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ABSTRACT  We provide a framework that enriches our understanding of  resource redeployability, 
i.e., the value-generating option to withdraw resources from one use and reallocate them to an-
other use. Existing works largely assume that the new uses of  a resource are known ex ante and 
easily identifiable by managers. However, several cases from different industries suggest that new 
uses often emerge while a firm’s technology base radiates into new domains. We analyse how 
a firm’s technology base, by radiating into new domains that potentially reveal new uses and 
resource redeployment options, can spur firm value. We develop five hypotheses on the relation-
ship between technological entry into new domains and firm value, and test them using a novel 
patent-based measure in a panel of  US firms.
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INTRODUCTION

An important stream of  research in corporate strategy has adopted the lens of  op-
tion theory to understand how firms redeploy resources into new domains (Folta et al., 
2016; Sakhartov and Folta, 2014, 2015). The intuition behind this literature goes back 
to Chandler (1962) and Penrose (1959), but the idea has also been central in the work 
of  other scholars such as Klepper and Simons (2000) and Cattani (2005, 2006), who 
examined Corning’s entry into fibre optics via the redeployment of  resources that were 
originally developed for glass manufacturing. The increasing attention on resource re-
deployment (Cattani and Mastrogiorgio, 2021) is part of  an attempt to understand the 
different types of  resources (Levinthal and Wu, 2010), their option-rich nature (Andriani 
and Cattani, 2019) and their role in enacting ‘intertemporal economies of  scope’ (Helfat 
and Eisenhardt, 2004). Part of  this research has started to concentrate on the inventive 
and technological antecedents of  resource redeployment or, in the words of  Dushnitsky 

Journal of Management Studies 59:7 November 2022
doi:10.1111/joms.12795

Address for reprints: Mariano Mastrogiorgio, Department of  Strategy, IE University, IE Tower, Paseo de la 
Castellana 259, 28046 Madrid, Spain (mmastrogiorgio@faculty.ie.edu).

This is an open access article under the terms of  the Creative Commons Attribution-NonCommercial-
NoDerivs License, which permits use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adaptations are made.

mailto:﻿
mailto:mmastrogiorgio@faculty.ie.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjoms.12795&domain=pdf&date_stamp=2022-02-28


	 Technological Entry, Redeployability, and Firm Value	 1689

© 2022 The Authors. Journal of  Management Studies published by Society for the Advancement of  Management  
Studies and John Wiley&Sons Ltd.

and Klueter (2016), the process of  ‘linking inventive resources […] to commercial appli-
cations’ (p. 286).

In this literature, it is often assumed that firms redeploy resources into new domains 
based on their expected growth, as if  these new domains were known or easily identifi-
able ex ante (Dushnitsky and Klueter, 2016). In reality, as shown by the Corning example, 
new applications often emerge unexpectedly from firms’ technological activities that had 
different original purposes (Cattani, 2005, 2006). This idea is at the centre of  a recent 
literature that, building on evolutionary arguments (Cattani and Malerba, 2021), sheds 
light on the unexpected emergence of  new uses of  existing technologies, which reveal 
options to redeploy resources in new domains (Andriani and Cattani, 2016; Cattani and 
Mastrogiorgio, 2021). For instance, pharmaceutical firms often ‘repurpose’ (i.e., rede-
ploy) their resources into new disease markets after stumbling upon unknown drug uses 
– as illustrated by Viagra, a drug originally developed for hypertension and then found to 
be effective against erectile dysfunction (Andriani et al., 2017). This view about resources 
and technologies was implicit in Penrose’s claim that ‘resources can be used in different 
ways and for different purposes’ (1959, p. 76) as well as in the work of  innovation schol-
ars such as Basalla (1988), who pointed out that current applications ‘are not always the 
ones for which the invention will become best known’ (p. 141), meaning that they change 
over time, often in unexpected directions. Other scholars have recognized the inherent 
fungibility of  certain types of  technologies, and of  their mapping with the new domains 
in which firms end up redeploying resources (Levinthal and Wu, 2010).

The approaches based on option theory have provided many insights to the strat-
egy field, which has seen a growing interest on the economic mechanisms of  resource 
redeployment (Sakhartov, 2017; Sakhartov and Folta, 2014, 2015). Despite these de-
velopments, there is still a limited understanding of  the technological antecedents of  
resource redeployment, that is, of  how firms’ prior technological experience drives 
entry into new technological domains and of  how this reveals new options to redeploy 
resources. The influential work of  Cattani (2005, 2006) has investigated some of  these 
aspects, but an option-based angle is still in the making (Cattani and Mastrogiorgio, 
2021). To fill this gap, we ground our arguments on the resource redeployment lit-
erature (Sakhartov, 2017; Sakhartov and Folta, 2014, 2015), which models ‘resource 
redeployability’ (i.e., the option to redeploy resources) as ‘growth options’ (Kulatilaka 
and Perotti, 1998). According to this literature, the value of  these options is a func-
tion of  both ‘inducements’ (i.e., incentives to redeploy resources due to performance 
advantages in new domains, proxied by higher volatilities of  financial returns) and 
‘redeployment costs’ (i.e., costs to redeploy resources in new domains) (Sakhartov and 
Folta, 2014). Drawing on these insights, we investigate how firms can benefit from un-
expectedly entering new technological domains. In so doing, we expand the research 
on resource redeployment (Folta et al., 2016) by modelling optionality as nested in 
the firm’s technologies. Drawing inspiration from the evolutionary tradition (Cattani, 
2005), we focus on ‘technological entry’ (Malerba and Orsenigo, 1999) in new tech-
nological domains via patenting. Such entry entails an option to redeploy resources in 
the new domains, which should be reflected in firm value (Bloom and Van Reenen, 
2002; Oriani and Sobrero, 2008; Pakes, 1986; Schwartz, 2004). At the same time, 
patenting in new technological domains is peculiar from the perspective of  optionality 
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due to some inherent features that make it different from standard growth options 
(Andriani and Cattani, 2016; Adner and Levinthal, 2004; Leiblein et al., 2017).

We articulate our theory around five hypotheses. First, we posit that entry into a 
new technological domain (via patenting) would positively affect firm value through 
the value incorporated in redeployability options. Next, we hypothesize that return 
volatility in the firm’s core industry increases the value of  options, and thus positively 
moderates the first hypothesis. Moreover, conditional on entry into a new technolog-
ical domain, the volatility in such domain increases the value of  options, while its ef-
fect is lowered by redeployment costs. Finally, we hypothesize that, due to the inherent 
complexity of  valuing technological entry, a firm’s market value inefficiently reflects 
the financial gains of  such entry (i.e., its value effect features some persistence). For 
the analysis, we employ a data set containing information on the patenting activi-
ties of  US firms and a newly developed measure of  technological entry. To capture 
entry outside the boundaries of  a firm’s existing technological knowledge, we count 
the number of  patents applied by the firm in technological classes in which the firm 
did not (nor, arguably, anticipate to) patent before. Our measure is novel because 
it exploits both the primary and secondary classifications. Moreover, to assuage the 
concern that technological entry is fully anticipated by the firm, we use multiple val-
idation approaches.

As Folta (2021) argues, much has been learned about resource redeployability since 
the early intuitions of  Penrose (1959). A key assumption of  this research pertains to 
the role of  new uses of  resources and, therefore, to the very definition of  resource 
redeployability – the option to withdraw resources ‘from one use and reallocate to 
another use’ (Folta, 2021, p. 1). Here, the new uses of  resources are often considered to 
be known ex ante and easily identifiable by managers. However, recent works suggest 
that new uses of  resources are simply ‘un-prestateable’ (Felin et al., 2021), i.e., they 
are not known ex ante, because they emerge over time as a firm’s technology base 
radiates into new domains (Cattani and Malerba, 2021). This raises the question of  
whether the radiation of  a firm’s technology base into new domains that reveal new 
uses of  resources and redeployment options can spur firm value. Filling this gap, our 
contribution is to offer a conceptual and empirical framework to show how techno-
logical entry can affect firm value, and what are the boundary conditions that shape 
this relationship.

CURRENT LITERATURE

Resource Redeployment

The last few years have seen a renewed interest in corporate diversification. As Folta et 
al. (2016) put it, ‘multi-business firms are alive and well’ (p. 3), as is evident in the data 
patterns (Villalonga, 2004) and the growing research on the diversification-performance 
linkage and its multifaceted contingencies (Ahuja and Novelli, 2017; Santaló and Becerra, 
2008). These matters have been approached from a variety of  theoretical perspectives, 
such as the resource-based view (Barney, 1991), which suggests that resources play a role 
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in diversification by having multiple uses that are activated when resources are in excess or 
they are subject to failures in strategic factor markets (Montgomery and Wernerfelt, 1988; 
Penrose, 1959; Peteraf, 1993). A stream of  research into which resources are central is that 
on ‘resource redeployment’ from the viewpoint of  options (Folta et al., 2016; Sakhartov and 
Folta, 2014, 2015), in which there is a growing interest (Dickler and Folta, 2020; Giarratana 
and Santaló, 2020; Giarratana et al., 2021; Morandi Stagni et al., 2020).

Resource redeployment has also been central to another stream of  the strategy literature 
(Cattani, 2005, 2006), which has traced the origins of  firms’ performance heterogeneity 
(and of  competitive advantage, broadly speaking) to differences in prior experience that 
spurs technological entry into new domains, placing emphasis on the idea that inventive ef-
forts ‘made in exploration of  a new domain should be separated from those conducted with-
out foreknowledge of  any potential redeployment’ (Cattani, 2005, p. 565). This perspective, 
in turn, has inspired a new literature that, building on evolutionary arguments, looks at 
resource redeployment processes from the perspective of  multiple latent uses of  technologies 
that often emerge unexpectedly and spur entry into new technological domains (Andriani and 
Cattani, 2016; Cattani and Mastrogiorgio, 2021; La Porta et al., 2020).

The Option-Based Approach

A tenet of  the option literature is that corporate value derives, in part, from the discre-
tion of  firms to redeploy resources from one business to another, that is, from ‘resource 
redeployability’ (Sakhartov and Folta, 2014).[1] More specifically, resource redeployment 
consists in withdrawing resources from one business and reallocating them to another, 
rather than simply sharing them across businesses contemporaneously – what is known 
as ‘synergy’ (Sakhartov and Folta, 2014). From this perspective, resources can be seen as 
enactors of  ‘intertemporal economies of  scope’ beyond their role in intra-temporal ones, 
as in the case of  their contemporaneous, synergistic uses (Helfat and Eisenhardt, 2004). 
This argument points to the idea that inter-temporal and intra-temporal economies of  
scope are respectively determined by different types of  resources. In fact, as argued by 
Levinthal and Wu (2010), inter-temporal economies of  scope imply a process of  with-
drawing and reallocating, which means that uses in one business preclude uses in another. 
In other words, inter-temporal economies of  scope are underpinned by resources with 
capacity constraints that are known as ‘non-scale free’ (Levinthal and Wu, 2010).

This distinction is crucial, because it implies that the redeployment of  non-scale free 
resources is driven by economic considerations about opportunity costs, such as those 
about the ‘size, growth, and competitive conditions in alternative product markets’ and 
businesses (Levinthal and Wu, 2010, p. 784). A well-known example is Du Pont’s rede-
ployment of  resources from explosives to new types of  businesses, when World War I 
ended and those resources initially used for explosives became unused (Chandler, 1962; 
Penrose, 1959, 1960).[2] Other examples, coming from various industries, can be found 
in a growing number of  studies including Anand (2004), Anand and Singh (1997), 
Lieberman et al. (2017), O’Brien and Folta (2009), and Wu (2013).

These considerations about opportunity costs can be understood in terms of  op-
tions: the resources that are redeployable from business A (e.g., explosives) to a new 
business B embody a growth option in business B, which is more likely to be exercised 
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when business A is declining while business B thrives. After its inception in financial 
economics (Black and Scholes, 1973), options theory began to expand in the strategy 
field building around the notion that a firm’s resources often entail ‘real options’ that 
embed the discretion – but not the obligation – to undertake certain types of  business 
initiatives, such as further expanding initial investments at a future date (Myers, 1977). 
It was this development that set the stage for the resource redeployment theory (Folta 
et al., 2016; Sakhartov and Folta, 2014, 2015), which indeed looks at the discretion 
to redeploy resources, which can be thought of  as a real option (or, better, a growth 
option) when the firm can ‘redeploy its resources to another business’ (Sakhartov, 
2017, p. 1062).

The applications of  options theory in strategy research have ranged from acquisitions 
(Hurry, 1993) to global expansion (Kogut, 1983) and, relevantly for us, research and de-
velopment (R&D) and patenting (Mitchell and Hamilton, 1987). From the lens of  options 
theory, R&D consists in inventive activities leading to patents, which are also real options 
(Oriani and Sobrero, 2008; Pakes, 1986; Schwartz, 2004). In fact, the transformation 
of  patents into cash-flow-generating technologies and products is realized only once the 
firm exercises the options embodied in patents through investment in further develop-
ment and commercial activities (e.g., investment in further R&D, capital equipment, em-
ployees’ training, or marketing) (Bloom and Van Reenen, 2002). Or, as Trigeorgis and 
Reuer (2017) put it, ‘incremental cash flows [from innovation activities] are tied to the 
construction or scale up of  a plant, the development of  a product in an R&D program 
or the exploitation of  a patent’ (p. 44).

Unpacking the Technological Antecedents

A key underlying assumption of  the literature cited is that the new uses of  resources 
are known ex ante and easily identifiable by managers, as if  they were part of  a pre-
defined mapping. In reality, the new uses of  a resource often emerge while a firm’s 
technology base radiates into new domains, and there is evidence showing how these 
uses often emerge unexpectedly from firms’ technological activities that had different 
original purposes.[3] The examples abound in many industries, such as fibre optics 
(Cattani, 2005, 2006), aviation (Carignani et al., 2019), and chemical and pharma 
(Andriani and Kaminska, 2021), among others. In this regard, the pharmaceutical 
industry is particularly illustrative. The repositioning of  pharmaceutical companies 
into new disease markets via resource redeployment is often a consequence of  unex-
pected discoveries of  previously unknown uses of  drugs. A key example is offered by 
sildenafil, commonly known as Viagra. Originally conceived to treat hypertension 
and angina pectoris, the drug ended up being marketed in a very different disease 
class, after phase-I clinical trials revealed unexpected side effects against erectile dys-
function (Andriani et al., 2017; Meyers, 2007). This discovery was the technological 
antecedent of  a massive redeployment of  resources into the new market. In fact, as 
noted by Loe (2004), ‘by the time Viagra was approved for the public, Pfizer was able 
to produce, maintain, and respond to extensive medical and commercial infrastruc-
tures that supported the blockbuster drug’ (p. 18).
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These processes are central to an emerging literature that, building on evolutionary 
arguments, describes technology as a container of  multiple latent uses (Andriani and 
Cattani, 2016; Dew et al., 2004; La Porta et al., 2020) that, as they emerge from la-
tency, incorporate growth options (to redeploy resources) in new domains (Cattani and 
Mastrogiorgio, 2021). This view raises two fundamental implications. First, not only a 
single technology but also a firm’s accumulated technology base is potentially available 
for uses other than those for which it was originally developed, spurring the firm’s tech-
nological entries into new domains that incorporate growth options in these. That is, 
as expressly said by Cattani (2005), ‘each invention or innovation offers a spectrum of  
opportunities’ and a firm ‘might be endowed by its past history with skills and knowl-
edge for reasons that are unrelated to their application in a new opportunity [domain]’ 
(p. 566). Second, growth options are more peculiar than commonly assumed, because 
they progressively emerge from latent states of  technology; as a result, technology itself  
can be seen as a bundle of  ‘shadow options’ (Bowman and Hurry, 1993) that await 
recognition and progressively become (standard) growth options as new uses emerge 
and ‘unveil opportunities to further invest in existing assets’ (Andriani and Cattani, 
2016, p. 12).

This perspective raises the following question: Does entry into a new technologi-
cal domain incorporate a growth option that thus raises firm value? To answer this 
question, we provide a framework whose intuition is illustrated in Figure 1. In Figure 
1(a), the firm’s technology base is seen as a bundle of  multiple technological uses in a 
latent state represented by dotted arrows behind a cloud, where this implies that new 
uses of  resources and options of  resource redeployment are also hidden, or ‘shadow’; 
in Figure 1(b), new technological uses progressively come to light and the firm en-
ters into new technological domains that reveal, thus bringing to light, new uses of  
resources and options of  resource redeployment: therefore, shadow options progres-
sively become standard growth options that spur firm value. The value-generating 
mechanisms are developed in the next section, through a formal framework leading 
to five testable hypotheses.

A FORMAL FRAMEWORK

The five hypotheses are illustrated in the conceptual model of  Figure 2. In a nutshell, 
Hypothesis 1 will look at how technological entry, by revealing new uses of  resources and 
options of  resource redeployment, spurs firm value. Hypotheses 2, 3 and 4 will look at 
boundary conditions of  the effect of  technological entry on firm value: namely, ‘induce-
ments’ (proxied by volatilities of  financial returns) and ‘redeployment costs’. Hypothesis 
5 will look at how the market processes the effect of  technological entry on firm value 
over time.

In order to characterize the studied processes, we focus on a firm’s entry into a new domain 
from a technological point of  view (Cattani, 2005), i.e., as a ‘technological entry’ (Malerba 
and Orsenigo, 1999; Leten et al., 2016). To be more specific, we conceptualize techno-
logical entry as patenting in technological classes that are new, and arguably unexpected, 
to the firm. We then associate patenting to real options of  the growth type (Oriani and 
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Figure 1. Illustration of  the key intuition

(a)

(b)
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Sobrero, 2008; Pakes, 1986; Schwartz, 2004), thus expanding the current work on resource 
redeployment (Folta et al., 2016; Sakhartov and Folta, 2014, 2015). A baseline condition to 
characterize patenting in a new technological class as a growth option is the ‘disembodied’ 
form of  patenting. Following existing research, we posit that the value of  a firm is a function, 
among other things, of  its ‘embodied’ and ‘disembodied’ patents: that is, innovation that is 
already embodied in cash-flow-generating products and inventive knowledge that is legally 
protected but not yet embodied in cash-flow-generating products – being thus ‘disembodied’ 
(Bloom and Van Reenen, 2002). To embody patents into cash-flow-generating products, the 
firm would have to make scale-up investments in further R&D, capital equipment, employee 
training, marketing, and commercialization. Since a disembodied patent incorporates legal 
protection against future, eventual imitation from competitors that is conditional on the 
future, eventual existence of  a cash-flow-generating product made with the scale-up invest-
ments, the patent also incorporates the discretion – but not the obligation – to make that 
investment. We thus associate it with a growth option, also residing in the fact that patenting 
takes place, via the unexpected route, in technological classes that are new to the firm, which 
in turn increases the likelihood of  disembodiment.[4] [5] Therefore, as in Bloom and Van 
Reenen (2002), we posit that

(1)V = f
(

∑n1

i=1
Ve

(

Ci

)

+
∑n2

j=1
Vd(Cj)

)

Figure 2. Conceptual model

 
 
 
 
 
 
 
 
 
 
 
 

Technological entry Firm value 

Volatility (industry) 

Volatility (domain) 

Redeployment costs 

Hypothesis 1 (+) 

Resource 
redeployability 

Hypothesis 5 (+) 

Hypothesis 2 (+)

Hypothesis 3 (+) 
Hypothesis 4 (–) 
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where V is the value of  the firm, expressed as a function f  of  the sum of  values Ve of  
n1 embodied patents plus the sum of  values Vd of  n2 disembodied patents in new tech-
nological classes, where the values of  embodied and disembodied patents are a func-
tion of  current and expected cash flows, respectively. More precisely, the value Vd is a 
function of  expected cash flows whose activation is conditional on the redeployment of  
non-scale free resources in the new technological class – that is, on the exercise of  the 
growth option via patent embodiment. Since the option is unexercised, Vd incorporates 
option value of  resource redeployability. Based on standard options arguments (Folta et 
al., 2016; Sakhartov and Folta, 2014, 2015), the option to redeploy resources ‘from the 
original business to the new use adds value [to the firm], regardless of  its actual exercise’ 
(Sakhartov, 2017, p. 1065), so we state the following baseline hypothesis:

Hypothesis 1: Entry into a new technology class positively affects firm value by incorpo-
rating option value of  resource redeployability.

The next step is to understand how two option drivers – namely, ‘inducements’ 
(Hypotheses 2 and 3) and ‘redeployment costs’ (Hypothesis 4) – shape the hypothe-
sized relationship, i.e., study the conditions under which technological entry is more 
valuable. In her influential work, Penrose (1959) introduced the idea of  ‘inducements’, 
stressing the role of  relative performances across businesses: ‘If  there are profitable 
opportunities for increased production anywhere in the economy, they will provide for 
some firm an external inducement to expand’ (Penrose, 1959, p. 131, emphasis added), 
and ‘the declining profitability of  existing markets … is, of  course, one aspect of  
the matter’ (p. 170). Building on these early insights, the literature has defined in-
ducements as the set of  incentives to redeploy resources across businesses (Sakhartov, 
2017; Sakhartov and Folta, 2014, 2015), putting emphasis on the role of  volatilities 
in the current and new business (as well as on redeployment costs, defined as the 
efficiency lost when redeploying resources in new businesses due to unrelatedness 
[Montgomery and Wernerfelt, 1988]). Formally speaking, we express the option value 
of  resource redeployability as in Sakhartov (2017):

where Vd specifically refers to the value of  disembodied patents incorporating the 
option to redeploy resources, as in equation (1). That formula is here expanded, being 
Vd expressed as the maximum, with respect to a vector m of  resource redeployment 
weights, of  the expectation E of  the cash flows Ft generated during the period [t = 0, 
t = T], where e−rt is the discount factor. Cash flows Ft have a specific formulation that 
separates them into cash flows Ci,t coming from the firm’s current industry i, and cash 
flows Cj,t coming from the new class of  technology j in which the firm ends up patenting, 
which are activated through an increase of  the portion mj,t of  resources redeployed to 
j (withdrawing them from i, hence mj,t = 1−mi,t). Ci,t and Cj,t, in turn, are expressed 

(2)Vd =maxmE

(

∫
t=T

t=0

e−rtFtdt

)
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in function of  the volatility σ of  the current industry and that of  the new technologi-
cal class – being both two fundamental drivers of  Vd, thus influencing firm value, 
according to equation (1). In addition, cash flows Ft are expressed net of  the costs S 
of  redeploying resources to the new technological class. Equation (2) expresses the 
hypothetical ‘true’ (or fundamental) option value of  resource redeployability that 
would occur in a situation of  market efficiency (Sakhartov, 2017).

The specific effects of  volatility on the previously stated hypothesis derive from the 
core assumptions of  option valuation and, in a broad sense, they define optionality 
itself  (Black and Scholes, 1973). For the sake of  clarity, let us consider a simple call 
option, which gives the holder the discretion – but not the obligation – to buy a stock 
at a pre-specified future date at a strike price of  10. The holder exercises the right 
when the option is ‘in the money’, e.g., when the market price is 15. The holder can 
buy at 10 and immediately resell at 15, thus making a profit of  5. One of  the assump-
tions of  option valuation is that volatility, the dispersion of  stock returns, would posi-
tively affect the value of  the option: the higher the volatility, the higher the upside 
potential of  the stock, i.e., the higher the value of  exercising the ‘call’ right. In our 
setting, the key argument is that higher volatility σi in the current industry i leads to 
more option value, because the option can be eventually exercised via patent embod-
iment as a buffer against a higher downside potential in the current industry i; on the 
other hand, higher volatility σj in the new technological class j leads to more option 

value, because the option can be eventually exercised via patent embodiment to ex-
ploit the upside potential in the new technological class j. Therefore, more pronounced 
volatilities in the current industry and in the new technological class drive up the 
value of  optionality in the presence of  downside and upside movements, as reflected 
in firm value. These arguments are in line with the theoretical predictions of  the lit-
erature (Sakhartov, 2017; Sakhartov and Folta, 2014, 2015). Using simulations that 
isolate the value of  resource redeployability as a function of  inducement variables, 
Sakhartov and Folta (2015) indeed show that the value of  resource redeployability 
increases when the current business is more volatile, and that volatility in the new 
business also enhances it. These arguments lead to the following hypotheses:

Hypothesis 2: Volatility in the current industry positively moderates the effect of  
entry into a new technology class on firm value, by increasing the option value of  
resource redeployability.

Hypothesis 3: Conditional on entry into a new technology class, volatility in the new 
technology class positively affects firm value, by increasing the option value of  re-
source redeployability.

Besides inducements, Penrose (1959) also referred to ‘obstacles’, like the costs of  rede-
ploying resources into different businesses: ‘We should note in passing that it is important 
to discuss separately the nature of  the inducements and obstacles to expansion instead 
of  simply “net inducements to expand”, because different kinds of  inducements and 
difficulties influence differently both the direction and the method of  expansion chosen’ 
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(Penrose, 1959, p. 60, emphasis added). Defined as the efficiency lost when redeploying 
resources to new businesses, ‘redeployment costs’ are typically assumed to increase when 
the new businesses are un-similar and, vice versa, to decrease as a function of  relatedness 
(Montgomery and Wernerfelt, 1988; Rumelt, 1974).[6] This explains their conceptualiza-
tion, in the current research, in terms of  un-similarity – or unrelatedness – between the 
current and new businesses (Sakhartov, 2017; Sakhartov and Folta, 2014, 2015). As noted 
by Sakhartov (2017), the loss of  efficiency can be resource-specific or firm-specific, and 
redeployment costs can have a multifold nature (Sakhartov and Folta, 2015). When they 
take an economic nature, the loss of  efficiency is exemplified by a hypothetical pharma-
ceutical firm that, ending up in a new profitable disease class, would have to retrain its 
specialized base of  biochemists in a very different scientific field (and, relatedly, adapt its 
physical plants to different types of  chemical reagents).

The key argument about redeployment costs as efficiency loss is grounded on the idea 
that resources are unique, idiosyncratic, and business-specific, meaning that, when the 
firm ends up in a new technological class, the exercise of  the growth option via patent 
embodiment would be associated with a loss of  efficiency.[7] This argument builds on the 
underlying notion of  Ricardian rents (Montgomery and Wernerfelt, 1988), defined as 
rents accrued to a firm by means of  unique resources, like a good manager or a complex 
production process. Due to their uniqueness, these resources are subject to imperfections 
in strategic factor markets (Denrell et al., 2003). Therefore, instead of  selling or renting 
them, the firm is more likely to use them internally, for instance by redeploying them. 
Yet, their uniqueness also translates into lost efficiency during resource redeployment. 
Lost efficiency, in turn, lowers the option value of  resource redeployability via equation 
(2): since future, expected cash flows are net of  redeployment costs (Sakhartov, 2017), an 
increase of  redeployment costs leads to a decrease of  Vd, thus implying a decrease of  the 
option value of  resource redeployability. This leads to the following hypothesis:

Hypothesis 4: Conditional on entry into a new technology class, redeployment costs 
negatively affect firm value, by decreasing the option value of  resource redeployability.

Despite the broad appeal of  the option-based logic, technologies are peculiar from the 
point of  view of  options, due to their inherent fungibility, as well as the unprestateability of  
all possible uses and their ‘shadow-like’ features (Andriani and Cattani, 2016, 2019). This 
complicates option valuation (Cattani and Mastrogiorgio, 2021; Felin et al., 2016) and makes 
a theory of  ‘realistic real options’ more necessary (Leiblein et al., 2017; see also Adner and 
Levinthal, 2004). Problems of  valuation – of  technologies and resources, and of  the options 
incorporated in them – are central to the strategy literature, which has long debated whether 
strategic factor markets are efficient (Barney, 1986) or, as claimed by Denrell et al. (2003), 
they are not, due to the complex, non-commoditized nature of  technologies and resources, 
which complicates the imputation of  value via market incompleteness. Yet, as noted by 
Sakhartov (2017), there is room for identifying the different situations in which misvaluation 
happens, particularly when new uses emerge unexpectedly and resources are redeployable 
into new domains – an aspect on which there is, still, little understanding.

This analysis is particularly compelling in our setting. As Bernstein (1996) notes, 
economic agents ‘can calculate probabilities from real-life situations only when similar 
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experiences have occurred often enough. But when events are [new and] unique, am-
biguity takes over’ (p. 302, emphasis added). Put differently, learning asymmetries 
(Leiblein et al., 2017), combined with the inherent fungibility and ‘unprestateability’ 
of  technology, may prevent the calculation of  distributions (Felin et al., 2014), hinder-
ing the valuation of  option returns (Andriani and Cattani, 2016): or, in Bowman and 
Hurry’s (1993) terms, shadow options ‘awaiting recognition’ (p. 763) may – in a certain 
sense – never stop waiting. From a formal point of  view, this amounts to assessing the 
misvaluation of  the option value of  redeployability, conditional on entry into a new 
technological class, which means assessing if  there is a deviation from the hypothetical 
‘true’ value Vd that would occur in a situation of  efficiency. Considering that, under 
market efficiency, information would immediately be reflected in firm value (Fama, 
1965, 1970; Malkiel, 2003), the lack of  efficiency means that information is reflected 
in firm value with some time persistence, implying a misvaluation in the option value 
of  redeployability (conditional on entry into a new technological class). This leads to 
the following hypothesis:

Hypothesis 5: Entry into a new technology class positively affects firm value with 
time persistence.

EMPIRICAL SETTING

Data Sources

To test our hypotheses, we gathered data from several sources. Patent information comes 
from the National Bureau of  Economic Research (NBER) patent data set, which con-
tains all patents filed at the US Patent and Trademark Office (USPTO) and represents 
the main data source in the innovation literature (e.g., Hall et al., 2001). Financial data at 
the firm level comes from the Compustat data set, which contains comprehensive infor-
mation on US listed companies. Stock return data comes from the Center for Research in 
Security Prices (CRSP). We matched these data sources using the procedure described in 
Bessen (2009) to get a panel data set containing 3,296 unique firms for a total of  24,889 
observations (net of  missing values in the variables discussed next) from 1985 to 2006.

Dependent Variables

To test Hypotheses 1 through 4, we needed a measure of  firm performance. To this end, 
we employed a forward-looking measure of  firm performance which hinges on the firm’s 
market value. Specifically, we employed the market to book ratio (MTB), computed as 
the ratio between the market value of  a firm’s equity divided by the book value of  equity. 
This is a common measure of  market-based performance, which is also easier to com-
pute than the Tobin’s Q since it does not require an estimate of  the replacement value 
of  assets. Alternatively, we followed suggestions in the existing literature (Sakhartov and 
Folta, 2014) and adopted the return on assets (ROA), computed as the ratio of  earnings 
before interest, taxes, depreciation, and amortization divided by the one-year lagged 
book value of  total assets. A key feature of  the ROA is that it captures current operating 
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performance by measuring the ability of  the firm to generate operating profits out of  the 
asset base.

We also used MTB to test Hypothesis 5. Sakhartov (2017) hints at more direct mea-
sures of  misvaluation, such as the difference between the price paid by a bidder during 
an acquisition and what is disclosed in the due diligence process. We believe that both 
acquisition-based and MTB measures are useful to capture the same underlying phe-
nomenon: market inefficiency due to the misvaluation of  resource redeployability. While 
acquisition-based measures may capture more directly what happens in strategic factor 
markets, MTB captures the firm’s stock market value more broadly.

Explanatory Variables

Technological entry. Central to our study is a measure of  entry into a new class of  technology, 
which we involve in the testing of  Hypotheses 1, 2, and 5. The approach we follow is inspired 
by the evolutionary literature (Cattani, 2005; Mastrogiorgio and Gilsing, 2016). Specifically, 
we build the variable Technological entry as the logarithm of  one plus the instances of  entry into 
technological classes which are entirely new to the firm’s patent portfolio. To measure the 
novelty of  a technological class, we look at both main and secondary three-digit technological 
classifications where a firm has patented in the past: if  the patent’s main classification differs 
from both the main and secondary classifications of  all the patents granted to firm i (during 
the years preceding t), we classify it as novel to the firm’s existing technological knowledge 
base. If  instead the patent’s main classification belongs to the set of  main and secondary 
classifications of  all the patents granted to firm i, we classify it as non-novel or belonging 
to a firm’s existing technological knowledge base. This measure, which is the output of  
a computationally intensive algorithm, has the following logic: the USPTO assigns the 
focal patent to a main technological classification that identifies the main type as well as 
the ‘function’ (or ‘use’, here used interchangeably) of  the underlying technology. Indeed, 
the USPTO uses the ‘fundamental, direct, or necessary function as the principal basis of  
classification’, where the function is the result achieved by ‘similar processes or structures 
… by the application of  similar natural laws to similar substances’ (USPTO, 2012). The 
idea of  the measure is to compare the main use of  the focal patent with the universe of  uses 
implied by the portfolio of  patents granted to the firm previously. If  the main use of  the focal 
patent differs from this universe, this may indicate an unexpected inventive process whereby 
‘investigators were searching in one problem space but made their discovery in another’ 
(Yaqub, 2018, p. 171).

In our setting, the problem space of  search is the domain of  a firm’s previous experi-
ence (as proxied by its patent portfolio). Operationally, we compare the main use of  the 
focal patent with a universe containing both the main uses of  previous patents and other 
uses eventually envisioned but not claimed as principal invention. For this purpose, we 
exploit a peculiarity of  the US patent system: the assignment of  patents to both Original 
Reference and Cross Reference technological classifications, OR and XR, respectively. 
The OR class is mandatory, as it reflects the controlling claim of  the patent. In other 
words, it reflects the main use of  the underlying technology, and it appears in bold font 
in the first position of  a patent document: we can think about the OR class as the ‘main 
idea’ behind the technology. The XR class, instead, is required or not depending on 
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whether it is based on claimed or unclaimed inventor information or on other types of  
information. Although the XR class is not mandatory and thus potentially undisclosed 
for strategic reasons, the percentage of  patents with undisclosed XR classes in our data-
base is extremely small, given the peculiarities of  the US patent claiming system (Fromer, 
2009). Therefore, the XR class may reflect other eventual uses envisioned when the pat-
ent was being drafted and it appears in plain font after the first position of  a patent doc-
ument: we can think about the XR class as ‘other ideas’ about the technology (USPTO, 
2012). Overall, the idea of  the measure is to compare the OR class of  the focal patent 
with the universe of  OR and XR classes contained in the portfolio of  patents granted to 
the firm previously. If  the OR class of  the focal patent differs from this universe, this in-
dicates novelty. Formally speaking, a new technological entry can be expressed as follows:

where di,t is a dummy equal to 1 if  there exists at least one applied patent j such that 
the OR class c of  patent j applied by firm i at time t does not belong to the set given by 
the non-repeated list of  OR and XR classes c included in all the h = 1, 2, … N patents 
granted to firm i in the time interval between t−1 and t−5. Otherwise di,t is 0. For the 
empirical analysis, we sum all instances of  new technological entry by a firm at a given 
point in time (so as to have a continuous measure, indicated by si,t in the models). Then, 
we take the logarithm of  one plus the resulting measure (where one is added to avoid 
losing firms without new entry).

A simple example is provided in Figure A1 of  this article’s online Appendix, which 
contains the front page of  a patent P1 protecting a molecular system designed to operate 
in the realm of  quantum superposition before collapsing on classical states. The OR 
class, 506, appears in bold font in the first position on the patent document (see [a] in 
the figure), and it refers to a set of  uses of  the technology in the domain of  ‘combinato-
rial chemistry technology: method, library, apparatus’. The first XR class, 706, appears 
in plain font after the first position (see [b] in the figure), and it refers to a set of  uses 
of  the technology in the domain of  ‘data processing: artificial intelligence’. If  the firm 
owning P1 specializes in chemistry and later on applies for another patent P2 protecting 
a quantum molecular system specifically designed for artificial intelligence, this new use 
would be already envisioned in patent P1 (as also evident in the abstract of  P1), and thus 
the firm’s entry into the artificial intelligence class would not be classified as unexpected. 
Hence, a key question regarding our measure is the extent to which it captures unexpect-
edness – and, broadly speaking, serendipity – in inventive processes that spur entry into 
new technological classes.

Establishing that a given inventive process, as proxied by patenting in the new techno-
logical class, had some element of  unexpectedness is challenging and requires a combi-
nation of  approaches (Cattani and Mastrogiorgio, 2021). We propose several validation 
tests (reported in the article’s online Appendix) to offer glimpses into this issue.

di,t =

{

1 if∃ j s. t . cOR
j,i,t

∉U ={cOR

h,i,(t−1_t−5)
, cXR

h,i,(t−1_t−5)
}

0 otherwise
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•	 Fine-tuning the measure. Even if  our measure is based on technological classes that are new to the firm (that 
is, no patents were granted to the firm in this class in the past), the patents filed in such class may have 
built on the firm’s existing technological knowledge base. To reduce this concern, we reclassified di,t=1 
as 0 if  the patent leading to entry into a new technological class made any citation to other patents filed 
by the same firm in the past (see Cattani, 2005). A related concern is that the patent’s technology class 
is new to the firm, but inventors were already active in this class in the past. To avoid this concern, the 
novelty and unexpectedness of  the class should also be established by leveraging inventors’ data. Hence, 
we reclassified again di,t=1 as 0 if  inventors were already experienced in the class of  the patent that we 
used to capture technological entry. This restriction is implemented by using disambiguated patent data 
from the Patent Network Database (Li et al., 2014) and has been applied solely within the period 1980–95 
due to data constraints. Tables A1 and A2 in this article’s online Appendix, in which both restrictions are 
applied, show that our results are largely robust.

•	 Text mining of  patent corpus. Based on the Text Analytics Toolbox of  Matlab, we built an algorithm to analyse 
the textual properties of  patent documents (from Google Patents and the USPTO website). Leveraging on 
recent advancements in natural language processing (Arts et al., 2021), we mined a predefined ‘dictionary 
of  unexpectedness’[8] in the abstract, background, summary, and description sections of  a random sample 
of  3,000 patents drawn from our data set. As Table A3 in this article’s online Appendix shows, the number 
of  unexpectedness-related words in a patent’s corpus is positively associated with the probability that our 
main patent measure identifies a technological entry.

•	 Tests of  power-law distribution. We will show that entries in new technological classes are rare, in line with 
previous evidence on similar unexpected phenomena (Andriani et al., 2017). As further validation, we 
tested whether the number of  words related to unexpectedness in a patent corpus (see the previous point) 
follow a skewed distribution known as ‘power-law’. Relying on the statistical test proposed by Clauset et 
al. (2009), we found significant evidence of  a power-law distribution.[9]

•	 A qualitative approach. We analysed news articles obtained from Factiva to qualitatively assess whether some 
of  our patents (for which we found reference in media articles) were indeed the result of  unexpectedness 
during the inventive process. This article’s online Appendix explains the details of  the analysis and reports 
the findings, which also validate our measure.

Volatilities. We now discuss the construction of  the other explanatory variables. To test 
Hypothesis 2, we need a measure of  volatility of  stock returns in the firm’s main industry 
(Industry-level volatility), which we compute by taking the average (logged) standard 
deviation of  monthly firms’ stock returns by each three-digit SIC industry and year (from 
CRSP). The higher the value, the higher the dispersion of  stock returns in that industry 
and year.[10] The testing of  Hypothesis 3 involves a measure of  return volatility in the 
technological class of  entry. To operationalize such a measure (Technology-level volatility), 
we start by taking the patent-level data set and identify the stock return of  each patentee 
at the patent’s application year.[11] Using this data, we compute the average standard 
deviation of  stock returns across each three-digit technological class and year. Then, we 
compute the ratio of  a firm’s patents in the new technological class scaled by all patents 
in that year; this ratio gives us the relative importance of  a given technological entry 
as compared with the firm’s entire patent portfolio. Finally, for firms entering a new 
technological class, we multiply the average standard deviation of  stock returns of  that 
class by the above ratio and compute the (logged) average standard deviation of  returns 
across all technological classes and year.

Redeployment costs. To measure redeployment costs, which are used to test Hypothesis 
4, we rely on the approach developed in Kim and Kung (2017). This approach aims 

 14676486, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jom

s.12795 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



	 Technological Entry, Redeployability, and Firm Value	 1703

© 2022 The Authors. Journal of  Management Studies published by Society for the Advancement of  Management  
Studies and John Wiley&Sons Ltd.

at measuring asset redeployability from the Bureau of  Economic Analysis (BEA) 
capital flow table, which breaks down capital expenditures into a variety of  asset 
categories for a broad cross-section of  industries. Building on the notions of  asset 
specificity (Williamson, 1988) and asset market thickness (Gavazza, 2011), the asset-
level redeployability score is computed as the proportion of  firms that use a given 
asset: the redeployability score would be higher when more firms in the economy 
use a given asset, i.e., when those assets feature a greater ‘saleability’ and can thus be 
redeployed across a wider array of  activities.[12] From Kim and Kung (2017), we derive 
a firm-level redeployability measure (Redeployability) spanning from 1985 to 2006. As a 
robustness check, we follow the suggestion in Sakhartov and Folta (2014) and employ 
a measure of  relatedness between the class of  technological entry and the firm’s main 
industry by using Brian Silverman’s concordance table between international patent 
classes and SIC codes. The underlying idea is that it would be cheaper for a firm to 
redeploy its current assets in the technological class of  entry when such class is more 
closely related to the firm’s current activities.

Control variables. We compute several variables used to control for factors that may 
relate to both technological entry and firm performance, thus generating an omitted 
factor bias.

Technological entry will be more likely at firms that are generally more active in 
patenting. To account for this factor, we control for the count of  a firm’s i patent at 
time t scaled by one-year lagged R&D expenditures (Innovation efficiency). We further 
control for the degree of  originality and generality of  a firm’s patent portfolio by 
using two measures (Patent originality and Patent generality) based on the distribution of  
forward and backward citations across technological fields, which are common to the 
patent literature (Hall et al., 2001); these measures are useful to account for the fact 
that entry into new technological classes can be more likely among firms with more 
radical patent portfolios (e.g., due to their superior recombination ability or access to 
more heterogeneous knowledge sources), which at the same time can exhibit higher 
performance.

Next, we include a set of  accounting characteristics. We control for firm size by using 
the logarithm of  the book value of  total assets (Ln assets). To control for a firm’s internal 
and external development activities, we compute the ratio of  capital expenditures scaled 
by the one-year lagged value of  total assets (Capital expenditures), the ratio of  R&D expendi-
tures again scaled by lagged total assets (R&D expenditures), and the logarithm of  (one plus) 
the number of  completed acquisitions (Ln acquisitions), drawn from the SDC Platinum data 
set. Growth in the top line of  the balance sheet is controlled for via the annual growth of  
a firm’s revenues (Revenue growth). Moving to the financial structure, we control for the ratio 
of  the book value of  debt scaled by the book value of  total liabilities (Leverage). Using data 
from Compustat Segment, we also control for industry diversification by computing the 
Herfindahl-Hirschman index of  concentration of  firms’ revenues across three-digit SIC in-
dustries (Industry diversification). Together with our control on a firm’s acquisitions, this vari-
able accounts for the fact that firms may enter unrelated domains by acquiring target firms 
whose patents are also novel to the firm’s technological domain.
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Finally, depending on the specification, we control for firm fixed effects to remove 
constant heterogeneity at the company level, year dummies to remove common temporal 
effects, and industry×year and state×year dummies to remove time varying geographic 
and industry heterogeneity.

Regression Models

To test our hypotheses, we rely on an empirical framework similar to that proposed by 
Sakhartov (2017), where measurable manifestations of  a firm’s performance and stock 
market misvaluation are modelled as a function of  technological entry. The models to 
test the first hypothesis take the following form:

where yi,t is the MTB or ROA of  firm i in year t and si,t is our technological entry mea-
sure as defined in the previous section. Consistent with our first hypothesis, we expect the 
coefficient β1 to be positive and statistically significant. Zi,t is a vector containing the firm-
level controls discussed earlier, which remove the effect of  observable firm characteristics 
on performance. This model is estimated using the full sample. In this and all subsequent 
models, standard errors are clustered by firm to account for serial correlation and het-
eroskedasticity in the residuals.

The models to test the second hypothesis take the following form:

where yi,t, si,t, and Zi,t are the same as before, while σi,t is the industry-level return volatil-
ity – expressed by the corresponding three-digit SIC code – of  firm i in year t, followed 
by the interaction si,tσi,t between technological entry and industry-level return volatility. 
Our hypothesis suggests that β3, the coefficient of  the interaction term, will be positive 
and statistically significant. This model, too, is estimated using the full sample.

The models to test the third and fourth hypotheses take the following form:

where yi,t and Zi,t are again the same as before, whereas σi,t and ci,t represent, respec-
tively, the (log of) technology-level return volatility and the measure of  redeployment 
costs (proxied by the redeployability variable). This model is only estimated for the sub-
sample of  firms experiencing technological entry and considers the years following the 
entry event. Again, we augment these models with firm fixed effects.

Finally, the model for the fifth hypothesis, in part based on Hirshleifer et al. (2013), 
takes the following form:

yi,t = β0 + β1si,t + β2Zi,t + εi,t

yi,t = β0 + β1si,t + β2σi,t+β3si,tσi,t+β4Zi,t + εi,t

yi,t = β0 + β1σi,t + β2ci,t + β3Zi,t + εi,t

yi,t = β0 + β1si,t + β2si,t−1 + β3si,t−2+β4si,t−3+β5Zi,t + εi,t
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where si,t and Zi,t are the same as before, while si,t−i are the technological entry lags in 
year t−1, t−2, and t−3 that aim to capture delayed reflection of  information in market 
valuation.

FINDINGS

Table I, Panel A, shows the mean, median, and standard deviation for the key variables, 
whereas Panel B reports the correlations. Figure 3 illustrates the instances of  technolog-
ical entry in each firm’s patent portfolio. As shown, the distribution is clearly skewed: a 
large fraction of  firms does not experience any technological entry at all, and a small 
fraction of  firms experiences multiple entries.

Before moving to the testing of  our hypotheses, we describe the association between 
technological entry and firm characteristics. We do so in Table II, which shows the results 
of  a t-test comparison of  the firm-level variables described previously. As shown, most of  
these variables are unbalanced between firms with and without technological entry. For 
instance, the former appear to file more patents per R&D expenditure, and file patents 
that are more general and original. They are also larger, more engaged in acquisitions 
and capital expenditures, but less on R&D spending. These differences point to the im-
portance of  controlling for a comprehensive vector of  firm characteristics and, as we do, 
also remove constant heterogeneity via firm fixed effects.

The results for the first hypothesis are reported in Table III. Column 1 shows the results 
obtained using MTB as the dependent variable, the continuous measure of  technological 
entry as the explanatory variable, and controlling for firm and year fixed effects. Columns 
2 through 5 sequentially include the patent and accounting controls, together with a set of  
dummies to control for industry- and region-specific time effects. Finally, column 6 validates 
the results using ROA as the dependent variable. In line with the first hypothesis, the coef-
ficient of  technological entry always has a positive and statistically significant effect on firm 
performance. In an additional analysis, we have estimated the effect of  entry on subsequent 
firm performance (i.e., one or two years after). The estimated effects (untabulated) are gen-
erally in line with our theory, and – as expected – slightly stronger in magnitude.[13]

The results for the second hypothesis are reported in Table  IV. Column 1 reports 
the model estimated on the full sample. The key coefficient of  interest is that of  the 
interaction term between technological entry and industry-level return volatility. Since 
the model controls for industry×year intercepts, we exclude the direct effect of  industry 
volatility.[14] As shown, the coefficient of  the interaction term is positive and significant 
at the 1 per cent level. This finding is illustrated in Figure 4, which – in line with our 
second hypothesis – shows how the effect of  technological entry on the MTB is more 
pronounced in regimes of  high industry-level return volatility as compared with regimes 
of  low volatility.

The results for our third and fourth hypotheses are reported in Table V. As shown, 
there is a positive and 5 per cent significant association between a technological class’s 
stock return volatility and firm performance, when measured via ROA. That is, our 
third hypothesis received mixed support. The model shows that the coefficient of  asset 
redeployability is not statistically different from zero, i.e., our fourth hypothesis is not 
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confirmed. We derive similar (insignificant) results if  we adopt the relatedness measure 
between the technological class of  entry and a firm’s SIC, as discussed in the previous 
section.

The results for the fifth hypothesis are reported in Table VI, which shows the model 
estimated using as explanatory variables the measure of  technological entry in the year 
t, its lagged values in the years t−1, t−2, and t−3, and the usual set of  controls and fixed 
effects. As already shown in our testing of  Hypothesis 1, the coefficient of  time-t entry 
has a positive effect on the MTB, which is significant at the 5 per cent level. Yet, lagged 
entry at t−1, t−2, and t−3 are not statistically significant, suggesting that current market 
values tend to incorporate the information provided by the occurrence of  technological 
entry, and thus providing puzzling results for Hypothesis 5, which are discussed in the 
next section.

Besides the validation analyses mentioned previously, this article’s online Appendix 
reports some additional findings. First, one concern for the causal interpretation of  our 
results arises from reverse causality, according to which firm performance may drive the 
ability to enter new technological classes (and not vice versa). To alleviate this concern, 
we conduct a specific test in which we analyse the effect of  past performance on techno-
logical entry. To this end, we exploit the longitudinal dimension of  our data and analyse 
whether the MTB or ROA at time t −1 have a significant effect on technological entry 
at time t (for the subset of  firms without technological entry from t−3 to t−1, to discern 
the direction of  causality). Our results in Table A4 in online Appendix show that this is 
not the case.

Another concern is about the assumption that entries in new technological classes em-
body valuable growth options. To probe into this assumption, we tested if  entry patents 

Figure 3. Frequency of  technological entry [Colour figure can be viewed at wileyonlinelibrary.com]
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are impactful also from a technological point of  view. Based on a random sample, we 
conducted a patent-level analysis that compared the forward citations received by an 
entry patent with those received by other patents. The results are reported in Table A5 
in online Appendix, in which forward citations are regressed on the entry dummy, con-
trolling for patent generality, originality, technological class, and grant year dummies. In 
column 4 we show the results based on a negative binomial specification, whereas the 
other columns show the OLS results. As we can see, the entry dummy has a positive and 
statistically significant effect on forward citations. The finding is robust to using propen-
sity score matching.

DISCUSSION

Several strategy scholars have adopted the formalism of  option theory to examine how 
firms redeploy their resources. Existing undertakings in this literature typically assume 

Table II. Firm characteristics and technological entry

Entry = 0 Entry = 1 Difference (2) – (1)

(1) (2) (3)

Innovation efficiency 0.243 1.125 0.882***

(0.059)

Patent originality 0.039 0.262 0.223***

(0.002)

Patent generality 0.022 0.151 0.129***

(0.002)

Ln assets 3.981 6.242 2.261***

(0.029)

Revenue growth 0.235 0.123 −0.112***

(0.011)

Ln acquisitions 0.221 0.463 0.242***

(0.006)

Leverage 0.187 0.195 0.008**

(0.004)

Capital expenditures 0.057 0.068 0.011***

(0.001)

R&D expenditures 0.144 0.088 −0.066***

(0.003)

Industry diversification 0.597 0.584 −0.013***

(0.004)

Note: Standard errors in parenthesis. *, **, and *** denote significance at 10%, 5%, and 1%, respectively.
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that the domains in which firms redeploy resources are known, or easily identifiable, 
ex ante (Dushnitsky and Klueter, 2016; Sakhartov and Folta, 2014, 2015). In reality, 
many examples across different industries suggest that the new domains of  an applica-
tion often emerge unexpectedly from firm’s technological activities that accumulate with-
out anticipation of  subsequent uses. This evidence calls for further examinations of  the 

Table IV. Moderating effect of  industry-level volatility (Hypothesis 2)

Dependent variable

Market to book Return on assets

(1) (2)

Technological entry [cont.]×Industry-level volatility 0.8019*** 0.0454***

(0.1511) (0.0134)

Technological entry [cont.] 1.6467*** 0.1006***

(0.3124) (0.0278)

Innovation efficiency 0.0052 −0.0002

(0.0036) (0.0005)

Patent originality −0.1350 0.0107

(0.1447) (0.0120)

Patent generality −0.1297 0.0165

(0.1975) (0.0135)

Ln assets 0.7089*** 0.0416***

(0.0576) (0.0079)

Revenue growth 0.2203*** 0.0260***

(0.0340) (0.0057)

Ln acquisitions 0.1620*** 0.0145***

(0.0458) (0.0045)

Leverage −0.8720*** −0.0650***

(0.1208) (0.0229)

Capital expenditures 3.2291*** −0.4529***

(0.4178) (0.0938)

R&D expenditures 0.2739 −1.2121***

(0.2219) (0.0604)

Industry diversification 0.1668 0.0358**

(0.1354) (0.0156)

Firm fixed effects Yes Yes

Industry×Year dummies Yes Yes

State×Year dummies Yes Yes

Observations 24,889 24,889

Note: Standard errors clustered by firm are reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 
1%, respectively.
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notion that inventive efforts ‘made in exploration of  a new domain should be separated 
from those conducted without foreknowledge of  any potential redeployment’ (Cattani, 2005, p. 
565, emphasis added), an idea that takes central stage in a recent evolutionary literature 
that sheds light on the unexpected uses of  technologies (Andriani and Cattani, 2016; 
Andriani et al., 2017; Cattani and Mastrogiorgio, 2021). By bridging these literatures, 
we examined firms’ entries into new technological classes via patenting and proposed a 
framework according to which technological entry produces option value as a function 
of  return volatilities and redeployment costs.

The empirical findings confirmed that technological entry spurs firm value, espe-
cially in volatile industry settings. Yet, contrary to our expectation, redeployment costs 
did not play a significant role. This result is puzzling but, at the same time, interest-
ing, because it suggests that the unrelatedness of  new technological domains does not 
necessarily preclude the potential of  firms to efficiently redeploy. It thus talks to some 
established assumptions, like those about the value pitfalls of  a firm’s pre-entry experi-
ence (Christensen et al., 1998) and, more specifically, the notion that value increases only 
with higher relatedness between a firm’s pre-entry experience and the new domains of  
entry (Helfat and Lieberman, 2002). While unpacking such complex issues is outside the 
scope of  this article, our findings appear to suggest that firms’ technological bases are 
inherently option-rich, i.e., they drive unexpected entries in new technological areas that 
in turn raise firm value. Is this, perhaps, another contingency that invalidates the inverted 
U-shaped linkage (Ahuja and Novelli, 2017) between the degree of  relatedness and the 
value of  firms? We do not have an answer to this question, but further work in this direc-
tion may prove valuable.

Figure 4. Effect of  technological entry on market to book by industry-level volatility (Hypothesis 2) [Colour 
figure can be viewed at wileyonlinelibrary.com]
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Overall, we contribute to the growing literature on resource-based diversification 
(Folta, 2021). As recently noted by Cattani and Malerba (2021), firms grow not only by 
expanding within their current businesses but also by entering new businesses, as shown 
by the Corning example. In this regard, a firm’s resources provide a platform for growth 
because, as Penrose argued decades ago, these ‘can be used in different ways and for 

Table V. Effects of  technology-level return volatility and redeployability (Hypotheses 3 and 4)

Dependent variable

Market to book Return on assets

(1) (2)

Technology-level volatility −0.0140 0.0079**

(0.0635) (0.0035)

Redeployability −0.5263 0.1422

(5.8584) (0.3345)

Innovation efficiency 0.0254 0.0027*

(0.0177) (0.0014)

Patent originality −0.0023 −0.0204

(0.2531) (0.0151)

Patent generality 1.1176*** 0.0343**

(0.3334) (0.0148)

Ln assets 0.7056*** 0.0140

(0.1546) (0.0108)

Revenue growth 0.3600*** 0.1033***

(0.1361) (0.0183)

Ln acquisitions 0.1496** 0.0099***

(0.0732) (0.0036)

Leverage −0.6778** −0.0027

(0.3187) (0.0207)

Capital expenditures 4.5871*** 0.2953***

(0.9243) (0.0799)

R&D expenditures 0.9962 −0.4472***

(0.9279) (0.1223)

Industry diversification 0.6769** 0.0447***

(0.2885) (0.0162)

Firm fixed effects Yes Yes

Industry×Year dummies Yes Yes

State×Year dummies Yes Yes

Observations 6,639 6,639

Note: Standard errors clustered by firm are reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 
1%, respectively.
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Table VI. Persistence of  technological entry on market value (Hypothesis 5)

Dependent variable

Market to book

(1) (2) (3) (4)

Technological entry t 0.0991**

(0.0451)

Technological entry t = −1 0.0486

(0.0430)

Technological entry t = −2 0.0005

(0.0429)

Technological entry t = −3 −0.0664

(0.0404)

Innovation efficiency 0.0047 0.0059 0.0057 0.0059

(0.0036) (0.0037) (0.0037) (0.0037)

Patent originality −0.1945 −0.1544 −0.1476 −0.1573

(0.1450) (0.1511) (0.1556) (0.1589)

Patent generality −0.1893 −0.1993 −0.2340 −0.1518

(0.1995) (0.2032) (0.2205) (0.2360)

Ln assets 0.7125*** 0.7238*** 0.7386*** 0.7911***

(0.0577) (0.0590) (0.0614) (0.0646)

Revenue growth 0.2196*** 0.2193*** 0.2075*** 0.2295***

(0.0340) (0.0343) (0.0354) (0.0371)

Ln acquisitions 0.1658*** 0.1682*** 0.1704*** 0.1600***

(0.0461) (0.0469) (0.0478) (0.0484)

Leverage −0.8732*** −0.8927*** −0.9841*** −1.0422***

(0.1210) (0.1224) (0.1259) (0.1286)

Capital expenditures 3.2295*** 3.2708*** 3.5576*** 4.0201***

(0.4180) (0.4332) (0.4772) (0.4915)

R&D expenditures 0.2836 0.2666 0.3758 0.6011**

(0.2216) (0.2212) (0.2310) (0.2415)

Industry diversification 0.1875 0.1883 0.1920 0.2314

(0.1358) (0.1366) (0.1390) (0.1417)

Firm fixed effects Yes Yes Yes Yes

Industry×Year dummies Yes Yes Yes Yes

State×Year dummies Yes Yes Yes Yes

Observations 24,889 24,022 22,979 21,780

Note: Standard errors clustered by firm are reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 
1%, respectively.
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different purposes’ (1959, p. 76). A key implication of  conceptualizing resources as bun-
dles of  possible uses is that all the uses of  a resource cannot be possibly known or identi-
fied ex ante (Felin et al., 2021). Resources, in other words, represent what Bowman and 
Hurry (1993) called ‘shadow options’ of  redeployment that await recognition. How are 
new uses uncovered, and how do shadow options emerge, thus becoming standard growth 
options that spur firm value? We elaborated a conceptual and empirical framework that 
shows how a firm’s technology base, by progressively radiating into new domains that po-
tentially reveal new uses and options of  resource redeployment, spurs firm value.

What organizational policies could companies adopt to foster technological un-
expectedness leading to firm value via option effects? We refer to the evolutionary-
inspired literature, which has examined a variety of  possible arrangements (Cattani 
and Mastrogiorgio, 2021). Worth mentioning are the different types of  de-structured 
organizational arrangements, like bottom-up rather than hierarchical power, bound-
ary spanning, cross-functional teamwork, deadline removal, and the opportunity to 
play, freely, with ideas (Cunha et al., 2010). The success of  these arrangements ex-
plains their wide use in companies such as Google, Pixar, and 3M, among others. 3M, 
for instance, is well-known for a human-resource policy that allows its engineers and 
inventors to spend up to 15 per cent of  their time to pursue whatever project they like. 
This policy has been credited for the invention of  many breakthrough technologies 
some of  which, like the Post-It, were originally unintended (Cattani, 2019). Other 
examples are Google’s inventions of  SkyMap, StreetView, and Gmail, which resulted 
from similar policies.

Limitations and Future Research Directions

Our study has some limitations that are worth acknowledging. The first is of  a meth-
odological nature and is related to the classification of  technological entry based on 
patents. Notoriously, patent data suffer from two shortcomings: (1) firms do not patent 
all their inventions; and (2) the technological classifications of  patents may not always 
coincide with the underlying pieces of  knowledge. While we have provided a battery 
of  tests to reinforce the validity of  our findings, patent-based measures remain im-
perfect. Future studies could employ more fine-grained data (for instance, based on 
primary sources coming from surveys to inventors) with the aim of  shedding light on 
the cognitive processes that underlie the activities leading to unexpected entries in 
new technological classes. Another fruitful area of  investigation concerns the factors 
that mediate the relationship between technological entry and firm value. In untab-
ulated analyses, we found some evidence that firms which enter new technological 
classes invest more and diversify their revenues following entry. This evidence may point 
to how firms exercise the implicit options granted by the technological entry, and thus 
to the mechanisms of  value creation in the aftermath of  technological entry. An ideal 
test of  these mechanisms would require investment or revenue data by product or 
technological class.

A second limitation of  our study is that the positive effects of  volatilities on option 
value could be an artefact of  the absence of  ‘contemporaneous uncertainty’. As argued 
by Posen et al. (2018), strategy scholars conventionally think that the value of  a real 
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option increases with higher levels of  volatility, which serves as a proxy for ‘future’ uncer-
tainty about the value of  the underlying asset. Yet, due to market incompleteness (Denrell 
et al., 2003), the illiquid nature of  real assets limits the availability of  information and 
fundamentally complicates valuation (Bowman and Moskowitz, 2001), thus generating 
‘contemporaneous uncertainty’ that may lead to managerial ‘value-destroying errors’ 
that decrease – rather than increase – option value (Posen et al., 2018, p. 1132). Although 
our models include proxies for contemporaneous uncertainty that should, in principle, 
control for it (e.g., the industry’s stage of  technology development, captured by fixed ef-
fects, or common temporal shocks, captured by year dummies and their interaction with 
industry dummies), future work could engage with these issues by further exploring the 
behavioural deviations from efficiency.

A third limitation, related to the second, is that our study does not take fully into ac-
count the mechanisms of  inefficient valuation implied by some of  our key arguments 
– in particular, in the fifth hypothesis, for which we indeed found puzzling results. We 
believe that addressing these issues is of  fundamental importance for the development of  
a comprehensive theory that aims to link unexpected entry into new technological classes 
to a firm’s market value via the option value of  redeployability. In this regard, the finan-
cial literature on market inefficiency (Fama, 1965, 1970; Samuelson, 1965; Shiller, 2000) 
could be the starting point of  a fine-grained empirical detection of  inefficiency, perhaps 
in the time-series of  stock returns rather than in raw performance variables. The link be-
tween technology and stock returns has received increasing attention (Cohen et al., 2013; 
Hall, 2001; Hobijn and Jovanovic, 2001; Nicholas, 2008; Pastor and Veronesi, 2005) as 
part of  a broader debate on the idea that inefficiency – and economic disequilibrium, 
broadly speaking – is endogenously generated by technology (Arthur, 2014). This type of  
analysis, therefore, could help to further clarify and shed light on the problematic nature 
of  optionality when applied to technologies and resources (Adner and Levinthal, 2004; 
Leiblein et al., 2017).

CONCLUSION

Resource redeployability is receiving increasing attention in the strategy field. Much has 
been learned about resource redeployability, but more work has been urged to chal-
lenge assumptions that are fundamental to theory. ‘Resource redeployability’ has been 
defined as the value-generating option to withdraw resources ‘from one use and reallo-
cate to another use’ (Folta, 2021), where a key assumption is that new uses of  resources 
are known ex ante, and thus easily identifiable by managers. However, many real cases 
from different industries show that new uses often have technological origins, meaning 
that they emerge over time while a firm’s technology base radiates into new domains. We 
have proposed a conceptual and empirical framework to identify how a firm’s technol-
ogy base, by radiating into new domains that potentially reveal new uses and options of  
resource redeployment, spurs option value. We articulated five hypotheses and proposed 
a new measure, finding that technological entry into new domains increases firm valua-
tion. Our work provides useful guidance for future inquiries on the origin and implica-
tions of  resource redeployability.
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NOTES

	[1]	 For the sake of  clarity, ‘businesses’ are here broadly defined, being assumed that the firm is already op-
erative in them. In our specific setting, instead, redeployment refers to the current industry of  the firm 
and the new technological class into which it enters (and in which its business presence is absent or very 
limited).

	[2]	 Yet, as recounted by Penrose (1960), neither Du Pont nor Hercules (its former subsidiary) really knew 
where they were going to redeploy their resources after World War I: ‘at the end of  the First World War 
the plant, organization, and accumulated funds of  the firm were much greater than could be used in 
explosives in view of  the drastic decline in demand after the war. In the immediate postwar period 
numerous opportunities for profitable investment were open on all sides in the expanding, changing 
economy. But which of  them would furnish opportunities …?’ (Penrose, 1960, p. 6).

	[3]	 Dushnitsky and Klueter (2016) provided the first study that, within the redeployment stream (Folta et 
al., 2016), has begun to unpack the idea that the uses of  technology aren’t easily identifiable. This idea 
is at the centre of  an established evolutionary literature, on which we build, and to which we bring an 
option-valuation angle that is still missing.

	[4]	 This formal framework also provides a clean setting for testing the hypothesis that patents are options. 
Several studies have associated patents with options, but a key challenge has been that of  separating 
the pure value of  optionality from other confounding factors that also drive value but are not due to 
optionality. Patenting in technological classes that are new to the firm and unexpected allows, at least in 
part, this type of  separation.

	[5]	 As noted by Cattani (2006), there are fine-grained ‘watershed events’ that separate unexpectedness 
from intentionality, which are intrinsically difficult to capture in a large sample study like ours. To be 
more specific, both patenting and the inventive process that immediately precedes it may involve some 
significant degrees of  intentionality. Unexpectedness, therefore, would lie in the discovery phase that 
precedes invention. ‘Patenting via the unexpected route’, therefore, is here meant as unexpectedness at the 
origin of  the discovery-invention-patenting chain, not in patenting (or technological entry) per se.

	[6]	 ‘[We can] think of  the distance to that market as larger to the extent that the critical factors in the mar-
ket differ from those in the firm’s current scope. […] The farther from its current scope that it must go, 
ceteris paribus, the larger will be the loss in efficiency and the lower will be the competitive advantage 
conferred by the factor’ (Montgomery and Wernerfelt, 1988, p. 625).

	[7]	 In reality, as our results will show, entry into new technological classes does not seem to preclude the 
ability of  firms to scale up efficiently, as illustrated by Corning’s entry into fibre optics from glass man-
ufacturing (Cattani, 2005), or by the entry of  pharmaceutical firms into new disease markets via the 
off-label route (Andriani et al., 2017).

	[8]	 After searching for the synonyms of  ‘unexpected’ on the Oxford Languages website, we defined the 
following dictionary: serendipitous, serendipity, chanceful, chance, accidental, accident, lucky, luck, for-
tuitous, fortune, unexpected, unanticipated, unforeseen, coincidental, fluky, exaptive, exaptation.

	[9]	 The test gave a p-value of  0.898. This means that a power-law cannot be excluded (see Clauset et al., 
2009).

	[10]	The three industries with the lowest value (in 2006) are Cigarettes (SIC 211), Paints, Varnishes, 
Lacquers, and Allied Products (SIC 285), and Miscellaneous Transportation Equipment (SIC 379); the 
three industries with the highest value (in 2006) are Household Audio and Video Equipment (SIC 365), 
Communication Services (SIC 489), and Miscellaneous Electrical Machinery (SIC 369).

	[11]	When the patentee applies for multiple patents in the same year, the stock return is the same.
	[12]	Assets with high redeployability are, for example, those related to ‘industrial trucks, trailers and stack-

ers’, which are used in a broad array of  industries, whereas assets with low redeployability are ‘drilling 
oil and gas wells’, which are mostly used in the oil and gas industry (Kim and Kung, 2017).
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	[13]	It could be argued that a simpler explanation of  our findings is that there is firm value in experimenting 
with new technologies, as the relevant technology base of  industries changes over time. This argument 
has been made in the literature on exploration, which has demonstrated a positive association between 
technological exploration and performance and the role of  environmental factors (Jansen et al., 2006; 
Uotila et al., 2009). Technological exploration activities, though, are intentional, while our focus is 
entirely on unexpected technological outcomes and their value implications mediated by optionality, as 
both our theory and the empirical validations seek to show. In addition, our models include controls for 
R&D, patent characteristics, and industry dummies, which indirectly account for exploration. We thank 
one reviewer for raising this point.

	[14]	Results are robust to excluding industry×year intercepts and including industry volatility.

REFERENCES

Adner, R. and Levinthal, D. A. (2004). ‘What is not a real option: Considering boundaries for the application 
of  real options to business strategy’. Academy of  Management Review, 29, 74–85.

Ahuja, G. and Novelli, E. (2017). ‘Redirecting research efforts on the diversification-performance linkage: 
The search for synergy’. Academy of  Management Annals, 11, 342–90.

Anand, J. (2004). ‘Redeployment of  corporate resources: A study of  acquisition strategies in the US defense 
industries, 1978–1996’. Managerial and Decision Economics, 25, 383–400.

Anand, J. and Singh, H. (1997). ‘Asset redeployment, acquisitions and corporate strategy in declining indus-
tries’. Strategic Management Journal, 18, 99–118.

Andriani, P., Ali, A. and Mastrogiorgio, M. (2017). ‘Measuring exaptation and its impact on innovation, 
search, and problem solving’. Organization Science, 28, 320–38.

Andriani, P. and Cattani, G. (2016). ‘Exaptation as a source of  creativity, innovation, and diversity in evolu-
tionary sciences: Introduction to the special section’. Industrial and Corporate Change, 25, 115–31.

Andriani, P., Cattani, G., Givry, P. and Narduzzo, A. (2019). ‘Unused services of  a firm’s resources: A 
Penrosian view of  shadow options’. Academy of  Management Proceedings, 19.

Andriani, P. and Kaminska, R. (2021). ‘Exploring the dynamics of  novelty production through exaptation: 
A historical analysis of  coal-tar based innovations’. Research Policy, 50, 104171.

Arthur, B. (2014). Complexity and the Economy. New York, NY: Oxford University Press.
Arts, S., Hou, J. and Gomez, J. C. (2021). ‘Natural language processing to identify the creation and impact of  

new technologies in patent text: Code, data, and new measures’. Research Policy, 50, 104144.
Barney, J. (1986). ‘Strategic factor markets: Expectations, luck, and business strategy’. Management Science, 32, 

1231–41.
Barney, J. (1991). ‘Firm resources and sustained competitive advantage’. Journal of  Management, 17, 99–120.
Basalla, G. (1988). The Evolution of  Technology. Cambridge, UK: Cambridge University Press.
Bernstein, P. L. (1996). Against the Gods: The Remarkable Story of  Risk. New York, NY: Wiley Press.
Bessen, J. (2009). NBER PDP Project User Documentation: Matching patent data to Compustat firms. Online Source. 

http://users.nber.org/~jbess​en/match​doc.pdf
Black, F. and Scholes, M. (1973). ‘The pricing of  options and corporate liabilities’. Journal of  Political Economy, 

81, 637–59.
Bloom, N. and Van Reenen, J. (2002). ‘Patents, real options and firm performance’. The Economic Journal, 

112, 97–116.
Bowman, E. H. and Hurry, D. (1993). ‘Strategy through the option lens: An integrated view of  resource 

investments and the incremental-choice process’. Academy of  Management Review, 18, 760–82.
Bowman, E. H. and Moskowitz, G. T. (2001). ‘Real options analysis and strategic decision making’. 

Organization Science, 12, 772–77.
Carignani, G., Cattani, G. and Zaina, G. (2019). ‘Evolutionary chimeras: A Woesian perspective of  radical 

innovation’. Industrial and Corporate Change, 28, 511–28.
Cattani, G. (2005). ‘Pre-adaptation, firm heterogeneity and technological performance: A study on the evo-

lution of  fiber optics, 1970–1995’. Organization Science, 16, 563–80.
Cattani, G. (2006). ‘Technological preadaptation, speciation and emergence of  new technologies: How 

Corning invented and developed fiber optics’. Industrial and Corporate Change, 15, 285–318.
Cattani, G. (2019). ‘The origins and recognition of  radical innovation: A multi-disciplinary perspective’. Stato 

e Mercato, 117, 377–410.
Cattani, G. and Malerba, F. (2021). ‘Evolutionary approaches to innovation, the firm, and the dynamics of  

industries’. Strategy Science, 6, 265–89.

 14676486, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jom

s.12795 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://users.nber.org/%7Ejbessen/matchdoc.pdf


1720	 M. D. Amore and M. Mastrogiorgio	

© 2022 The Authors. Journal of  Management Studies published by Society for the Advancement of  Management 
Studies and John Wiley&Sons Ltd.

Cattani, G. and Mastrogiorgio, G. (2021). New Developments in Evolutionary Innovation: Novelty Creation in a 
Serendipitous Economy. Oxford, UK: Oxford University Press.

Chandler, A. (1962). Strategy and Structure: Chapters in the History of  the American Industrial Enterprise. Washington, 
DC: The MIT Press.

Christensen, C. M., Suarez, F. F. and Utterback, J. M. (1998). ‘Strategies for survival in fast-changing indus-
tries’. Management Science, 44, 207–20.

Clauset, A., Shalizi, C. R. and Newman, M. E. J. (2009). ‘Power-law distributions in empirical data’. SIAM 
Review, 51, 661–703.

Cohen, L., Diether, K. and Malloy, C. (2013). ‘Misvaluing innovation’. Review of  Financial Studies, 26, 635–66.
Cunha, M. P., Clegg, S. R. and Mendonca, S. (2010). ‘On serendipity and organizing’. European Management 

Journal, 28, 319–30.
Denrell, J., Fang, C. and Winter, S. G. (2003). ‘The economics of  strategic opportunity’. Strategic Management 

Journal, 24, 977–90.
Dew, N., Sarasvathy, S. and Venkataraman, S. (2004). ‘The economic implications of  exaptation’. Journal of  

Evolutionary Economics, 14, 69–84.
Dickler, T. A. and Folta, T. B. (2020). ‘Identifying internal markets for resource redeployment’. Strategic 

Management Journal, 41, 2341–71.
Dushnitsky, G. and Klueter, T. (2016). ‘Linking technologies to applications – Insights from online markets 

for technology’. In Folta, T. B., Helfat, C. E. and Karim, S. (Eds), Resource Redeployment and Corporate 
Strategy. Bingley, UK: Emerald Publishing.

Fama, E. F. (1965). ‘Random walks in stock market prices’. Financial Analysts Journal, 21, 55–59.
Fama, E. F. (1970). ‘Efficient capital markets: A review of  theory and empirical work’. The Journal of  Finance, 

25, 383–417.
Felin, T., Kauffman, S., Koppl, R. and Longo, G. (2014). ‘Economic opportunity and evolution: Beyond 

landscapes and bounded rationality’. Strategic Entrepreneurship Journal, 8, 269–282.
Felin, T., Kauffman, S., Mastrogiorgio, A. and Mastrogiorgio, M. (2016). ‘Factor markets, actors, and affor-

dances’. Industrial and Corporate Change, 25, 133–47.
Felin, T., Kauffman, S. and Zenger, T. R. (2021). ‘Microfoundations of  resource search’. Strategic Management 

Journal, forthcoming.
Folta, T. B. (2021). Resource Redeployment. Oxford Bibliographies in Management.
Folta, T. B., Helfat, C. E. and Karim, S. (2016). Resource Redeployment and Corporate Strategy. Bingley, UK: 

Emerald Publishing.
Fromer, J. C. (2009). ‘Claiming intellectual property’. University of  Chicago Law Review, 76, 719–96.
Garud, R. and Nayyar, P. R. (1994). ‘Transformative capacity: Continual structuring by intertemporal tech-

nology transfer’. Strategic Management Journal, 15, 365–85.
Gavazza, A. (2011). ‘The role of  trading frictions in real asset markets’. American Economic Review, 101, 

1106–43.
Giarratana, M., Pasquini, M. and Santaló, J. (2021). ‘Leveraging synergies versus resource redeployment: 

Sales growth and variance in product portfolios of  diversified firms’. Strategic Management Journal, 42, 
2245–72.

Giarratana, M. and Santaló, J. (2020). ‘Transaction costs in resource redeployment for multiniche firms’. 
Organization Science, 31, 1053–312.

Hall, B. H., Jaffe, A. J. and Trajtenberg, M. (2001). The NBER Patent Citations Data File: Lessons, Insights and 
Methodological Tools. NBER working paper.

Hall, R. E. (2001). ‘The stock market and capital accumulation’. American Economic Review, 91, 1185–202.
Helfat, C. E. and Eisenhardt, K. M. (2004). ‘Inter-temporal economies of  scope, organizational modularity, 

and the dynamics of  diversification’. Strategic Management Journal, 25, 1217–32.
Helfat, C. E. and Lieberman, M. (2002). ‘The birth of  capabilities: Market entry and the importance of  

pre-history’. Industrial and Corporate Change, 11, 725–60.
Hirshleifer, D., Hsu, P. H. and Li, D. (2013). ‘Innovative efficiency and stock returns’. Journal of  Financial 

Economics, 107, 632–54.
Hobijn, B. and Jovanovic, B. (2001). ‘The information-technology revolution and the stock market evidence’. 

American Economic Review, 91, 1023–220.
Hurry, D. (1993). ‘Restructuring in the global economy: The consequences of  strategic linkages between 

Japanese and U.S. firms’. Strategic Management Journal, 14, 69–82.
Jansen, J., Van Den Bosch, F. and Volberda, H. (2006). ‘Exploratory innovation, exploitative innovation, and 

performance: Effects of  organizational antecedents and environmental moderators’. Management Science, 
52, 1661–74.

 14676486, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jom

s.12795 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



	 Technological Entry, Redeployability, and Firm Value	 1721

© 2022 The Authors. Journal of  Management Studies published by Society for the Advancement of  Management  
Studies and John Wiley&Sons Ltd.

Kim, H. and Kung, H. (2017). ‘The asset redeployability channel: How uncertainty affects corporate invest-
ment’. Review of  Financial Studies, 30, 245–80.

Klepper, S. and Simons, K. L. (2000). ‘Dominance by birthright: Entry of  prior radio producers and com-
petitive ramifications in the US television receiver industry’. Strategic Management Journal, 21, 997–1016.

Kogut, B. (1983). ‘Foreign direct investment as a sequential process’. In Audretsch, A. and Kindleberger, C. 
(Eds), The Multinational Corporation in the 1980s. MIT Press.

Kulatilaka, N. and Perotti, E. C. (1998). ‘Strategic growth options’. Management Science, 44, 1021–31.
La Porta, C., Zapperi, S. and Pilotti, L. (2020). Understanding Innovation through Exaptation. Cham, Switzerland: 

Springer Frontiers Collections.
Leiblein, M. J., Chen, J. S. and Posen, H. E. (2017). ‘Resource allocation in strategic factor markets: A real-

istic real options approach to generating competitive advantage’. Journal of  Management, 43, 2588–608.
Leten, B., Belderbos, R. and Van Looy, B. (2016). ‘Entry and technological performance in new techno-

logical domains: Technological opportunities, technology competition and technological relatedness’. 
Journal of  Management Studies, 53, 1257–91.

Levinthal, D. A. and Wu, B. (2010). ‘Opportunity costs and non-scale free capabilities: Profit maximization, 
corporate scope, and profit margins’. Strategic Management Journal, 31, 780–801.

Li, G., Lai, R., D’Amour, A., Doolin, D., Sun, Y., Torvik, V., Yu, A. and Fleming, L. (2014). ‘Disambiguation 
and co-authorship networks of  the U.S. patent inventor database (1975–2010)’. Research Policy, 43, 
941–55.

Lieberman, M. B., Lee, G. K. and Folta, T. B. (2017). ‘Entry, exit, and the potential for resource redeploy-
ment’. Strategic Management Journal, 38, 526–44.

Loe, M. (2004). The Rise of  Viagra: How the Little Blue Pill Changed Sex in America. New York, NY: New York 
University Press.

Malerba, F. and Orsenigo, L. (1999). ‘Technological entry, exit and survival: An empirical analysis of  patent 
data’. Research Policy, 28, 643–60.

Malkiel, B. G. (2003). ‘The efficient market hypothesis and its critics’. Journal of  Economic Perspectives, 17, 
59–82.

Mastrogiorgio, M. and Gilsing, V. (2016). ‘Innovation through exaptation and its determinants: The role of  
technological complexity, analogy making and patent scope’. Research Policy, 45, 1419–35.

Meyers, M. A. (2007). Happy Accidents: Serendipity in Major Medical Breakthroughs in the Twentieth Century. New 
York, NY: Arcade Publishing.

Mitchell, G. R. and Hamilton, W. F. (1987). ‘Managing R&D as a strategic option’. Research Management, 31, 
15–22.

Montgomery, C. A. and Wernerfelt, B. (1988). ‘Diversification, Ricardian rents, and Tobin’s q’. RAND Journal 
of  Economics, 19, 623–32.

Morandi Stagni, R., Santaló, J. and Giarratana, M. (2020). ‘Product-market competition and resource rede-
ployment in multi-business firms’. Strategic Management Journal, 41, 1799–836.

Myers, S. C. (1977). ‘Determinants of  corporate borrowing’. Journal of  Financial Economics, 5, 147–76.
Nicholas, T. (2008). ‘Does innovation cause stock market run-ups? Evidence from the great crash’. American 

Economic Review, 98, 1370–96.
O’Brien, J. and Folta, T. (2009). ‘Sunk costs, uncertainty and market exit: A real options perspective’. Industrial 

and Corporate Change, 18, 807–33.
Oriani, R. and Sobrero, M. (2008). ‘Uncertainty and the market valuation of  R&D within a real options 

logic’. Strategic Management Journal, 29, 343–61.
Pakes, A. (1986). ‘Patents as options: Some estimates of  the value of  holding European patent stocks’. 

Econometrica, 54, 755–84.
Pastor, L. and Veronesi, P. (2005). ‘Technological revolutions and stock prices’. American Economic Review, 99, 

1451–83.
Penrose, E. T. (1959). The Theory of  the Growth of  the Firm. Oxford, UK: Wiley Press.
Penrose, E. T. (1960). ‘The growth of  the firm – a case study: The Hercules Powder Company’. Business 

History Review, 34, 1–23.
Peteraf, M. A. (1993). ‘The cornerstones of  competitive advantage: A resource-based view’. Strategic 

Management Journal, 14, 179–91.
Posen, H. E., Leiblein, M. J. and Chen, J. S. (2018). ‘Towards a behavioral theory of  real options: Noisy 

signals, bias, and learning’. Strategic Management Journal, 39, 1112–38.
Rumelt, R. P. (1974). Strategy, Structure, and Economic Performance. Harvard University Press.
Sakhartov, A. V. (2017). ‘Stock market undervaluation of  resource redeployability’. Strategic Management 

Journal, 39, 1059–82.

 14676486, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jom

s.12795 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1722	 M. D. Amore and M. Mastrogiorgio	

© 2022 The Authors. Journal of  Management Studies published by Society for the Advancement of  Management 
Studies and John Wiley&Sons Ltd.

Sakhartov, A. V. and Folta, T. B. (2014). ‘Resource relatedness, redeployability, and firm value’. Strategic 
Management Journal, 35, 1781–97.

Sakhartov, A. V. and Folta, T. B. (2015). ‘Getting beyond relatedness as a driver of  corporate value’. Strategic 
Management Journal, 36, 1939–59.

Samuelson, P. A. (1965). ‘Proof  that properly anticipated prices fluctuate randomly’. Industrial Management 
Review, 6, 41–49.

Santaló, J. and Becerra, M. (2008). ‘Competition from specialized firms and the diversification-performance 
linkage’. Journal of  Finance, 63, 851–83.

Schwartz, E. (2004). ‘Patents and R&D as real options’. Economic Notes, 33, 23–54.
Shiller, R. J. (2000). Irrational Exuberance. Princeton, NJ: Princeton University Press.
Trigeorgis, L. and Reuer, J. J. (2017). ‘Real options theory in strategic management’. Strategic Management 

Journal, 38, 42–63.
Uotila, J., Maula, M., Keil, T. and Zahra, S. A. (2009). ‘Exploration, exploitation, and financial perfor-

mance: Analysis of  S&P 500 corporations’. Strategic Management Journal, 30, 221–31.
USPTO. (2012). Handbook of  Classification.
Villalonga, B. (2004). ‘Does diversification cause the “diversification discount”?’. Financial Management, 59, 

5–27.
Williamson, O. (1988). ‘Corporate finance and corporate governance’. The Journal of  Finance, 43, 567–92.
Wu, B. (2013). ‘Opportunity costs, industry dynamics, and corporate diversification: Evidence from the car-

diovascular medical device industry’. Strategic Management Journal, 34, 1265–87.
Yaqub, O. (2018). ‘Serendipity: Towards a taxonomy and a theory’. Research Policy, 47, 169–79.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of  this article at the publisher’s web 
site:

 14676486, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jom

s.12795 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [04/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Technological Entry, Redeployability, and Firm Value
	Abstract
	INTRODUCTION
	CURRENT LITERATURE
	Resource Redeployment
	The Option-­Based Approach
	Unpacking the Technological Antecedents

	A FORMAL FRAMEWORK
	EMPIRICAL SETTING
	Data Sources
	Dependent Variables
	Explanatory Variables
	Technological entry. 
	Volatilities. 
	Redeployment costs. 
	Control variables. 

	Regression Models

	FINDINGS
	DISCUSSION
	Limitations and Future Research Directions

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


