, the total earnings of 

the last point in time in the simulation are 218 with no bonding investments, while it is 233 

with investments in bonding; an increase of more than six percent. Even though bonding in-

vestments increase total earnings in the case where the board of directors fully decide on the 

resource allocations to exploration, performance still does not reach the earnings level achieved 

when managers are in full control. In the last point in time, when managers are in full control, 

total earnings equal 249, while when the board of directors are in control, total earnings equal 

233; a difference of almost seven percent.  
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Figure 8: The total earnings per time for the virtual experiment with and without bonding.  
 
 
 
 
Discussion and Conclusions 

The causes of success traps, defined as late switches from exploitation to exploration activities 

due to current performance success leading to lower long-term performance (Levinthal & 

March, 1993), are the focus of this paper. The emphasis is on the interactions between the board 

of directors and managers to shed light on possible antecedents to why a firm might end up in 

a success trap, as well as possible ways of mitigating these traps. Our theoretical predictions 

entail the board of directors causing bigger delays moving to exploration than managers, due 

to differences in aspiration-performance gaps, and that investments in bonding can mitigate the 

delay and thereby avoid getting caught in a success trap. 
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We add to the existing literature by investigating the role of the board of directors instead of 

managers as direct antecedents to firms ending in success traps (Walrave et al. 2011, 2015). 

Walrave et al. (2011, 2015) also investigate this interaction assuming that the behavior of the 

board of directors in this relation is driven by an attention to short-term financial returns. This 

means that they view the board of directors as being a catalyst reinforcing more exploitation 

effort leading to success traps, and not as an initial antecedent. Managers are considered being 

antecedents to success traps due to their myopic behavior, and the board of directors will 

thereby experience the negative performance effects caused by the managers and react to them 

by creating an even stronger external pressure for exploitation due to their attention to short-

term financial returns (Walrave et al. (2011, 2015).  

We show in line with Walrave et al. (2011, 2015) that the interaction between the board of 

directors and the managers is important when investigating how success traps emerge, and how 

they can be mitigated.  Our results indicate furthermore that the board of directors play a crucial 

role in why a firm might get caught in a success trap by being a direct antecedent, and not only 

a catalyst reinforcing the process. The reason for this is the difference in aspiration-perfor-

mance gaps between the board of directors and the managers. The difference arises due to 

additional monitoring costs of the board of directors related to exploration activities, costs that 

are not present when a firm does exploitation activities. When the board of directors incorpo-

rates these costs in its aspiration-performance gap, these lead to a smaller gap compared to the 

managers’ gap. This, in turn, implies that the board of directors will likely prefer to continue 

exploitation longer than the management, i.e., delay the move to exploration, increasing the 

risk for a firm ending in a success trap. We also show in this study that investments in bonding 

in terms of a transparent and interactive control system related to the future exploration activ-

ities can be a solution to reducing the differences in aspiration-performance gaps between 
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managers and the board of directors, since this will reduce monitoring costs and reduce the 

delays in moving to exploration. 

 

The study makes several contributions to the existing literature. The first is showing that the 

board of directors can be the reason why firms get caught in success traps due to extra moni-

toring costs associated with exploration activities. This is a contribution to the literature on 

exploration and exploitation and to the literature on organizational success traps providing ad-

ditional evidence on what might delay exploration. It is important to notice that this finding 

might not apply to all corporate governance models and in all situations, since firms can differ 

in terms of corporate governance structures (Finkelstein & D’Aveni, 1994; John & Senbet, 

1998). Our findings apply in the case of a corporate governance model, where the board of 

directors and the managers do not have double roles sitting both in the board and being man-

agers, meaning that the board of directors represents only the shareholders. Furthermore, an 

assumption is that both parties have strategic decision power.  

Prior research on this topic (Walrave et al. 2011, 2015) identifies managers as antecedents to 

firms getting caught in success traps. Our results and contributions do not contradict these 

findings. We build on this knowledge by adding the board of directors as an additional possible 

antecedent for firms ending in success traps and show that the board of directors can delay 

exploration activities more than managers. However, we do not claim that managers them-

selves do not delay these activities. In other words, the board of directors might cause addi-

tional delays for the move to exploration.  

 

Secondly, the paper contributes to Problemistic Search Theory, since it shows that the aspira-

tion-performance gap inside a firm is not unilateral but can differ between different units or 

levels with strategic decision power. This is important for Problemistic Search Theory since 
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this difference is the reason why the board of directors and the managers would push for in-

vestments in exploration at different points in time and create possible conflicts within the firm. 

It is usually assumed that the firm acts as one unit (Cyert & March, 1963), while this paper 

shows the importance of considering different aspiration-performance gaps within the firm. 

This implies that Problemistic Search Theory might benefit from a more nuanced conceptual-

ization and view on the aspiration-performance gap within organizations to better understand 

search behavior.  

 

The third contribution of the paper shows that investments in bonding in terms of transparent 

and interactive control systems reduce the expected future monitoring costs related to explora-

tion activities for the board of directors. The investment in bonding increases performance and 

benefits both the managers and the board of directors by aligning the aspiration-performance 

gaps of the board of directors and managers. This enables the move to exploration activities 

more quickly, since the board of directors will have a similar understanding of the appropriate 

time for exploration, i.e., exploration will not be further delayed by the board of directors’ 

hesitation. This contributes to the literatures on exploration and exploitation as well as success 

traps, since it provides a possible solution to a problem that might lower long-term performance 

for firms. It is also relevant for the literature on Problemistic Search Theory providing a solu-

tion to how firms can align aspiration-performance gaps and thereby coordinate their search 

efforts more closely. Compared to the existing literature, the paper provides further evidence 

on the importance of these interactions and specifies how such a control system can be designed 

with an active inclusion of both the board of directors and managers collaborating in the pro-

cess. 
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Our study is based on simulations and on certain assumptions about corporate governance 

structures that create two main limitations. First, all results are based on simulations meaning 

that no empirical data are used to validate our findings. In other words, it is a theoretical con-

tribution which might create limitations regarding external validity. The findings presented 

here can in the future be tested by empirical or possibly experimental research. Keeping in 

mind that one of the reasons for using simulations is the difficulties in getting firm data at this 

detailed level. Another limitation is related to the corporate governance assumptions. In this 

paper it is assumed that the board of directors represent the shareholders only and that the 

managers are completely independent, i.e., the managers are not represented in the board of 

directors. A number of companies have boards of directors where managers are represented 

(Finkelstein & D’Aveni, 1994). This means that future research can also investigate how such 

interdependences influences the interplay between managers and the board of directors when 

having to decide if the firm should invest in exploration activities. The composition of the 

board in terms of size, internal independence and composition might also influence the rela-

tions between the board of directors and managers and can be investigated in future research 

(John & Senbet, 1998).
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Appendices 
 
Appendix A: Model Development 

This section provides the equations used to simulate the model used in the paper. The equations 

are organized into sectors corresponding to Figure 1. 

 

Learning Curve Knowledge Base A (Exploitation) 

This section is centered around using a learning curve (Argote & Epple, 1990; Wright, 1936) 

to describe the process of production and accumulation of knowledge by exploiting the existing 

Knowledge Base A.   

!"#$%&!	
!(

= 𝐿𝑅(      (1) 

Where KnowAt represents Knowledge Base A and 𝐿𝑅( is the learning rate, i.e., the rate at which 

the organization learns and can improve the efficiency of the use of Knowledge Base A. The 

learning rate is defined as 

𝐿𝑅( = 𝑂𝑢𝑡𝑝𝑢𝑡𝐴(	F&     (2) 

Where 𝑂𝑢𝑡𝑝𝑢𝑡𝐴(	is the number of units given a set of input factors and F& represents the 

learning per unit produced. 𝑂𝑢𝑡𝑝𝑢𝑡(	is defined as (Barney, 1991; Lin & Polenske, 1998; 

March, 1991) 

  𝑂𝑢𝑡𝑝𝑢𝑡𝐴( = T& 	
	(*+,-./0$1234$-.(5$#!)

789:#3;<("!	
    (3) 

Here 	𝐹𝑟𝑎𝑐𝑇𝑜𝐸𝑥𝑝𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛( is the share of resources allocated to exploration, 𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐴(	is 

the required input per unit of output and T&	represents the amount of inputs available. The 

𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐴(	is determined by (Barney, 1991; Lin & Polenske, 1998; March, 1991) 

  𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐴(	 = 𝛽&(
"#$%&!

="
)	>"    (4) 



 
 

 
126 

Where 𝛽& is the initially required input when the process starts, 𝜅& is the initial knowledge 

before the process starts, i.e., the knowledge before there are any learning curve effects. The 

strengths of the learning curve are given by 𝜇&. 

 

The unit cost, 𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡( ,	is given as (March, 1991; Wiener, 1960) 

   𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡𝐴( = 𝐹𝐶 + T		𝑉𝐶 	(*+,-./0$1234$-.(5$#!	)
;<(3<(!

  (5) 

Where 𝐹𝐶 is the fixed cost, 𝑉𝐶 represent the initial variable cost. 

 

 

Aspiration Formation and Bonding Investments 

This sector develops the basis for the internal allocation of resources between exploitation and 

exploration  

  𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠𝐴( =	𝑂𝑢𝑡𝑝𝑢𝑡𝐴(	(𝑈𝑃& − 𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡𝐴()   (6) 

Where 𝑈𝑃&is the constant unit price, i.e., the sales price of one unit. The target earning, 

TargEarn, is given as (Cyert & March, 1963) 

   !0.-?1.-#!
!(

= 𝑀𝑎𝑥(𝑇𝑎𝑟𝑔𝐸𝑎𝑟𝑛(	𝑀𝑖𝑛𝐷𝑒𝑠𝐺𝑟𝑜𝑤𝑡ℎ	𝑇𝑟𝑒𝑛𝑑𝐸𝑎𝑟𝑛( , 0)𝑇𝑎𝑟𝑔𝐸𝑎𝑟𝑛(	  (7) 

Where 𝑀𝑖𝑛𝐷𝑒𝑠𝐺𝑟𝑜𝑤𝑡ℎ is the minimum desired growth in the earnings and 𝑇𝑟𝑒𝑛𝑑𝐸𝑎𝑟𝑛 is the 

trend in the target earnings (Sterman, 2010). The Max ensure that the target earnings cannot 

fall.  

The managerial aspiration-performance gap, MAsp, is defined as (Cyert & March, 1963) 

  𝑀𝐴𝑠𝑝( =
0.-?1.-#!+1.-#5#?@!

0.-?1.-#!
    (8) 

While the Board of Directors aspiration-performance gap, BDsp, is given as (Cyert & March, 

1963; Wiseman & Gomez-Mejia, 1998) 

    𝐵𝐷𝑠𝑝( =
0.-?1.-#!+1.-#5#?@!+A$#B$@(!

0.-?1.-#!
    (9) 
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Where 𝑀𝑜𝑛𝐶𝑜𝑠𝑡( is the resources necessary for the Board of Directors to monitor the manag-

ers. The difference in the aspiration-performance gaps between the Board of Directors and the 

managers, 𝐷𝐴𝑠𝑝, is given as 

  𝐷𝐴𝑠𝑝( = 𝑀𝐴𝑠𝑝( −	𝐵𝐷𝑠𝑝(    (10) 

It takes time to perceive the aspiration-performance gap, as there is no direct way of experience 

the difference, this will need to be discovered by conversation with Board of Directors, share-

holders, briefings from analysts etc. The perceived aspiration gap is given as 

  𝑃𝐷𝐴𝑠𝑝( = 𝑆𝑚𝑜𝑜𝑡ℎ(𝐷𝐴𝑠𝑝()    (11) 

Here it is modelled as exponential smoothing (Sterman, 2010) 

The firm needs to establish a “monitoring infrastructure”, MonInfra, which make it possible 

for the Board of Directors to monitor the deployment of resources and credible performance 

indicators (Daft, 2020; Jensen & Meckling, 1976; Simons, 1994). 

  !A$#:#C-.!
!(

= 𝐼𝑛𝑣𝑡𝐵𝑜𝑛𝑑𝑖𝑛𝑔(t      (12) 

Where 𝐼𝑛𝑣𝑡𝐵𝑜𝑛𝑑𝑖𝑛𝑔( is the investment, the firm makes to help the Board of Directors moni-

toring the progress within the company. t represents the effect of one unit invested in the mon-

itoring infrastructure.  𝐼𝑛𝑣𝑡𝐵𝑜𝑛𝑑𝑖𝑛𝑔( is defined as (Daft, 2020; Simons, 1994; Wiseman & 

Gomez-Mejia, 1998) 

  𝐼𝑛𝑣𝑡𝐵𝑜𝑛𝑑𝑖𝑛𝑔( = 𝑃𝐷𝐴𝑠𝑝(		𝐹𝑟𝑎𝑐𝑇𝑜𝐸𝑥𝑝𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛(	   (13) 

The more monitoring infrastructure there is, the easier it is for the Board of Directors to monitor 

the progress of the firm’s exploration activities, and the lower is the Board of Directors’ mon-

itoring cost, 𝑀𝑜𝑛𝐶𝑜𝑠𝑡( . (Daft, 2020; Simons, 1994; Wiseman & Gomez-Mejia, 1998) 

  𝑀𝑜𝑛𝐶𝑜𝑠𝑡( =	𝑓*(𝑀𝑜𝑛𝐼𝑛𝑓𝑟𝑎(	s)    (14) 

𝑓* is linear function with a negative slope, where as the 𝑀𝑜𝑛𝐼𝑛𝑓𝑟𝑎( increases the cost of mon-

itoring decline. s is a scaling constant.  
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Building Knowledge Base B (Exploration)  

This section describes the development of a new knowledge base, KnowB, ((Cohen & 

Levinthal, 1990). 

  !"#$%D!
!(

= 𝐼𝑛𝑡𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔( + 𝐴𝑠𝑠𝑖𝑚(    (15) 

Where 𝐼𝑛𝑡𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔(is the learning that is generated from internally allocated resources for 

exploration. This is particularly dominant in the initial phase of creating the new knowledge 

base as assimilation, 𝐴𝑠𝑠𝑖𝑚( , is not effective due to the limited knowledge the firm has about 

Knowledge Base B.  

Internal generated knowledge 𝐼𝑛𝑡𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔( is given as  

 𝐼𝑛𝑡𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔( = a	(	T		𝐹𝑟𝑎𝑐𝑇𝑜𝐸𝑥𝑝𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛(	 −	𝐼𝑛𝑣𝑡𝐵𝑜𝑛𝑑𝑖𝑛𝑔()	   (16) 

Given as the resources allocated to exploration	𝐹𝑟𝑎𝑐𝑇𝑜𝐸𝑥𝑝𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛(	multiplied by amount of 

input available, T, and deducted by the resources allocated to bonding. a	represents the 

knowledge that one unit of resources generate. The decision on the fraction for exploration is  

  !	,-./0$1234$-.(5$#!	
!(

= 𝐶ℎ𝐹𝑟𝑎𝑐(   (17) 

  𝐶ℎ𝐹𝑟𝑎𝑐( = 𝑓E(
w	A&@3!F(*+w)G&@3!+	,-./0$1234$-.(5$#!		

&44$/.(5$#H.?
)  (18) 

The allocation of resources to exploration changes by 𝐶ℎ𝐹𝑟𝑎𝑐( which in turn is determined by 

a linear function 𝑓Ewhich increases as the aspiration-performance gap grows. The constant w 

provides the weighting between the Board of Directors and managerial aspiration-performance 

gaps. A w = 0 implies that only the Board of Directors has influence on when to increase the 

allocation of resources to exploration while a w = 1	lets the management be the sole decision 

maker. 𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝐿𝑎𝑔	represents the time it takes to change the allocation.  

The new knowledge from assimilation is determined by (Cohen & Levinthal, 1990)  

  𝐴𝑠𝑠𝑖𝑚( =
I8%:#C$!

C$(&J@$-3B.3!)
    (19) 
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Where 𝑁𝑒𝑤𝐼𝑛𝑓𝑜( is the new knowledge/information in the industry/environment that the or-

ganization has identified as possibly relevant, and which has not yet been incorporated into 

Knowledge Base B.  𝑓K is a nonlinear convex function that influences how fast the organization 

can incorporate new information from the environment into Knowledge Base B. 𝐴𝑏𝑠𝑜𝑟𝑝𝐶𝑎𝑝( 

is the ability of the organization to identify and process relevant information and knowledge 

from the industry/environment (Cohen & Levinthal, 1990).  

  !I8%:#C$!
!(

= 𝐸𝑥𝑡𝐾𝑛𝑜𝑤𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟	𝐴𝑏𝑠𝑜𝑟𝑝𝐶𝑎𝑝(	𝐼𝐾𝐺(u  (20) 

Where 𝐸𝑥𝑡𝐾𝑛𝑜𝑤𝑆𝑝𝑖𝑙𝑙𝑜𝑣𝑒𝑟 is the potential knowledge that might be relevant in relation to 

Knowledge Base B, AbsorpCapt is absorptive capacity that the firm has in relation to 

Knowledge Base B and IKGt is the industry knowledge gap, i.e., the difference between the 

industry knowledge and the knowledge the firm has. u	is a scaling constant. 

Absorptive capacity is determined as  

  𝐴𝑏𝑠𝑜𝑟𝑝𝐶𝑎𝑝( = 𝑓L	(
"#$%D!

:#!<@(-M"#!
)   (21) 

𝑓L	is a constantly increasing linear function. As the new Knowledge Base B increases will the 

absorptive increase, as the organization has a better understanding of what is relevant in rela-

tion to Knowledge Base B.  The industry knowledge 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦𝐾𝑛(is given as  

  !:#!<@(-M"#!
!(

= P    (22) 

Where P is a constant giving rise to an increase in industry knowledge. The gap between 

Knowledge Base B and industry knowledge IKG is defined as  

𝐼𝐾𝐺( = 𝑀𝑎𝑥(1 − "#$%D%
:#!<!@/-M"#!

, 0)                        (23) 

Similarly, to the Knowledge Base A there is a production and learning curve for Knowledge 

Base B, where 𝑂𝑢𝑡𝑝𝑢𝑡𝐵(	is the number of units given a set of input factors and F𝐵 represents 

the learning per unit produced. 𝑂𝑢𝑡𝑝𝑢𝑡𝐵(is defined as (Barney, 1991; Lin & Polenske, 1998; 

March, 1991) 
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  𝑂𝑢𝑡𝑝𝑢𝑡( = 𝑇D
	(,-./0$1234$-.(5$#!)

789:#3;<(D!	
    (24) 

Here 	𝐹𝑟𝑎𝑐𝑇𝑜𝐸𝑥𝑝𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛( is the share of resources allocated to Knowledge Base B, i.e., ex-

ploration, 𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐵(	is the required input per unit of output and 𝑇D represents the amount 

of inputs available in Knowledge Base B. The 𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐵(	is determined by (Barney, 1991; 

Lin & Polenske, 1998; March, 1991) 

  𝑅𝑒𝑞𝐼𝑛𝑝𝑂𝑢𝑡𝐵(	 = 𝛽D 	(
"#$%D!
=&

)	>𝑩    (25) 

Where 𝛽D is the initially required input when the process starts, 𝜅D is the initial knowledge 

before the process start, i.e., the knowledge before there are any learning curve effects. The 

strengths of the learning curve are given by	𝜇𝑩.  

The unit cost, 𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡𝐵( ,	is given as (March, 1991; Wiener, 1960) 

   𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡𝐵( = 𝐹𝐶D + 𝑇D 		𝑉𝐶D
	(,-./0$1234$-.(5$#!	)

;<(3<(D!
  (26) 

Where 𝐹𝐶D is the fixed cost, 𝑉𝐶D represents the initial variable cost in Knowledge Base B. 

Finally, the earnings form Knowledge Base B are defined as 

  𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠𝐵( =	𝑂𝑢𝑡𝑝𝑢𝑡(	(𝑈𝑃D − 𝑈𝑛𝑖𝑡𝐶𝑜𝑠𝑡()   (27) 

Where 𝑈𝑃D is the constant unit price, i.e., the sales price of one unit.
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Appendix B: Parameter Values 

The values of the parameters used in the model.  

Name Symbol Value 
Learning per Unit A F& 1 
Input available A T& 10 
Initial required input A 𝛽& 2 
Initial knowledge A 𝜅& 10 
Learning curve strength A 𝜇& Log (0.98) 
Fixed Cost A 𝐹𝐶& 0 
Variable Cost A 𝑉𝐶& 10 
Unit Price A 𝑈𝑃& 50 
Scaling constant s 10 
Learningper	unit	B a 0.25 
Weight between BoD & Mgmt. w 0 to 1 
Time to change allocation 𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝐿𝑎𝑔 2 
Scaling constant u 10 
Increase in Industry knowledge P 6 
Input available B 𝑇D 10 
Initial required input B 𝛽D 2 
Initial knowledge B 𝜅& 0.01 
Learning curve strength B 𝜇& Log (0.98) 
Fixed Cost B 𝐹𝐶D 0 
Variable Cost B 𝑉𝐶D 10 
Unit Price B 𝑈𝑃D 50 

Table B1 Value of parameters used in the model 
 
 
 
 

Build in Function Value 
Smooth 3 
Trend 1 

Table B2 Value used in Vensim Functions 
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Abstract 

That the design of incentive structures affects individual search behavior, has been shown both 

in experimental (Ederer & Manso, 2013) and real life (Lee & Meyer-Doyle, 2017) contexts. 

Previous research on this particular topic has focused on one aspect of search, which is where 

individuals search, ignoring the crucial first step in the two-step search process, which is 

whether individuals search (Billinger et al., 2021). This study integrates both steps of the search 

process and investigates how three different incentive structure designs first affect whether and 

then where individuals search. An experiment with a total of 343 participants is conducted, 

where all participants were randomly allocated to one of the three incentive structures, and then 

individually played a computerized problem-solving game. Results show that incentive struc-

ture designs do significantly affect whether individuals search. An incentive structure design 

rewarding maximum performance and a design relying on fixed payment both lead to more 

searches than a design rewarding average performance. The article contributes to the search 

literature by challenging previous results on the topic. Our study highlights the importance of 

the first step in the two-step search process and challenges previous results from the literature 

on where individuals search when applying this two-step operationalization of the search pro-

cess.  

Keywords: Problem-solving, adaptive search, satisficing, exploration, exploitation, incentives, 

Behavioral Theory of the Firm, problemistic search, NK landscape 
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Introduction 

Financial incentives are instruments that have proven to be effective in regulating human be-

havior (Camerer & Hogarth, 1999). Nevertheless, the organizational literature has only to a 

limited extent investigated the role of incentives as a behavioral regulator of search behavior 

among individuals (Lee & Meyer-Doyle, 2017; Nickerson & Zenger, 2004; Purnell et al., 

2014). This study aims to advance our understanding of how desired search behavior can be 

promoted through the design of incentive structures. 

Search behavior is the observed behavioral actions of an agent engaged in solving a problem, 

and it can be conceptualized as a two-step process. When facing a problem as a first step the 

agent needs to decide whether to search for new solution alternatives by comparing perfor-

mance of the current solution alternative with the given aspiration level. The agent will “satis-

fice” (Simon, 1955, 1956) if the aspiration level is met and decide not to actively search for 

new solutions. If the aspiration level on the other hand is not reached, the second step in the 

search process will be triggered, and the agent will start to actively search for new solution 

alternatives in order to reach the aspiration level. Step two is thereby a step where the agent 

has to decide where to search for new solution alternatives. Here an experimentation with so-

lution alternatives similar to the current and already tried ones will reflect an exploitative search 

approach, while an experimentation with more unknown and different ones will reflect an ex-

ploratory search approach (Billinger et al., 2022; Billinger et al., 2021; Cyert & March, 1963). 

 

We argue that whether an agent searches, and where an agent searches can be influenced 

through the incentive structure, since previous organizational literature shows financial incen-

tives influencing several types of behaviors like e.g. idea generation (Baumann & Stieglitz, 

2014), creativity (Charness & Grieco, 2019) and performance (Camerer & Hogarth, 1999; 

Jenkins et al., 1998). This implies that it is important to design the “right” incentive structure 
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in order to induce the desired behavior and outcome in an organization (Burton et al., 2015; 

Gneezy et al., 2011). An organization deals with limited resources meaning that it must prior-

itize which kinds of behaviors its organizational members engage in (March, 1991). Incentive 

structures specifically help regulating behavior among both groups and individuals as they are 

in place in order to reward and thereby increase the amount of desired behaviors. An organiza-

tion must therefore acknowledge and understand that different incentive structure designs also 

promote different types of search behavior in terms of whether and where individuals search 

(Ederer & Manso, 2013; Gneezy et al., 2011; Lee & Meyer-Doyle, 2017; March, 1991; 

Tushman et al., 2010).  

 

Previous research on the effects of incentive structure designs and individual search behavior 

is limited, since only few published articles deal with this despite the fact that March (1991) 

already in 1991 emphasized the importance of incentive structures as a tool to regulate search 

behavior (Lee & Meyer-Doyle, 2017). Nevertheless, two central articles of Lee & Meyer-

Doyle (2017) and Ederer & Manso (2013) are notable examples of previous research, who have 

investigated these relations. Both articles conclude that the design of incentive structures do 

affect individual search behavior, one in an real-world setting (Lee & Meyer-Doyle, 2017) and 

the other one in an experimental setting (Ederer & Manso, 2013). Both articles emphasize the 

importance of costs showing evidence that incentive structures which generate high oppor-

tunity costs make individuals search more exploitatively, and the ones generating low oppor-

tunity costs make individuals search more exploratively. Furthermore, Ederer & Manso (2013) 

conclude that additional rewards in terms of bonuses can make individuals search more explor-

ative if designed with a long-term orientation, where the additional reward is delayed in the 

search process. Common for both articles are that they both only focus on the role of incentives 
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with regards to where individuals search by focusing on the trade-off between exploitation and 

exploration assuming that individuals actively search all the time.  

 

This one-sided focus on the search process is common in the search literature, as the dominat-

ing approach previously has been to investigate separately either whether or where individuals 

search (Billinger et al., 2021). This is the case even though this integrated two-step process is 

crucial in the conceptualization of search behavior according to the theory behind problemistic 

search, where it originates from (Billinger et al., 2021; Cyert & March, 1963). To our 

knowledge, the only two exceptions are Billinger et al. (2021) and Billinger et al. (2022), who 

investigate whether and then where individuals and groups search simultaneously as part of the 

same search process in studies about respectively effects of different feedback structures and 

collaborative search behavior in imperfectly decomposed systems.  

 

This study is to our knowledge the first to investigate the effects of incentive structure designs 

on both whether and where individuals search as part of the same search process. A computer-

ized, round-based, cognitively demanding and combinatorial task adapted from Vuculescu 

(2017) and Billinger et al. (2014) has been used to track and measure individual search behavior 

and performance of 343 individuals in a randomized controlled trial. The study takes departure 

in three different incentive structure designs, where one of them rewards individuals equally 

with a fixed payment regardless of performance, the other rewards individuals with a focus on 

average performance, and the third rewards individuals with a focus on maximum performance. 

These incentive structure designs each have different constellations of the underlying mecha-

nisms, “costs” and “rewards” (Hey et al., 2017; Hutchison-Krupat & Chao, 2014; Manso, 2011) 

making it possible to theorize about these through the incentive structure designs.  
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Results show that incentive structure designs do affect whether individuals search significantly. 

Individuals rewarded based on average performance, which thereby faced high opportunity 

costs were the ones that had the significantly lowest number of searches. Individuals rewarded 

based on their maximum performance, reflecting an incentive structure with low opportunity 

costs and a risk-free gain at the end of the search process, and individuals rewarded with a fixed 

payment only, which as a consequence just faced low opportunity costs and no extra gain, did 

not significantly differ in the number of searches. Regarding where participants searched re-

sults were not significant meaning that it was not possible to conclude that incentive structure 

designs could affect where participants searched. 

 

The contributions of this article are to both the search literature (March, 1991) and the literature 

on incentives (Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017). Building on the central 

work of Billinger et al. (2021), Ederer & Manso (2013) and Lee & Meyer-Doyle (2017) and 

the theory behind problemistic search (Cyert & March, 1963; Greve, 2003a, 2003b; D. 

Levinthal & March, 1981) this study extends the knowledge on the relations among incentive 

structure designs and whether and where individuals search in a context where they on their 

own have to set their aspiration levels based on previous performance feedback. First, the study 

expands the literature by including both steps of the search process in one problem-solving 

context highlighting the importance of the first step, which previous literature on incentives 

structures and search behavior has omitted. Second, the study contributes to the literature on 

problemistic search building on the micro-level research on problemistic search (se e.g. 

Banerjee et al., 2018; Billinger et al., 2021, 2014) by adding knowledge on how incentives 

affect individual search behavior in a problemistic search context. Third, this study also con-

tributes to making theoretical inferences about the underlying mechanisms costs and rewards 

on their role in shaping search behavior.  
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Problemistic Search 

Problemistic search theory is an approach of theorizing about what triggers search. The prob-

lem or task is the first element of problemistic search, where the agent has to solve it by trying 

out solution alternatives. A performance outcome will be received by the agent as a result of 

the chosen solution alternative which she will compare up against a performance target. This 

performance target is known as the “aspiration level” (Cyert & March, 1963), and is defined 

as a formulated goal or objective, which acts as a light in the dark that the agent will strive to 

reach (Cyert & March, 1963; Greve, 2003a, 2003b; Levinthal & March, 1981). Typical factors 

that affect how these are formed are e.g. prior knowledge, comparisons with other agents or 

vicarious learning (Billinger et al., 2021; Cyert & March, 1963). If factors like these are absent 

then the agent must formulate her own aspiration levels continuously by interpreting the feed-

back of the actions she performs (Billinger et al., 2021). The behavioral outcomes of the inter-

pretation and the following consequent actions is what we define as “search behavior” 

(Billinger et al., 2021; Cyert & March, 1963). Search behavior is observed within a search 

process consisting of two interlinked steps, where the agent in the first step needs to decide 

whether to search, and then if she chooses to search, another decision about where to search 

needs to be made. This means that search behavior unfolds in both steps; an agent will interpret 

feedback comparing it up against the aspiration level and act based on it in both steps (Billinger 

et al., 2021; Cyert & March, 1963).   

 

Step 1: Whether to Search 

In Step 1 the agent needs to decide whether to search, as she has to choose either to actively 

search by trying out solution alternatives that are different from the already applied and known 

ones, or stick to the already tried and known status-quo solution alternative. The aspiration 

level is crucial in this choice, as performance is compared against aspiration levels making 
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them decisive for whether to search (Billinger et al., 2021; Cyert & March, 1963). There will 

be no active search, when an agent performs at his or her aspiration level, meaning that the 

same solution alternative in this state will be repeated over and over again. This will be the 

case, since the particular solution alternative has solved the problem in a satisfactory way and 

led to a fulfillment of the stated aspiration level (Billinger et al., 2021; Cyert & March, 1963; 

Hey et al., 2017; Manski, 2017; Simon, 1955, 1956). 

 

Step 2: Where to Search 
 
If an agent on the other hand faces a situation where the performance falls below the aspiration 

level, then this will trigger (Posen et al., 2017) active search in terms of problemistic search 

meaning that the agent will do things differently when solving a problem compared to what is 

done currently (Argote & Greve, 2007; Billinger et al., 2021; Cyert & March, 1963). A trig-

gering of active search leads to Step 2 in the two-step process describing where the agent 

searches (Billinger et al., 2021), where a distinction between exploitation and exploration 

(March, 1991) is made. Exploration is a search strategy where the agent carries out “distant 

search”, implying a use or exploration of new ways of doing things, new resources, new capa-

bilities and new knowledge in the attempt to solve a problem. In contrast, Exploitation is a 

search strategy, where the search efforts are based on “local search”. The agent will focus on 

exploiting already existing knowledge, experiences, resources and capabilities in the decision-

making process (Benner & Tushman, 2002; Gavetti & Levinthal, 2000; March, 1991). Agents 

in all areas of the organization ranging from innovation (Becker et al., 2006; Fleming, 2001), 

organizational design (Rivkin & Siggelkow, 2003; Siggelkow & Rivkin, 2009), human re-

source management (Laursen & Foss, 2003) to strategizing (Ghemawat & Levinthal, 2008) 

switch between the two approaches when conducting active search based on combinations or 

re-combinations of a limited set of choice components (Billinger et al., 2014; Posen & 
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Levinthal, 2012). This will typically happen as a continuous process because of the existing 

bounded rationality (March & Simon, 1958; Simon, 1955, 1957), where agents through the 

search process adapt their actions and behaviors due to the performance feedback they contin-

uously get (Cyert & March, 1963; Greve, 2003a, 2003b; Levinthal & March, 1981;March, 

1991).  

 

As highlighted earlier, previous research has primarily conceptualized the search process as 

either whether or where agents search, instead of integrating the two steps (Billinger et al., 

2021). Research on e.g. routines deals with the first step showing how agents switch back and 

forth between active and non-active search, where routines defined as repetitive actions (Stene, 

1940) reflecting non-active search (see e.g. Farjoun, 2010; Obstfeld, 2012; Turner & Rindova, 

2012). Research on e.g. exploration and exploitation (March, 1991) deals with the second step 

investigating how different solution alternatives agents should try out compared to status-quo 

(see e.g. Andriopoulos & Lewis, 2009; Fang & Levinthal, 2009; Lavie et al. 2010; Posen & 

Levinthal, 2012). We argue in line with Billinger et al. (2021) and the theory behind problem-

istic search (Cyert & March, 1963) that the integration of both steps is necessary in order to 

get a complete understanding of search behavior. Therefore, we find it important to operation-

alize both steps as part of the same search process in order to first investigate whether agents 

stick to status-quo when solving problems and then if they do not, how far away from status-

quo do they then search. 

 

Influences on Whether and Where Individuals Search 

According to the theory behind problemistic search (Cyert & March, 1963) from which the 

two-step search procedure originated, the performance feedback will affect whether and where 

agents search depending on the aspiration level (Argote & Greve, 2007; Chen, 2008; Cyert & 
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March, 1963; Greve, 2003a, 2003b; Levinthal & March, 1981; Posen et al., 2017). Besides 

aspiration levels it is reasonable to expect that incentives also affect search behavior, since they 

work as catalysts in relation to behavioral changes (Barge & Gehlbach, 2012; March, 1991; 

Purnell et al., 2014). Incentives are implemented in organizations in order to promote certain 

types of behaviors, and search behavior is not an exemption. March (1991) argues how im-

portant it is in organizations to design internal organizational forms like incentive structures 

when aiming for encouraging specific constellations of search behaviors.  In order to generally 

understand how incentives affect search, it is important to acknowledge that the design (Gneezy 

et al., 2011) of the incentive structure is crucial. Underlying mechanisms that determine the 

search behavior of the agent are here crucial to understand in order to predict how incentive 

structure designs affect search behavior (Ederer & Manso, 2013; Gneezy et al., 2011; Hey et 

al., 2017; Lee & Meyer-Doyle, 2017; Manski, 2017). The following section will discuss the 

relevant underlying mechanisms. 

 

Cost and Rewards 

Costs and rewards are the two central mechanisms that affect an agent’s search behavior. Costs 

can be direct costs, e.g. information-seeking costs (Fu & Gray, 2006). Another type of costs 

could be opportunity costs, i.e. a gain loss as a result of a missed opportunity because of a 

choice of another opportunity (Billinger et al., 2021; Green, 1894). Costs influence whether an 

agent searches as they affect the deliberations regarding the choice of aspiration level (Hey et 

al., 2017). The higher the costs associated with finding a good enough aspiration level, the less 

will the agent search and the quicker satisfice with a given aspiration level (Hey et al., 2017; 

Manski, 2017). Costs also affect where agents search as they reflect the degree of tolerance for 

failure (Manso, 2011). Tolerance for failure describes to what extent failures leading to lower 

performance are tolerated, and this is closely related to search distance, i.e. how exploratively 
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an agent searches (Ederer & Manso, 2013; Hutchison-Krupat & Chao, 2014; Manso, 2011, 

2017). More explorative search behavior meaning a longer search distance is associated with 

high degree of experimentation. Some of the experimentation efforts will fail and eventually 

cause a lower performance, so in order to promote a higher degree of explorative behavior it is 

important to tolerate failure in the beginning of a search process (Ederer & Manso, 2013; 

Hutchison-Krupat & Chao, 2014; Manso, 2011, 2017; Tian & Wang, 2014). Decreasing costs 

associated with searching will lead to more explorative search (Mehlhorn et al., 2015) reflect-

ing a higher tolerance for failure (Ederer & Manso, 2013; Manso, 2011) and vice versa if the 

costs increase (Ederer & Manso, 2013; Manso, 2011; Mehlhorn et al., 2015). This study focus-

ses on investigating the role of opportunity costs when working with costs in the operationali-

zation of the incentive structure designs. Since costs can be categorized as ‘direct costs’ and 

‘opportunity costs’ separately, this means that costs should not be considered being one con-

struct (Green, 1894). We therefore find it important to separate the investigation of these two 

types of costs to show a more nuanced picture of how costs affect search behavior through the 

incentive structure design. 

 

Rewards are another mechanism that affect an agent’s search behavior. Regarding whether to 

search, it should be noted that it is risky to search compared to not searching (Billinger et al., 

2021), and since a high probability of gaining a reward will make agents conduct more risky 

actions (Markowitz, 1952; Oliver, 2018), it is expected that agents will search more when the 

probability of gaining a reward is higher. Rewards are also associated with where agents search 

(Mehlhorn et al., 2015). Here the same argument about risky decisions vs. the probability of 

gaining a reward can be applied, as explorative search is more risky compared to exploitative 

search meaning that an increase in the probability of gaining a reward will lead to more explor-

atory search (Markowitz, 1952; Mehlhorn et al., 2015). Additionally, in order to affect active 
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search behavior, it is not enough just to increase or decrease the probability of getting the re-

ward or the size of it, as the design of the rewarding principle is crucial. A design based on 

long-term performance promote explorative search behavior, since that will generate room for 

experimentation and unpunished failures in the earlier phases of the search process (Ederer & 

Manso, 2013; Manso, 2011). The long-term orientation of the rewarding principle is about 

having a holistic view on performance, where the agent’s long-term performance is in focus. 

This can be implemented by for example delaying the compensation, where agents get re-

warded later in a search process instead of directly after each search. A contrasting rewarding 

principle based on a short-term orientation, where the focus is on short-term performance, will 

on the other hand promote exploitative search behavior (Ederer & Manso, 2013; Manso, 2011, 

2017). 

 

The ways in which organizations can use costs and rewards in their design of incentive struc-

tures will be discussed in the following section, where three different incentive structure de-

signs with different combinations of the underlying mechanisms are presented. 

 

 

Design of incentive structures and hypotheses 

Three different incentive structure designs with different levels and variations of the underlying 

design mechanisms are chosen in this study, and the compositions of each incentive structure 

will be discussed in the following paragraphs. The operationalization of the incentive structures 

is done based on a logic where each incentive structure represents a different underlying cost 

and reward structure in line with the design principles in papers by Ederer & Manso (2013) 

and Lee & Meyer-Doyle (2017). This makes is possible to make predictions about how 
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individuals will search when comparing the incentive structures up against each other based on 

how the different constellations of costs and rewards should drive search behavior.  

 

Incentive Structure 1: Fixed payment only 
In this incentive structure agents are paid a fixed amount regardless of their performance 

(Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017). Agents do not face any costs or any 

additional rewards, since the final payment is not affected by neither good nor bad performance 

outcomes (Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017; Manso, 2011).  

 

Incentive Structure 2: Fixed payment plus bonus based on average performance 

Agents in this incentive structure are paid a fixed amount plus an additional bonus based on 

average performance, i.e. the size of the bonus is determined by the performance feedback in 

each of the n actions (Lee & Meyer-Doyle, 2017). Costs in this incentive structure are high 

implying that each time an agent encounters failure in terms of a lower performance, it will 

have a negative influence on the final payment causing high opportunity costs (Ederer & 

Manso, 2013; Reader, 2015). High opportunity costs are created by the additional reward be-

cause of its short-term oriented focus, where the size of the reward is based on an evaluation 

of all actions starting from the first one. This makes the agent feel a gain loss in terms of missed 

opportunities in each action (Green, 1894; Manso, 2011).  

 

Rewarding average performance generates higher costs contained in the high opportunity costs, 

which do not exist when rewarding with a fixed payment only. This alone would make agents 

in the fixed payment only structure do more active search and search more exploratory than 

agents in an incentive structure rewarding average performance. Classical economists would 

on the other hand argue that an extra reward by default would make an agent do an extra effort, 

i.e. search more and more exploratory, in order to optimize its performance (Ederer & Manso, 
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2013; Mehlhorn et al., 2015). Empirical studies have found support for this only under specific 

circumstances. A meta-analysis of these empirical studies shows that in a context where an 

agent faces a mundane, boring and repetitive task all intrinsic motivation disappears making 

the agent only motivated by extrinsic rewards like money (Camerer & Hogarth, 1999). Fur-

thermore, we know from the literature that extrinsic monetary rewards can crowd out intrinsic 

motivation under certain circumstances meaning that an agent’s inherent intrinsic motivation 

gets diminished by the introduction of an extrinsic monetary reward (Frey, 1994). According 

to Frey (1994) the more the reward is contingent on performance, the more will it diminish 

intrinsic motivation. We therefore argue that when facing a non-routine and cognitively de-

manding effort-task, agents will also be intrinsically motivated (Deci et al., 1999; White, 1959) 

to find the best solution (Camerer & Hogarth, 1999; Ederer & Manso, 2013). Agents in these 

types of tasks will therefore still exert themselves to do an effort in finding the best solution no 

matter whether they are rewarded extrinsically for the added effort or not. Since this study is 

based on a cognitively demanding effort-task (see task description further down) intrinsic mo-

tivation is expected to exist, and we expect based on prior literature that intrinsic motivation is 

diminished among individuals rewarded based on average performance, since their rewards are 

contingent on all their performance scores. Furthermore, we know that agents rewarded based 

on average performance face opportunity costs, which agents rewarded based on fixed payment 

do not. Therefore, it is to be expected that agents rewarded based on fixed payment due to an 

expected higher level of intrinsic motivation and a lower level of costs will search more and 

also do more exploratory search than agents rewarded based on average performance. As a 

result of all this, following hypotheses are formulated: 

 

H1: Individuals in Incentive Structure 1 (Fixed payment only) will search more than individu-

als in Incentive Structure 2 (Fixed payment + bonus based on average performance). 
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H2: Individuals in Incentive Structure 1 (Fixed payment only) will have a higher degree of 

explorative search behavior than individuals in Incentive Structure 2 (Fixed payment + bonus 

based on average performance). 

 

Incentive Structure 3: Fixed payment plus bonus based on maximum performance 

This incentive structure pays agents a fixed amount plus an additional bonus based on maxi-

mum performance, where only the action with the highest performance score out of n actions 

is decisive for the size of the bonus (Wu et al., 2018). Costs in this incentive structure are low, 

since only one (the best) action determine the size of a bonus, which eliminates possible op-

portunity costs and creates possibilities for experimentation. This allows the agent to try out 

different solution alternatives and encounter lower performance without it affecting the final 

pay (Ederer & Manso, 2013; Manso, 2011; Reader, 2015; Wu et al., 2018). As in the previous 

incentive structure design a reward for trying out new solutions is present, but the reward in 

this incentive structure has a long-term orientation. It is long-term, since the agent gets a fixed 

time horizon in which it is possible to experiment, and performance will then first be evaluated 

in terms of bonus payment, when this time horizon has expired (Manso, 2011).  

 

Agents rewarded based on maximum performance will encounter both low costs and a reward 

with a long-term orientation, which both lead to more searches and more exploratory searches, 

while agents rewarded based on average performance will face high opportunity costs caused 

by a reward with a short-term orientation. These factors lead to the following hypotheses:  
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H3: Individuals in Incentive Structure 3 (Fixed payment + bonus based on maximum perfor-

mance) will search more than individuals in Incentive Structure 2 (Fixed payment + bonus 

based on average performance). 

 

H4: Individuals in Incentive Structure 3 (Fixed payment + bonus based on maximum perfor-

mance) will have a higher degree of explorative search behavior than individuals in Incentive 

Structure 2 (Fixed payment + bonus based on average performance). 

 

Agents rewarded with a fixed payment only and agents rewarded based on maximum perfor-

mance both face low costs, and the difference between the two incentive structure designs lies 

in the existence of the bonus in Incentive Structure 3, which is not present in Incentive Structure 

1. This bonus is a certain, long-term oriented gain without any risk of losing anything attached 

to it. Since a high probability of gain is directly related to a bigger degree of risky behavior i.e. 

more search and more exploratory search in this context (Billinger et al., 2021; Markowitz, 

1952; Oliver, 2018), and the bonus has a long-term orientation, the following hypotheses are 

formulated: 

 

H5: Individuals in Incentive Structure 3 (Fixed payment + bonus based on maximum perfor-

mance) will search more than individuals in Incentive Structure 1 (Fixed payment only). 

 

H6: Individuals in Incentive Structure 3 (Fixed payment + bonus based on maximum perfor-

mance) will have a higher degree of explorative search behavior than individuals in Incentive 

Structure 1 (Fixed payment only). 
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Table 1:  Summary of Incentive Structures 
 

Summary Incentive Structure 1 Incentive Structure 2 Incentive Structure 3 

Costs 
 

Low 
 

 
High 

 

 
Low 

 

Rewarding Search No 
 

Yes 
 (Short-term orientation) 

 
Yes 

(Long-term orientation) 
 

 
 

Experimental design 

An experimental research design with a between-groups comparisons (Charness et al., 2012) 

was chosen in order to infer causal effects of incentive structures designs on individual search 

behavior (Lonati et al., 2018; Roth, 1986). 

 

Experimental procedure and subjects 

The experiment was conducted with Danish 18-21-year-old high school students from three 

high schools after being approved by the Aarhus University Research Ethics Committee with 

the serial number 2019-37. Participants were randomly allocated into one of the three incentive 

structures, and each participant shared a space with approximately 20-50 others from the same 

incentive structure. All spaces were supervised to ensure that there was no communication 

among the participants. In order to make it as laboratory-like as possible, principles and rec-

ommendations regarding class room experiments, e.g. an active inclusion of the high school 

staff in organizing and planning the data collection sessions, were followed to ensure control 

of the environment and randomization (Lonati et al., 2018; Loyd et al., 2005; Roth, 1986). 

Participants were asked to sign a consent form, and then asked to fill in a short questionnaire 

about their gender, study line and personality. After finishing the questionnaire, the participants 

were asked to play an online game.  
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Data from 434 participants are used in this study of which 91 participants are excluded making 

the final sample consist of 343 participants (144 males, 197 females and two that did not answer 

the gender question). Out of the 91 excluded participants, four participants had prior knowledge 

of the game, 76 participants failed the manipulation control question asking the participants 

after the game how they were rewarded and 11 participants either violated the experimental 

procedures e.g. by engaging in communication; had technical issues with the online game; had 

an unidentifiable gameID; or did not complete the game. 

 

Control and treatment groups 

The three groups below reflect each one of the three different incentive structure designs de-

scribed previously. The sizes of rewards were calculated based on participation in this game 

plus participation in one additional game unrelated to this one. They were discussed with high 

school staff in order to ensure a fair fixed payment and a considerable bonus opportunity, which 

by the students was perceived as valuable. 

 

Control Group = Incentive Structure 1: Fixed payment only 

• Participants receive a fixed payment of 25 DKK (» 3.7 USD) 

Treatment 1 = Incentive Structure 2: Fixed payment plus bonus based on avg. performance 

• Participants receive a fixed payment of 25 DKK (» 3.7 USD), and have an opportunity 

to earn up to 75 DKK (» 11 USD) from a bonus based on their average performance 

across all the 25 rounds in the game. 

Treatment 2 = Incentive Structure 3: Fixed payment plus bonus based on max. performance 

• Participants receive a fixed payment of 25 DKK (» 3.7 USD), and have an additional 

opportunity to earn up to 75 DKK (» 11 USD) from a bonus based on their maximum 
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performance across all the 25 rounds in the game, i.e. only the round with the best 

performance affects the size of the bonus. 

 

Participants were told the above information that was relevant for the experimental group. This 

means that each participant got information about how his or her specific incentive structure 

design looked like in terms of the reward principle and the amount of money that could be 

earned. Participants were not told in details how the specific calculations of the monetary in-

centive were done, and participants in the treatment groups did not know the final size of their 

monetary reward before the experiment had ended.  

 

Task description 

This study is based on an adapted version of the validated problem-solving game called Alien 

Game developed by Vuculescu (2017), and is similar in nature to the experimental task used 

in Billinger et al. (2014). Participants in the game play individually, and get a set of eight binary 

components, where each of the components can have the shape of either a square or a triangle. 

It is a combinatorial task, where the participant based on these eight components is supposed 

to create an Alien Code that generates the highest possible score by replacing the shapes of the 

eight components and thereby create different sequences of triangles and squares (see Figure 

1). Performance feedback is given after each round in form of a point score for that particular 

sequence. It is possible for the participants to see their earlier submitted solutions and the cor-

responding point scores until the end of the game. The game consists of 25 rounds where each 

round is one code that the participants submit. It is up to the individual participant to decide 

how much the Alien Code should change from one round to another, i.e. a participant can 

choose not to change anything, all of the shapes or any number of them. The task is an effort-

responsive task (Camerer & Hogarth, 1999), since it pays off for participants to invest cognitive 
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effort in understanding and keep checking previous Alien Code submissions from round to 

round in order to better understand the underlying performance landscape.  

 

The underlying performance landscape is the structure of the game; it represents all possible 

combinations of components in the game and their corresponding performance outcomes. The 

performance landscape, that Alien Game is based on, is a NK landscape (Kauffman, 1993; 

Kauffman & Levin, 1987).  

NK landscapes are in theory N-dimensional objects, but for practical reasons it makes sense to 

view them as three-dimensional surfaces (Csaszar, 2018) that are rugged with local and global 

peaks, where the “height” of the landscape represent performance outcomes. An agent in a NK 

landscape has N possible components to combine in different ways, and 2I is the number of 

possible component combinations inside this landscape. The N in Alien Game is 8, since a 

participant can toggle eight components, which means that there are 2O = 256 different solu-

tions with corresponding pay-offs in terms of performance scores in this landscape. The N 

components can be interdependent in different degrees based on the size of the K. Having a 

NK landscape with K=0 means that the N components will be totally independent of each other. 

The higher the K, the more interdependent will the components be, and the more complex will 

the landscape structure become. The interdependence should be understood as to which degree 

all other components will be affected when one component is changed. K in Alien Game is 3, 

which categorizes this landscape to be a low-medium complex rugged landscape (Billinger et 

al., 2014) with a maximum performance score in this landscape of 0.719, and a minimum per-

formance score of 0.101. 

The agent in the NK landscape does not know the underlying structure of the landscape in 

advance, but by combining or recombining the N components the agents can gain performance 

feedback. That is each time one or more components are changed the agent moves in the 
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landscape becoming increasingly familiar with the structure (Billinger et al., 2014; Kauffman, 

1993; Kauffman & Levin, 1987). Principles of combination, recombination and performance 

feedback in relation to search behavior have often in the literature been researched by the use 

of NK landscapes in especially simulation studies (Baumann et al., 2019). Notable examples 

include (Gavetti & Levinthal, 2000; Knudsen & Levinthal, 2007; Levinthal, 1997; Rivkin & 

Siggelkow, 2002; Siggelkow & Rivkin, 2006, 2009). Baumann et al. (2019) have called for 

more experimental studies in order to test the theoretical predictions derived from the simula-

tion studies. This can according to the authors give us a more realistic representation of search 

behavior and enable further simulation studies.  

 

Figure 1: Excerpt of the Experimental Task1 
 

 
 

 
1 The tabs are in Danish, since the participant were Danish-speaking. “Se instruktioner” means “See instruc-
tions”, “Se tidligere indsendte løsninger og tilhørende scores” means ”See earlier submitted solutions and 
their corresponding scores”, ”Løsning” means ”Solution”, ”Forsøg nummer” means ”Attempt number”, and 
“Indsend alienkode” means “Submit alien code”. 
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Analysis 
 
 
Dependent variables 

Hamming Distances are used to measure search behavior across the 25 rounds. A Hamming 

Distance is the difference between two code strings of same length in terms of changes in the 

corresponding code string variables (Hamming, 1950). A Hamming Distance of 0 reflects no 

active search and is coded as 0 in the binary variable “Active Search” indicating that the par-

ticipant has the same behavior as shown in his or her so far best performing round. The so far 

best performing round is used as reference point reflecting the current aspiration level as done 

it is done in previous literature – see e.g. (Billinger et al., 2014). All Hamming Distances above 

0 reflect active search behavior and these are coded with 1 in the “Active Search” variable. 

Exploitation and Exploration are defined as a continuum ranging from Hamming Distances of 

1-8 measured by the continuous variable “Search Distance” in line with previous research 

(Billinger et al., 2021). The more symbols an agent changes, the higher Hamming Distance, 

implying more explorative search. The “Search Distance” variable measures search behavior 

as a continuous variable reflecting the degree of explorative or exploitative search behavior in 

a more nuanced way compared to a binary variable that classifies search behavior as either 

explorative or exploitative, which is applied in e.g. (Banerjee et al., 2018). 

 
Modelling the Search Process 

As outlined earlier whether and where decision makers search is a two-step process. This pro-

cess needs to be reflected in the regression analyses of the data, which is why we have turned 

to a particular class of regression models known as hurdle models (Cragg, 1971; Mullahy, 

1986). A hurdle model is divided into two steps, where the first regression determines whether 

an event happens, and then the second regression takes over if the specific event happens and 

analyzes the data (Cragg, 1971; Mullahy, 1986). Billinger et al. (2021) applied Heckman 
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regressions to operationalize the two-step process, but we have chosen hurdle model regres-

sions as they assume that the first step of the search process is an active and observable choice, 

where a participant actively either chose to search or not to search (Humphreys, 2013). The 

dependent variable in the first regression, fitted based on a Binomial distribution, is “Active 

Search” (See Table 2 for variable definition) measuring whether individuals search. Independ-

ent variables in this regression are Incentive Structure, Time, Feedback, Number of Unsuccess-

ful Trials, Prior Search Distance and Immediate Feedback (See Table 2 for variable defini-

tions). The dependent variable in the second regression, fitted based on a truncated Poisson 

distribution, is “Search Distance” measuring where individuals search. Independent variables 

here are also Incentive Structure, Time, Feedback, Number of Unsuccessful Trials, Prior 

Search Distance and Immediate Feedback (See Table 2 for variable definitions). The “Incentive 

Structure” variable investigates the main hypothesized effects in both regression where the 

different incentive structures are compared up against each other, while the other independent 

variables appear as control variables and are included due to the fact that Billinger et al. (2021) 

and Billinger et al. (2014) show their importance in affecting individual search behavior. Com-

parisons of the different incentive structures are directly testing the earlier stated hypotheses as 

all incentive structure designs are compared to each other. This means that both treatments are 

individually compared to the control group, but they are also compared to each other. This 

applies both for models testing whether and where individuals search. An additional random 

effect variable is added to both regression steps in order to deal with the violation of the as-

sumption of independent observations, since this data set consists of 25 observations per par-

ticipant that we do not assume are independent (Gurka & Edwards, 2007; Harrison et al., 2018). 
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Results 

Table 2 shows an overview of all variables. Notice in Table 2 that the mean of the binary 

variable “Active Search” is ranging from 0.89-0.97 across incentive structures conditions in-

dicating that participants in most of the rounds did active search. The other dependent variable 

“Search Distance” is also displayed in Table 2 depicting the total search distance that partici-

pants had including distances of 0, where participants did not search. In the following regres-

sion analyses of active search behavior, search distances of 0 are not parts of the analyses as 

prescribed by the earlier described two-step process. 

 

Table 2: Overview of Variables and Basic Descriptive Statistics 
 

Variable 
Name  I1 I2 I3 Definition of Variable 

Search Dis-
tance 

Mean 
Std. Dev. 

Min. 
Max. 

3.41 
2.08 

0 
8 

3.23 
2.16 

0 
8 

3.48 
1.99 

0 
8 

Hamming Distance com-
pared to the so far best 

performance round 

Active Search 

Mean 
Std. Dev. 

Min. 
Max. 

0.96 
0.19 

0 
1 

0.89 
0.31 

0 
1 

0.97 
0.17 

0 
1 

Active search or no 
search within a specific 

round 

Time 
(Rounds) 

Min. 
Max. 

1 
25 

1 
25 

1 
25 

Indicates which round the 
participant is in 

Feedback 

Mean 
Std. Dev. 

Min. 
Max. 

 
0.13 
0.34 

0 
1 
 

 
0.19 
0.39 

0 
1 
 

 
0.13 
0.34 

0 
1 
 

Whether the participant 
perform at or above the 

aspiration level (the so far 
best performance score)  

Number of 
unsuccessful 

trials 

Mean 
Std. Dev. 

Min. 
Max. 

 
5.28 
4.91 

0 
24 
 

 
4.97 
5.14 

0 
24 
 

 
5.37 
5.04 

0 
24 
 

Number of trials since the 
participant performed his 

or her so far best score 

Prior search 
distance 

Mean 
Std. Dev. 

Min. 
Max. 

 
3.30 
2.13 

0 
8 

 
3.13 
2.20 

0 
8 

 
3.35 
2.08 

0 
8 

Search distance in trial 
prior to the current 



 
 

 
 

158 

Immediate 
feedback 

Mean 
Std. Dev. 

Min. 
Max. 

0.47 
0.50 

0 
1 

 
0.45 
0.50 

0 
1 
 

 
0.46 
0.50 

0 
1 
 

Whether performance in 
prior trial exceeded per-
formance in the trial be-

fore that one 

Participant  129 106 108 Number of participants in 
the experiment 

Performance 
(Fitness) 

Mean 
Std. Dev. 

Min. 
Max. 

0.493 
0.113 
0.10 
0.72 

0.500 
0.114 
0.10 
0.72 

0.490 
0.110 
0.10 
0.72 

Fitness score in the NK 
landscape reflecting per-

formance 

 
Note: I1 = Incentive Structure 1 (Fixed payment only), I2 = Incentive Structure 2 (Fixed payment + bonus based 
on average performance), I3 = Incentive Structure 3 (Fixed payment + bonus based on maximum performance) 

 
 
 
Figure 2 shows the percentage of participants that searched actively across the 25 rounds. Fig-

ure 2 shows that an increasing number of participants stop searching as they get closer to the 

end of the game. There is a relatively steep increase in the number of participants that stop 

searching in the last rounds of the game. It should also be noted that generally across all rounds 

there seems to be a higher percentage of people that do not search in Group 2 compared to the 

two other groups.  
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Figure 2: Participants Doing Active Search 
 

 

Note: Group 1 = Incentive Structure 1 (Fixed payment), Group 2 = Incentive Structure 2 (Fixed payment + bonus based on 
average performance), Group 3 = Incentive Structure 3 (fixed payment + bonus based on maximum performance) 

 
 

Figure 3 illustrates active search behavior measured as average Hamming Distances across 

rounds and incentive structures. The general picture of active search seems to be very similar 

across all incentive structures, even though we hypothesized differences among the groups. 

Notice that across all incentive structure conditions, participants search more exploratory in 

the beginning of the game due to the higher average Hamming Distances. However, the degree 

of exploratory search decreases and stabilizes after the first 7-8 rounds at a Hamming Distance 

of about 3.5.  
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Figure 3: Participants Doing Active Search 
 

 

Note: Group 1 = Incentive Structure 1 (Fixed payment), Group 2 = Incentive Structure 2 (Fixed payment + bonus based on 
average performance), Group 3 = Incentive Structure 3 (fixed payment + bonus based on maximum performance) 
 
Note: Hamming Distances are averages for each round 
 
 

Table 3 shows the results of the regressions related to the testing of “Active Search” (see Table 

2 for variable definition). Three regressions are operationalized and run with one of the three 

different incentive structures as reference group in each regression in order to compare all the 

incentive structure designs as discussed earlier when the modelling of the search process was 

outlined. The results in Table 3 are related to Hypotheses 1, 3 and 5, testing differences in 

whether participants search among the different groups.  
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Table 3: Whether to Search - Regressions 

Variable 

(Model 1) 
1st step Hurdle Model 

Active search 
 

(Reference group: I1) 

 
(Model 2) 

1st step Hurdle Model  
Active search 

 
(Reference group: I2) 

(Model 3) 
1st step Hurdle Model 

Active search 
 

(Reference group: I3) 

Intercept 
4.947 

(0.276) 
[0.000]*** 

3.949 
(0.263) 

[0.000]*** 

5.168 
(0.295) 

[0.000]*** 

I1 vs. I2 
-0.998 
(0.233) 

[0.000]*** 

0.998 
(0.233) 

[0.000]*** 
 

I1 vs. I3 
0.222 

(0.255) 
[0.384] 

 
-0.222 
(0.255) 
[0.384] 

I2 vs. I3  
1.219 

(0.251) 
[0.000]*** 

-1.219 
(0.251) 

[0.000]*** 

Time (Rounds) 
-0.118 
(0.010) 

[0.000]*** 

-0.118 
(0.010) 

[0.000]*** 

-0.118 
(0.010) 

[0.000]*** 

Feedback 
-0.618 
(0.180) 

[0.001]*** 

-0.618 
(0.180) 

[0.001]*** 

-0.618 
(0.180) 

[0.001]*** 

Number of unsuccess-
ful trials 

0.025 
(0.017) 
[0.132] 

0.025 
(0.017) 
[0.132] 

0.025 
(0.017) 
[0.132] 

Prior search distance 
0.175 

(0.034) 
[0.000]*** 

0.175 
(0.034) 

[0.000]*** 

0.175 
(0.034) 

[0.000]*** 

Immediate feedback 
0.493 

(0.129) 
[0.000]*** 

0.493 
(0.129) 

[0.000]*** 

0.493 
(0.129) 

[0.000]*** 

    

Number of observa-
tions 8232 8232 8232 

Log-likelihood -1293.69 -1293.69 -1293.69 

AIC 2605.4 2605.4 2605.4 

Variables (Random 
effects)    
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Participant (Intercept) 1.625 
(1.275) 

1.625 
(1.275) 

1.625 
(1.275) 

 

Note: I1 = Incentive Structure 1 (Fixed payment), I2 = Incentive Structure 2 (Fixed payment + bonus based on 
average performance), I3 = Incentive Structure 3 (fixed payment + bonus based on maximum performance) 
 
Note: 
. Statistically significant result at 𝛼 = 0.1 
* Statistically significant result at 𝛼 = 0.05 
** Statistically significant result at 𝛼 = 0.01 
*** Statistically significant result at 𝛼 = 0.001 
 
Note: Standard errors in parentheses (except for random effect), and p-values in brackets 
 
Note: For random effect - Variance values as first number and standard deviation in parentheses 
 

 
 

Based on the results in Table 3, Hypothesis 1 can be supported, since the parameter estimate is 

-0.998 (p-value: <0.001) in Model 1, implying support for the claim that participants rewarded 

based on fixed payment only search more than participants rewarded based on average perfor-

mance.  

Hypothesis 3 is also supported. Participants rewarded based on maximum performance do 

search more than participants rewarded based on average performance illustrated by the pa-

rameter estimate of 1.219 (p-value: <0.001) in Model 2.  

Results do not provide support for Hypothesis 5 meaning we cannot conclude that participants 

rewarded based on maximum performance search significantly more than participants re-

warded based on fixed payment only. The parameter estimate of 0.222 (p-value: 0.384) in 

Model 1 indicates a difference in the anticipated direction, but the result is not significant. 

 

Turning to the remaining hypotheses, Table 4 shows three other regressions, which are related 

to hypotheses 2, 4 and 6, again three regressions where the only differences among them are 

different reference groups. The dependent variable is here “Search Distance” (See Table 2 for 

variable definition) testing for where participants search.  
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Table 4: Where to Search - Regressions 

Variable 

(Model 1) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I1) 

(Model 2) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I2) 

(Model 3) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I3) 

Intercept 
1.170 

(0.027) 
[0.000]*** 

1.204 
(0.029) 

[0.000]*** 

1.192 
(0.029) 

[0.000]*** 

I1 vs. I2 
0.034 

(0.032) 
[0.296] 

-0.034 
(0.032) 
[0.296] 

 

I1 vs. I3 
0.022 

(0.032) 
[0.498] 

 
-0.022 
(0.032) 
[0.498] 

I2 vs. I3  
-0.012 
(0.034) 
[0.719] 

0.012 
(0.034) 
[0.719] 

Time (Rounds) 
-0.018 
(0.001) 

[0.000]*** 

-0.018 
(0.001) 

[0.000]*** 

-0.018 
(0.001) 

[0.000]*** 

Feedback 
-0.058 
(0.024) 
[0.016]* 

-0.058 
(0.024) 
[0.016]* 

-0.058 
(0.024) 
[0.016]* 

Number of unsuc-
cessful trials 

0.017 
(0.002) 

[0.000]*** 

0.017 
(0.002) 

[0.000]*** 

0.017 
(0.002) 

[0.000]*** 

Prior search dis-
tance 

0.045 
(0.003) 

[0.000]*** 

0.045 
(0.003) 

[0.000]*** 

0.045 
(0.003) 

[0.000]*** 

Immediate feed-
back 

-0.021 
(0.014) 
[0.139] 

-0.021 
(0.014) 
[0.139] 

-0.021 
(0.014) 
[0.139] 

    

Number of obser-
vations 7771 7771 7771 

Log-likelihood -15071.3 -15071.3 -15071.3 

AIC 30160.6 30160.6 30160.6 

Variables (Ran-
dom effects)    
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Participant (Inter-
cept) 

0.045 
(0.213) 

 
0.045 

(0.213) 
 

 
0.045 

(0.213) 
 

 

Note: I1 = Incentive Structure 1 (Fixed payment), I2 = Incentive Structure 2 (Fixed payment + bonus based on 
average performance), I3 = Incentive Structure 3 (fixed payment + bonus based on maximum performance) 
 
Note: 
. Statistically significant result at 𝛼 = 0.1 
* Statistically significant result at 𝛼 = 0.05 
** Statistically significant result at 𝛼 = 0.01 
*** Statistically significant result at 𝛼 = 0.001 
 
Note: Standard errors in parentheses (except for random effect), and p-values in brackets 
 
Note: For random effect - Variance values as first number and standard deviation in parentheses 
 
 

 

Results provide no support for any of the hypotheses 2, 4 and 6 illustrated by the insignificant 

parameter estimates in Models 1, 2 and 3 when comparing the incentive structures. This means 

that based on the results we cannot conclude that the incentive structures designs have an im-

pact on where participants search. 

Expected effect sizes of the hypothesized differences in this study have not been stated. This 

is the case since results from prior literature on this topic (Ederer & Manso, 2013; Lee & 

Meyer-Doyle, 2017), which we could have based our expected effect sizes on, have a signifi-

cantly different operationalization of search behavior compared to this study.  
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Table 5: Hypothesis Testing – An Overview 
 

Hypothesis Result 

H1: Individuals in Incentive Structure 1 (Fixed payment only) will search 
more than individuals in Incentive Structure 2 (Fixed payment + bonus 

based on average performance) 
Supported 

H2: Individuals in Incentive Structure 1 (Fixed payment only) will have a 
higher degree of explorative search behavior than individuals in Incentive 

Structure 2 (Fixed payment + bonus based on average performance) 
Not supported 

H3: Individuals in Incentive Structure 3 (Fixed payment + bonus based on 
maximum performance) will search more than individuals in Incentive 

Structure 2 (Fixed payment + bonus based on average performance) 
Supported 

H4: Individuals in Incentive Structure 3 (Fixed payment + bonus based on 
maximum performance) will have a higher degree of explorative search 

behavior than individuals in Incentive Structure 2 (Fixed payment + bonus 
based on average performance) 

Not supported 

H5: Individuals in Incentive Structure 3 (Fixed payment + bonus based on 
maximum performance) will search more than individuals in Incentive 

Structure 1 (Fixed payment only) 
Not supported 

H6: Individuals in Incentive Structure 3 (Fixed payment + bonus based on 
maximum performance) will have a higher degree of explorative search 
behavior than individuals in Incentive Structure 1 (Fixed payment only) 

Not supported 

 
 

Two sets of robustness tests related to this study were conducted. First, Mixed-Effect Probit 

Regression Models were used to test Hypotheses 1-3, and Mixed-Effect Effect OLS Poisson 

Regressions were used to test Hypotheses 4-6. Then, Heckman regressions inspired by the 

ones conducted in Billinger et al. (2021) were conducted. Results of these robustness tests 

show that all conclusions reported in Table 5 regarding results of the hypothesis testing were 

replicated. Furthermore, in an additional online (Prolific) study we were able to replicate the 

results of all the above supported hypotheses (see Appendix A2).  
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Discussion and Conclusions 

Building on the theory of problemistic search (Cyert & March, 1963), this study investigates 

the role of different incentives structure designs on individual search behavior. Search behavior 

is conceptualized as the behavioral outcomes of a search process, which is divided into two 

steps; first step is to determine whether individuals search, and in case they search, second step 

is to investigate where they search (Billinger et al., 2022, 2021; Cyert & March, 1963). Here 

we hypothesize that the design of incentive structures is crucial for how search behavior will 

be affected both regarding whether and where individuals search. 

 

We show in our study, in line with Lee & Meyer-Doyle (2017) and Ederer & Manso (2013), 

that incentive structures do affect search behavior, and how crucial the design is, but we differ 

in our conceptualization of search behavior. We both investigate first whether and then where 

individuals search as the earlier described two-step procedure, while Lee & Meyer-Doyle 

(2017) and Ederer & Manso (2013) omit the first step in their conceptualizations of search 

behavior. Our results show that this omitted step has a significant role in the investigation of 

how incentive structures affect search behavior. We find that incentive structures that generate 

low opportunity costs do make individuals search more, but we also find contrary our predic-

tions that an extra long-term oriented reward does not in itself make individuals search signif-

icantly more. What we cannot tell based on our results is if the investigated incentive structures 

affect where individuals search in terms of exploitative or explorative search due to the non-

significant results. We conclude in other words that incentive structures do affect the intensity 

of searches (Chen & Miller, 2007; Greve, 2003a), but we cannot provide clear evidence for 

their impacts on search breadth (March, 1991). When comparing our results with the results of 

prior literature on the topic (Ederer & Manso, 2013; Lee & Meyer-Doyle, 2017), then we do 

neither claim that our results are misaligned with their results nor that our results contradict 
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their results. We add complementary knowledge to their conclusions. The authors found that 

incentive structures focusing on rewarding average performance tend to lead to significantly 

more exploitative search behavior compared to rewarding based on maximum performance or 

based on a fixed payment. When operationalizing search behavior as a one stage continuous 

scale ranging from exploitation to exploration as done in prior research (see Table 1, Appen-

dix), we reach similar conclusions saying that rewarding based on average performance leads 

to significantly more exploitative search than when rewarding based on maximum performance 

or fixed payment. Nevertheless, we differ in our conceptualization compared to the mentioned 

prior literature as we conceptualize search behavior as a two-step search process including the 

step ‘whether to search’, which is omitted in prior literature. We therefore argue that our results 

are complementary to the existing ones by adding knowledge from a different perspective.  

 

The inclusion of the first step in the conceptualization of search behavior when investigating 

the effects of different incentive structures leads to our first and main contribution. We argue 

that not analyzing the two steps separately hides relevant behavioral differences. In fact, had 

we not analytically separated the process into two steps, and operationalized search behavior 

as prior literature on incentive structures and individual search behavior has done (see discus-

sion above), we could have argued that individuals rewarded based on average performance 

engage in less exploratory search compared to individuals based on fixed payment only or 

maximum performance (See Table A1, Appendix). This conclusion is not the same as when 

including the first step of the search process, where we could only conclude that individuals 

rewarded based on average performance will search less than individuals rewarded based on 

fixed payment or maximum performance. Problemistic search theory distinguish clearly be-

tween active search, which exploitation and exploration are, and no active search where an 

agent is satisfied. Therefore, we argue that an omission of the first step due to our results can 
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lead to a misinterpretation of the observed search behavior, where one could interpret satisfic-

ing behavior in terms of no active search as exploitative behavior. By showing that incentive 

structures play a significant role in an agent’s decision whether to search or satisfy, we con-

tribute to the literature on search and incentives (Ederer & Manso, 2013; Lee & Meyer-Doyle, 

2017). Our study is important for this literature, as we show that the focus on the importance 

of incentive structure designs for individual search behavior should be re-considered or re-

flected more upon in the future. One should in other words be careful by not overemphasizing 

the importance of incentive structure designs when aiming to affect the search breath of indi-

viduals in specific directions in terms of exploitation or exploration. Focus should instead be 

more on acknowledging that the incentive structure designs primarily work as catalysts for 

affecting the search intensity in terms of generating more active searches, while other factors 

might be more effective when wanting to affect individual search breadth in a specific direc-

tion. Other factors could be e.g. hiring employees with varying degrees of working memory  

(Laureiro-Martínez et al., 2015) or by changing the feedback structure design (Billinger et al., 

2021) depending on the desired direction of the search breadth. 

 

Our second contribution is to the theory of problemistic search (Cyert & March, 1963), and the 

contribution here is multifaceted. Problemistic search originates from the Behavioral Theory 

of the Firm, where the organization is the unit of analysis. Nevertheless, in recent years there 

has been an increasing acknowledgement of the view that organizational search actions are the 

results of the search heterogeneity on the individual level (Felin et al., 2015; Kacperczyk et al., 

2015; Wilden et al., 2018). One facet of our contribution to problemistic search theory is that 

we contribute to this emerging literature stream on micro-level search behavior by investigat-

ing it with individuals as the level of analysis. We show how incentive structures affect micro-
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level problemistic search behavior in a context, where agents have no prior defined aspiration 

levels but based on performance feedback have to continuously form them. 

Another facet of our contribution to problemistic search theory is related to the incentive struc-

ture designs. Billinger et al. (2021) show that feedback structures affect both whether and 

where individuals search in a problemistic search context, and we contribute to this by showing 

evidence on which role incentive structure designs play in the same context. We thereby ex-

pand the literature on problemistic search by showing that it is possible to affect the satisficing 

decision (Simon, 1955, 1956) with the design of incentive structures in terms of whether indi-

viduals will stop searching and satisfy or continue searching for a better solution alternative. 

 

The third contribution of this study is also to the literature on search and incentives (Ederer & 

Manso, 2013; Lee & Meyer-Doyle, 2017), where we show how it is possible to theorize about 

the effects of costs and rewards on whether and where individuals search. Costs were experi-

enced by individuals in terms of opportunity costs created by the design of the incentive struc-

ture. Since rewarding average performance induced the highest level of costs and led to least 

searches, one could make a theoretical inference that high opportunity costs do lead to less 

searches. High opportunity costs were created as an effect of the short-term oriented bonus 

rewarding average performance, while the bonus that rewarded maximum performance did not 

increase any costs, but solely added a long-term oriented risk-free gain. Results showed that an 

addition of a long-term oriented bonus did not increase the number of active searches making 

it possible also here to draw a theoretical inference that this type of reward does not lead to 

more searches in a context like ours. This is not what we expected based on the hypothesis 

development and the results from prior literature, which found that rewarding based on maxi-

mum performance leads to significantly more explorative search than rewarding based on av-

erage performance and fixed payment. Our results can possibly be explained by the context. 
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We operated in a context where individuals played a cognitively demanding non-routine task 

which may have induced a high level of intrinsic motivation to search for better solutions di-

minishing the effects of an additional extrinsic monetary reward in terms of a long-term ori-

ented bonus. Non-significant results regarding where individuals searched indicate that neither 

the constellation of costs nor additional long-term oriented rewards affected the active search 

behavior in a specific direction. This can possibly be explained by intrinsic motivation as one 

could imagine that when individuals are intrinsically motivated to solve a cognitively demand-

ing non-routine task, then when they have already decided to search, the influence of costs and 

rewards generated by different incentive structure constellations will decrease in affecting the 

search distance (Camerer & Hogarth, 1999). An additional possible explanation to the non-

significant results could be related to the operationalization of the study in terms of the sample 

size. The study is maybe underpowered meaning that the sample size is not big enough to detect 

the hypothesized differences. This means that the effects of incentive structure designs might 

be smaller than what our sample size can detect (Button et al., 2013). 

  

The study has two general limitations, which are the generalizability of the task and the partic-

ipant pool. Research has shown that the nature of the a task does have an impact on explorative 

search behavior (Helversen et al., 2018) and performance (Camerer & Hogarth, 1999). This 

study only examines the data of one specific task, which is a cognitively demanding non-rou-

tine task making it difficult to generalize the results to a broader problem-solving context. Ad-

ditionally, participants in this study are all 18-21 years old high school students, who have 

limited experience with working in organizations. Research has shown younger people to en-

gage in more explorative search than older (Schulz et al., 2019). This is supported by our results 

showing mean Hamming Distances between 3.13-3.35 compared to a previous study with on 
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average older participants reporting 2.65 (Billinger et al., 2014). This makes our results more 

difficult to generalize to an organizational context.  

The mentioned limitations create opportunities for future research to examine the effects of 

multiple different tasks (e.g. foraging tasks, repeated choice tasks and sequential choice tasks 

(Helversen et al., 2018)) on the relations among incentive structures on one side and whether 

and where individuals search on the other side. Furthermore, another potential future research 

venue is to investigate these relations by including a different and more diverse population than 

students giving future research the possibility to generalize findings even more to an organiza-

tional context. 

Other suggestions for future research are related to a deeper examination of the time effect, and 

an investigation of direct costs. Based on our regressions and the descriptive statistics there 

seems to be a time effect where individuals generally search less and more exploitatively in the 

end of a search process. This leaves room for future research related to an investigation of the 

time effect on whether and where individuals search. One could in the future design problem-

solving games with different numbers of rounds in order to determine whether this effect is 

constant or if it changes depending on the length of a given problem solving process. By vary-

ing the number of rounds or by not telling the participant how many rounds there are, one could 

investigate whether the behavioral patterns are the same over time and what causes potential 

differences. Furthermore, we investigate the role of ‘opportunity costs’ when operationalizing 

the incentive structure designs. Since costs can be categorized as being either ‘direct costs’ or 

‘opportunity costs’ (Green, 1894), one can in the future investigate whether results regarding 

individual search behavior change depending on which type of costs are investigated.  

 

This study is to our knowledge the only except for Billinger et al. (2021) and Billinger et al. 

(2022) investigating the search process through a two-step procedure experimentally, and the 
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first study that investigates the effects of different incentive structure designs on the two-step 

search process. By documenting the support of most expectations regarding whether individu-

als search, and by showing the insignificant results regarding where individuals search under 

different incentive structure designs, this study intends to contribute as an overall contribution 

to the search literature inspiring researchers to move back to the original conceptualization of 

the search process, and making them aware of the importance of the incentive structure designs 

affecting search intensity, and not search breadth as earlier concluded by prior literature. 
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Appendices 
 
A1 
Table A1 shows three Poisson regressions, where each of them represents one of incentive 

structures as reference group. Search behavior is here operationalized as one continuous scale 

ranging from exploitation to exploration, where we exclude the first step of the search process, 

and thereby assume that individuals exploit or explore all the time. When doing so, we can 

support two out of three hypotheses (Hypothesis 2 and Hypothesis 4) related to where individ-

uals search concluding that individuals rewarded based on average performance will search 

significantly less exploratory than individuals rewarded based on fixed payment only or max-

imum performance. 

 

Table A1: Search Behavior Reflected only as Continuum between Exploitation and Exploration 

Variable 

(Model 1) 
Poisson Regression  

Search Distance 
 

(Reference group: I1) 

(Model 2) 
Poisson Regression  

Search Distance 
 

(Reference group: I2) 

(Model 3) 
Poisson Regression  

Search Distance 
 

(Reference group: I3) 

Intercept 
1.137 

(0.018) 
[0.000]*** 

1.105 
(0.019) 

[0.000]*** 

1.149 
(0.019) 

[0.000]*** 

I1 vs. I2 
-0.032 
(0.015) 
[0.031]* 

0.032 
(0.015) 
[0.031]* 

 

I1 vs. I3 
0.012 

(0.014) 
[0.396] 

 
-0.012 
(0.014) 
[0.396] 

I2 vs. I3  
0.044 

(0.015) 
[0.004]** 

-0.044 
(0.015) 
[0.004]** 

Time (Rounds) 
-0.022 
(0.001) 

[0.000]*** 

-0.022 
(0.001) 

[0.000]*** 

-0.022 
(0.001) 

[0.000]*** 

Feedback -0.154 
(0.022) 

-0.154 
(0.022) 

-0.154 
(0.022) 
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[0.000]*** [0.000]*** [0.000]*** 

Number of unsuc-
cessful trials 

0.020 
(0.002) 

[0.000]*** 

0.020 
(0.002) 

[0.000]*** 

0.020 
(0.002) 

[0.000]*** 

Prior search dis-
tance 

0.074 
(0.003) 

[0.000]*** 

0.074 
(0.003) 

[0.000]*** 

0.074 
(0.003) 

[0.000]*** 

Immediate feed-
back 

0.016 
(0.013) 
[0.224] 

0.016 
(0.013) 
[0.224] 

0.016 
(0.013) 
[0.224] 

    

AIC 33622 33622 33622 

 

Note: I1 = Incentive Structure 1 (Fixed payment), I2 = Incentive Structure 2 (Fixed payment + bonus based on 
average performance), I3 = Incentive Structure 3 (fixed payment + bonus based on maximum performance) 
 
Note: 
. Statistically significant result at 𝛼 = 0.1 
* Statistically significant result at 𝛼 = 0.05 
** Statistically significant result at 𝛼 = 0.01 
*** Statistically significant result at 𝛼 = 0.001 
 
Note: Standard errors in parentheses (except for random effect), and p-values in brackets 
 
 

 
 
A2 
Set out to replicate the first study, Tables A2a and A2b show the results of a study conducted 

on the online platform Prolific. Data from 402 participants (89 males, 309 females and four 

people that identified themselves as something different) in the age range from 18-81 years old 

(average = 40.36 years old) from the UK are used. Four participants were excluded due to not 

finishing the game. All participants in the study were allocated randomly to one of the four 

experimental conditions identical to the incentive structures in the first study. 99 participants 

were allocated to the control group, 110 participants to Treatment 1, 104 participants to Treat-

ment 2 and 89 participants to Treatment 3. 
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Control Group = Incentive Structure 1: Fixed payment only 

• Participants receive a fixed payment of £3 

 

Treatment 1 = Incentive Structure 2: Fixed payment plus bonus based on avg. performance 

• Participants receive a fixed payment of £3 and have an opportunity to earn up to £4 

from a bonus based on their average performance across all the 25 rounds in the game. 

 

Treatment 2 = Incentive Structure 3: Fixed payment plus bonus based on max. performance 

• Participants receive a fixed payment of £3 and have an additional opportunity to earn 

up to £4 from a bonus based on their maximum performance across all the 25 rounds 

in the game. i.e. only the round with the best performance affects the size of the bonus. 

 

Treatment 3 = Incentive Structure 4: Fixed payment plus bonus based on avg. performance 

• Participants receive a fixed payment of £3 and have an opportunity to earn up to £4 

from a bonus based on their average performance across the last 15 rounds in the game. 

 

Please note that Treatment 1 and Treatment 3 are two different versions of the same incentive 

structure design, where the opportunity costs are lower in Treatment 3 since the scores in the 

first 10 round do not count in the calculation of average performance. Nevertheless, both in-

centive structures reward based on average performance, and generate thereby higher oppor-

tunity costs than the two other incentive structure designs. 

 

All participants in this study played the Alien Game, which is described in the first study, 

individually, and the analyses conducted here are identical to the ones in the first study.  
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Results in Tables A2a and A2b show that all the supported hypotheses in the first study are 

also supported in this study showing that individuals rewarded based on average performance 

search significantly less than individuals rewarded based on fixed payment or maximum per-

formance.
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Table A2a: Whether to Search - Regressions 

Variable 

(Model 1) 
1st step Hurdle Model 

Active search 
 

(Reference group: I1) 

 
(Model 2) 

1st step Hurdle Model  
Active search 

 
(Reference group: I2) 

(Model 3) 
1st step Hurdle Model 

Active search 
 

(Reference group: I3) 

(Model 4) 
1st step Hurdle Model 

Active search 
 

(Reference group: I4) 

Intercept 
4.674 

(0.243) 
[0.000]*** 

4.025 
(0.210) 

[0.000]*** 

4.488 
(0.226) 

[0.000]*** 

3.692 
(0.218) 

[0.000]*** 

I1 vs. I2 
-0.649 
(0.220) 
[0.003]** 

0.649 
(0.220) 
[0.003]** 

  

I1 vs. I3 
-0.186 
(0.228) 
[0.414] 

 
0.186 

(0.228) 
[0.414] 

 

I1 vs. I4 
-0.982 
(0.227) 

[0.000]*** 
  

0.982 
(0.227) 

[0.000]*** 

I2 vs. I3  
0.463 

(0.207) 
[0.026]* 

-0.463 
(0.207) 
[0.026]* 

 
 

I2 vs. I4  
-0.333 
(0.204) 
[0.103] 

 
0.333 

(0.204) 
[0.103] 

I3 vs. I4   
-0.796 
(0.215) 

[0.000]*** 

0.796 
(0.215) 

[0.000]*** 
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Time (Rounds) 
-0.144 
(0.007) 

[0.000]*** 

-0.144 
(0.007) 

[0.000]*** 

-0.144 
(0.007) 

[0.000]*** 

-0.144 
(0.007) 

[0.000]*** 

Feedback 
-0.552 
(0.131) 

[0.000]*** 

-0.552 
(0.131) 

[0.000]*** 

-0.552 
(0.131) 

[0.000]*** 

-0.552 
(0.131) 

[0.000]*** 

Number of unsuccessful 
trials 

0.078 
(0.014) 

[0.000]*** 

0.078 
(0.014) 

[0.000]*** 

0.078 
(0.014) 

[0.000]*** 

0.078 
(0.014) 

[0.000]*** 

Prior search distance 
0.145 

(0.029) 
[0.000]*** 

0.145 
(0.029) 

[0.000]*** 

0.145 
(0.029) 

[0.000]*** 

0.145 
(0.029) 

[0.000]*** 

Immediate feedback 
0.603 

(0.099) 
[0.000]*** 

0.603 
(0.099) 

[0.000]*** 

0.603 
(0.099) 

[0.000]*** 

0.603 
(0.099) 

[0.000]*** 

     

Number of observations 9647 9647 9647 9647 

Log-likelihood -2125.65 -2125.65 -2125.65 -2125.65 

AIC 4271.3 4271.3 4271.3 4271.3 

Variables (Random ef-
fects)     

Participant (Intercept) 1.226 
(1.107) 

1.226 
(1.107) 

1.226 
(1.107) 

1.226 
(1.107) 

 

Note: I1 = Incentive Structure 1 (Fixed payment), I2 = Incentive Structure 2 (Fixed payment + bonus based on average performance), I3 = Incentive Structure 3 (fixed payment 
+ bonus based on maximum performance), I4 = Incentive Structure 2 (Fixed payment + bonus based on average performance calculated only based on the last 15 rounds) 
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Note: 
* Statistically significant result at 𝛼 = 0.05 
** Statistically significant result at 𝛼 = 0.01 
*** Statistically significant result at 𝛼 = 0.001 
 
Note: Standard errors in parentheses (except for random effect), and p-values in brackets 
 
Note: For random effect - Variance values as first number and standard deviation in parentheses 
 

 

Table A2b: Where to Search - Regressions 

Variable 

(Model 1) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I1) 

(Model 2) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I2) 

(Model 3) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I3) 

(Model 4) 
2nd step Hurdle Model  

Search Distance 
 

(Reference group: I4) 

Intercept 
0.996 

(0.039) 
[0.000]*** 

0.927 
(0.038) 

[0.000]*** 

0.894 
(0.039) 

[0.000]*** 

0.918 
(0.041) 

[0.000]*** 

I1 vs. I2 
-0.069 
(0.048) 
[0.150] 

0.069 
(0.048) 
[0.150] 
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I1 vs. I3 
-0.102 
(0.049) 
[0.036]* 

 
0.102 

(0.049) 
[0.036]* 

 

I1 vs. I4 
-0.078 
(0.051) 
[0.124] 

  
0.078 

(0.051) 
[0.124] 

I2 vs. I3  
-0.033 
(0.048) 
[0.491] 

0.033 
(0.048) 
[0.491] 

 

I2 vs. I4  
-0.009 
(0.050) 
[0.853] 

 
0.009 

(0.050) 
[0.853] 

I3 vs. I4   
0.024 

(0.050) 
[0.641] 

-0.024 
(0.050) 
[0.641] 

Time (Rounds) 
-0.015 
(0.001) 

[0.000]*** 

-0.015 
(0.001) 

[0.000]*** 

-0.015 
(0.001) 

[0.000]*** 

-0.015 
(0.001) 

[0.000]*** 

Feedback 
-0.083 
(0.024) 

[0.001]*** 

-0.083 
(0.024) 

[0.001]*** 

-0.083 
(0.024) 

[0.001]*** 

-0.083 
(0.024) 

[0.001]*** 

Number of unsuccessful 
trials 

0.016 
(0.002) 

[0.000]*** 

0.016 
(0.002) 

[0.000]*** 

0.016 
(0.002) 

[0.000]*** 

0.016 
(0.002) 

[0.000]*** 

Prior search distance 
0.055 

(0.004) 
[0.000]*** 

0.055 
(0.004) 

[0.000]*** 

0.055 
(0.004) 

[0.000]*** 

0.055 
(0.004) 

[0.000]*** 

Immediate feedback 
0.002 

(0.015) 
[0.919] 

0.002 
(0.015) 
[0.919] 

0.002 
(0.015) 
[0.919] 

0.002 
(0.015) 
[0.919] 

     

Number of observations 8771 8771 8771 8771 
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Log-likelihood -15728.4 -15728.4 -15728.4 -15728.4 

AIC 31476.8 31476.8 31476.8 31476.8 

Variables (Random ef-
fects)     

Participant (Intercept) 0.099 
(0.315) 

0.099 
(0.315) 

0.099 
(0.315) 

0.099 
(0.315) 

 

Note: I1 = Incentive Structure 1 (Fixed payment), I2 = Incentive Structure 2 (Fixed payment + bonus based on average performance), I3 = Incentive Structure 3 (fixed payment 
+ bonus based on maximum performance), I4 = Incentive Structure 2 (Fixed payment + bonus based on average performance calculated only based on the last 15 rounds) 
 
Note: 
* Statistically significant result at 𝛼 = 0.05 
*** Statistically significant result at 𝛼 = 0.001 
 
Note: Standard errors in parentheses (except for random effect), and p-values in brackets 
 
Note: For random effect - Variance values as first number and standard deviation in parentheses 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 
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Different time horizons and different units of analyses are investigated with a focus on multiple 

aspects of search behavior. Search behavior is a research area which affects multiple parts of 

an organization. One area that all papers relate to is innovation and creativity. Creativity is 

defined as a firm’s generation of novel and useful products, procedures, and ideas (Amabile, 

1983; Oldham & Cummings, 1996); innovation is defined as the implementation of the gener-

ated novel and useful products, procedures, and ideas, with both constructs part of the same 

process (Anderson et al., 2014; Fischer et al., 2019). It is previously discussed how cognitive 

search and foresight activities, the central elements of Paper 1, are related to innovation activ-

ities, where decision-makers occupy roles as initiators, strategists, and opponents when per-

forming this type of search behavior (Rohrbeck & Gemünden, 2011). Timely shifts from ex-

ploitation to exploration, or avoiding success traps, is discussed in Paper 2, where the examples 

show how exploitation and exploration activities can relate to an organization’s innovation 

activities, as illustrated by the examples of Nokia and Kodak. Paper 3 investigates how an 

organization can affect individual search behavior by using incentive structure design, where 

exploitative and explorative search behaviors are in focus. Since explorative and exploitative 

search behaviors are central parts of a firm’s innovative activities, as outlined in Paper 2, this 

paper continues to build on this logic, contributing to this area by investigating how the organ-

ization can implement its desired way of innovating among its members by using incentive 

structure designs.  

 

All papers can thereby be considered parts of the creativity and innovation constructs. Never-

theless, the findings in this dissertation can also be extrapolated to other areas of management 

literatures, e.g., research on strategy and organizational design. Paper 1 concerns a review of 

the foresight literature on cognitive search across decades, and the findings of this paper can, 

in addition to being useful for the creativity and innovation areas, contribute to the area of 
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strategy, particularly strategy development, since foresight and forward-looking search is about 

preparing the organization for plausible future scenarios (Rohrbeck et al., 2015; Rohrbeck & 

Gemünden, 2011). Paper 2 discusses success traps and how to ensure that an organization as a 

firm makes a timely shift from exploitation to more exploration, with a central part of that 

paper discussing how the relations between the board of directors and the managers can cause 

and solve success traps. This is closely related to organizational design discussions about an 

organization’s design of control mechanisms like performance monitoring systems (Vafaï, 

2005), where findings and conclusions about designing the appropriate monitoring systems to 

avoid success traps and achieve strategic goals can contribute to the mentioned discussions. 

Papers 3 focusses on incentive structure designs as a mechanism that can affect different be-

havioral aspects related to individual search behavior. In addition to being related to creativity 

and innovation research, this paper also contributes to knowledge that can be exploited in strat-

egy and organizational design context, particularly regarding matters of strategy implementa-

tion and organizational alignment when striving to achieve organizational goals (Baumann & 

Stieglitz, 2014; Ghemawat & Levinthal, 2008). This paper shows how the organization, in par-

ticular the management, can use the beforementioned mechanism to impose a desired behavior 

among organizational members that leads to the fulfillment of formulated strategic goals. The 

mechanism is an element of an organizational design that can be used as a tool to affect indi-

vidual behavior (Baumann & Stieglitz, 2014). 

 

The following Figure 4 briefly summarizes the contributions of the individual papers regarding 

their contributions to theory and further elaborates on the managerial implications and the prac-

tical relevance of the findings. There is a special emphasis on the managerial relevance and the 

practical implications, since the contributions to theory are outlined in the respective papers. 
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CONTRIBUTIONS TO THEORY AND PRACTICE 
Figure 4: Overview of the theoretical and practical implications 

Research paper 1
50 Years of corporate and organizational 

foresight: Looking back and going forward 

Research paper 2
Success Traps: The Interplay between the Board 

of Directors and Managers

Research paper 3
The Effects of Incentives on Whether and 

Where Individuals Search 

Research question

How has the foresight literature developed from 

1969 to 2018 and what can the future research 

trends be within this literature stream? 

What role does the interplay between a firm’s 

board of directors and its managers play in the 

context of success traps, and how can potential 

obstacles in this context be mitigated?

What are the effects of incentive structure 

designs on whether and where individuals 

search? 

Theoretical implications

Literatures on search behavior and on foresight: 

• Overview of investigated topics and applied 

research methods over almost five decades

• Discussion of future research trajectories

Literatures on exploitation vs. exploration and 

on organizational success traps:

• Board of directors can be direct antecedent of 

firms ending in success traps

• Investments in bonding can mitigate firm’s 

ending in success traps

Literatures on search and on incentives: 

• Showing the importance of integrating both 
‘whether’ and ‘where’ to search when 

investigating the effect of incentive structure 

designs

• Adding knowledge to micro-level research on 

problemistic search by investigated effects of 

incentive structure designs on individual 

search behavior

• Theoretical inferences about the mechanisms; 

costs and rewards

Practical and managerial 
implications

Overview of how to:

• Integrate technology forecasting when 

planning 

• Deal with an increased level of uncertainty

• Renew strategy and manage innovation

• Do market and technology road mapping

• Integrate foresight and cognitive search in 

organizations

Specific identification of a cause to delayed 

exploration:

• The relations between the board of directors 

and managers are important, and the board of 

directors will, due to monitoring costs, delay a 

firm’s exploration activities more than 

managers

• Firms should focus on the relations between 

the board of directors and managers in term 

of investing in transparent interactive control 

systems when planning to do exploration 

activities in order to reduce monitoring costs 

and make the firm explore earlier 

Knowledge on the relations between individual 

search for solution alternatives and incentives in 

a cognitively demanding task: 

• Incentive structure designs matter when the 

aim is to promote more search for different 

solution alternatives compared the existing 

ones (higher search intensity)

• Monetary bonusses based on average 

performance leads to less search intensity 

• Incentive structure designs in terms of added 

bonussed do not affect how exploratory the 

decision-maker is in his or her search for 

different solution alternatives (search 

breadth)
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LIMITATIONS AND FUTURE RESEARCH 

Specific limitations and suggestions for future research are discussed in the individual papers, 

and therefore, discussions in the following sections will be of a more general nature, focusing 

on the research design choices made and which kinds of limitations are relevant after reading 

the research papers. Limitations generate opportunities for future research, which will also be 

discussed.  

 

Paper 1 has a systematic literature review as a research design, synthesizing the literature on 

cognitive search in terms of foresight. A limitation of this paper is its scope, as the search of 

literature on the topic is confined to one journal, Technological Forecasting and Social Change. 

It is therefore possible that relevant papers in other journals have been excluded despite their 

potential to contribute with relevant knowledge. The choice to exclude other journals from the 

literature review can be justified in two ways. First, the journal “Technological Forecasting 

and Social Change” is one of the leading journals within the topic (Iden et al., 2017). Second, 

the article was specifically intended for a special issue whose objectives restricted the scope of 

the article. This means that future research can add more knowledge to the conclusions of Paper 

1 by further reviewing literature in other journals such as “Futures” and “Technological Anal-

ysis & Strategic Management” (Iden et al., 2017). 

 

Paper 2 is based on system dynamics modelling, meaning that the generated results and con-

clusions are based on theory-testing through a simulation model. Hence, no empirical data is 

applied to validate the simulation results. This is a limitation, since simulation models not based 

on empirical data can be questioned in relation to how accurately they reflect the complex 

reality of human behavior. Simulation models test simplifications of reality, and in this case, 

without an empirical validation of the results, which means that only the most important factors 
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affecting specific behaviors are tested. Many factors are therefore excluded from the simplified 

version of reality, which may have some (though not crucial) influence on the behaviors mod-

elled (Knudsen et al., 2019). Future research can thereby expand the model used in Paper 2, 

e.g., by further disentangling the aspiration-performance gap in terms of splitting that construct 

into historical and social aspiration levels (Kim et al., 2015) and furthermore, test the simulated 

results on empirical data. 

 

Paper 3 is to a high degree based on students and individuals from participant pools as study 

participants in the randomized controlled trials. This can present limitations with external va-

lidity in terms of transferring the results and conclusions directly to organizational settings. We 

cannot know whether specific employees, managers, and leaders in particular organizational 

settings would react the same way as the populations in this paper, where participants had no 

specific organizational roles in the experiments (Hanel & Vione, 2016). This gives further op-

portunities for future research to investigate whether results from this paper can be replicated 

in various organizational settings testing whether the results are different across organizations 

functions (e.g., different departments like R&D, Production, and Sales), levels in the organiza-

tional hierarchy, and industries. 

Another limitation of Paper 3 is related to the problem-solving task. Paper 3 is based on a 

cognitively demanding, repeated choice problem-solving type of task. This means that the re-

sults might be task-specific and not directly transferrable to other tasks, such as a more mun-

dane task, a foraging task, or a sequential choice task (Helversen et al., 2018). The task-related 

limitations give opportunities for future research to investigate whether results from Paper 3 

can be replicated in other tasks and thereby investigate how task-specific the results are.  

 
 
 
 



 
 

 
 

196 

CONCLUDING REMARKS 

Search behavior, covering the exerted behavior from agents like individuals, groups, or organ-

izations searching for and applying solution alternatives to tasks and problems, is the central 

topic this dissertation investigates. The hope is that this dissertation has made you as a reader 

more knowledgeable about how search behavior, due to its complex and broad nature, appears 

in multiple organizational contexts both affecting different time horizons and units of analysis, 

and how organizations, in particular, firms, can apply foresight tools, the interactions between 

the board of directors and managers, and incentive structure designs to affect search behavior 

in chosen directions. Furthermore, the hope is that the results and conclusion of this dissertation 

can be used as a steppingstone to more research on search behavior. This complex construct 

and all its related facets need more investigation in the future if researchers and organizations 

want to better understand the topic and, consequently, how organizations can work more ef-

fectively as problem-solving units (Nickerson & Zenger, 2004).  

 



 
 

 
 

197 

 
References 
 
Amabile, T. M. (1983). The Social Psychology of Creativity: A Componential 

Conceptualization. Journal of Personality and Social Psychology, 45(2), 357–376.  
 
Anderson, N., Potočnik, K., & Zhou, J. (2014). Innovation and Creativity in Organizations: A 

State-of-the-Science Review, Prospective Commentary, and Guiding Framework. 
Journal of Management, 40(5), 1297–1333.  

 
Baumann, O., & Stieglitz, N. (2014). REWARDING VALUE-CREATING IDEAS IN 

ORGANIZATIONS: THE POWER OF LOW-POWERED INCENTIVES. Strategic 
Management Journal, 35, 358–375.  

 
Fischer, C., Malycha, C. P., & Schafmann, E. (2019). The Influence of Intrinsic Motivation 

and Synergistic Extrinsic Motivators on Creativity and Innovation. Frontiers in 
Psychology, 10, 1–15.  

 
Ghemawat, P., & Levinthal, D. (2008). Choice Interactions and Business Strategy. 

Management Science, 54(9), 1638–1651.  
 
Hanel, P. H. P., & Vione, K. C. (2016). Do Student Samples Provide an Accurate Estimate of 

the General Public? PLoS ONE, 1–10.  
 
Helversen, B. Von, Mata, R., Samanez-Larkin, G. R., & Wilke, A. (2018). Foraging, 

Exploration, or Search? On the (Lack of) Convergent Validity Between Three 
Behavioral Paradigms. Evolutionary Behavioral Sciences, 12(3), 152–162.  

 
Iden, J., Methlie, L. B., & Christensen, G. E. (2017). The nature of strategic foresight 

research: A systematic literature review. Technological Forecasting and Social Change, 
116, 87–97.  

 
Kim, J. J., Finkelstein, S., & Haleblian, J. (John). (2015). ALL ASPIRATIONS ARE NOT 

CREATED EQUAL: THE DIFFERENTIAL EFFECTS OF HISTORICAL AND 
SOCIAL ASPIRATIONS ON ACQUISITION BEHAVIOR. Academy of Management 
Journal, 58(5), 1361–1388.  

 
Knudsen, T., Levinthal, D. A., & Puranam, P. (2019). Editorial: A Model Is a Model. 

Strategy Science, 4(1), 1–3. 
 
Nickerson, J. A., & Zenger, T. R. (2004). A Knowledge-Based Theory of the Firm — The 

Problem-Solving Perspective. Organization Science, 15(6), 617–632.  
 
Oldham, G. R., & Cummings, A. (1996). Employee Creativity: Personal and Contextual 

Factors at Work. Academy of Management Journal, 39(3), 607–634. 
 
Rohrbeck, R., Battistella, C., & Huizingh, E. (2015). Corporate foresight: An emerging field 

with a rich tradition. Technological Forecasting & Social Change, 101, 1–9.  
 



 
 

 
 

198 

Rohrbeck, R., & Gemünden, H. G. (2011). Corporate foresight: Its three roles in enhancing 
the innovation capacity of a firm. Technological Forecasting and Social Change, 78(2), 
231–243.  

 
Vafaï, K. (2005). Collusion and Organization Design. Economica, 72, 17–37. 



 
 

 
 

199 

 
 

CO-AUTHOR STATEMENTS



 
 

 
 

200 

 



 
 

 
 

201 



 
 

 
 

202 



 
 

 
 

203 

 


