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Abstract. Today, innovation is perceived as a source of competitive advantage for firms,
playing a vital role in both the survival and growth of firms. A general look at the existing
literature on innovation points toward a lack of studies that explore the risk and reward topic in
the conformation of innovation portfolios in a firm. Hence, the main purpose of the present
paper is to analyse the relationship between investment in innovation and the gain of the
process and how this relationship is affected by the type of industry in which the firm operates
and by the intervention of the authorities (legal protection of innovation). Among others, results
indicate that, contrary to what could be expected, firms would tend to invest in disruptive
innovation projects in hard innovative industries, wherein the potential, disruptive innovation is
much harder to generate given the natural protection against potential competition that
characterizes these industries. On the other hand, investment in disruptive innovation in soft
innovative industries would require a framework of legal protection in accordance with the level
of natural innovativeness of the industry. In terms of practical implications, the management of
the legal protection would be socially desirable for achieving a balanced innovation development
framework in the economy, as well as for resource allocations in disruptive innovation in
industries where, although it is easier to be successful, its usufruct is difficult.
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1. Introduction

Adopted as a response to the continuous changes that the business environment is experiencing,
innovation has become one of the main priorities of most companies. Drucker [9] argued that in
“a period of rapid change the best — perhaps the only — way a business can hope to prosper, if
not survive, is to innovate. This is the only way to convert change into opportunities. This,
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however, requires that innovation itself be organized as a systematic activity”. In other words,
developing innovation improves the ability of companies to deal with the dramatic changes
experienced in the competitive environment [19]. As such, in the field of strategic management,
innovation is perceived as a source of competitive advantage for a firm, playing an important
role in the survival and growth of firms. But while research has been devoted to analyzing the
firm-level strategies employed for sustaining existing competitive advantage, little effort has
been placed on understanding how certain firms build competitive advantage in regimes of rapid
change [26].

In time, innovation has been defined in many ways, at different levels of analysis (i.e.,
individuals, organizations, countries). For example, Kimberly [16] distinguished between
adoption and diffusion of innovations and Van de Ven and Rogers [28] differentiated between
innovation and innovativeness. Innovation refers to the adoption (initiation, development, and
implementation) of a new idea or behavior — be it a system, policy, program, device, process,
product, or service — by an organization [7]; it can, hence, concern all parts of an organization
and its operation. In a more recent study, Baregheh, Rowley, and Sambrook [4] defined
innovation as “the multistage process whereby organizations transform ideas into new/improved
products/services or processes, in order to advance, compete, and differentiate themselves
successfully in their marketplace” (p. 1334). What is to be noted is that embedded in the
multiple definitions that exist is the idea that innovation — characterized by an emphasis on
change and newness — can be managed.

Research on innovation has generally focused on the nature or degree of innovation and
the type of innovation, respectively [5]. On the one hand, the nature or degree of innovation
concerns the degree of novelty of an innovation. In this regard, innovation has been generally
defined on a dichotomous scale: incremental versus radical innovation [1], continuous versus
discontinuous technological changes [24], incremental versus breakthrough innovations [27],
conservative versus radical innovations — or competence-destroying or competence-enhancing [2],
and sustaining versus disruptive innovations [6]. In this context, a radical innovation assumes a
fundamental change, such as a new product or service, whereas an incremental innovation refers
to an improvement brought to an existent product or service. This dichotomy was further
elegantly elaborated upon by Day [8], who differentiated between the existence of “small
projects” and “big projects”:

small projects, which I call “little ©” innovations, are necessary for continuous
improvement, but they don’t give companies a competitive edge or contribute much to the
profitability. It’s the risky “Big I” projects —new to the company or new to the world- that
generate the profits needed to close the gap between revenue forecasts and growth goals.
(According to one study, only 14% of new product launches were substantial innovations, but
they accounted for 61% of all profit from innovations among the companies examined.)

On the other hand, the type of innovation concerns the outcome of the innovation
process. Abernathy and Utterback [3], for example, differentiated between product or process
innovation, while Francis and Bessant [11] proposed four types of innovation: position, product,
process, and paradigm innovation. In a more recent study, Oke, Burke, and Myers [23] advanced
three types of innovation: product, service, and process. Product innovation refers to new
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product offerings or improvements in existing products; service innovation encompasses the new
developments in the activities that are performed to deliver the core product; and process
innovation refers to creating or improving the methods of production, service, or administrative
operations (also see [14]).

The existing literature further defines the existence of both red and blue oceans [15]. In
brief, the idea behind the red ocean strategy is that the company competes in an existing and
well-established marketplace, and exploits the existing demand, while a company employing the
blue ocean strategy captures new demand and creates an uncontested market space. The authors
proposed that instead of focusing on benchmarking current competitors and defeating them,
firms should aim for value innovation by redefining their offerings to provide unique attributes
and experiences to a set of unserved customers.

A great number of research studies have been dedicated to studying the factors that
influence innovative performance [13]. Many researchers argued that organizational size
facilitates innovation [10, 17]. Nord and Tucker [22], for example, advanced that large
organizations have more complex and diverse facilities (financial resources, marketing skills,
research capabilities, product development experience, among others) to develop a higher
number of innovations.

More resources can also help organizations to cope better with the consequences of
failed innovations that they may experience. Teece, Pisano, and Shuen [26] emphasized the need
to combine different resources, thus giving birth to the dynamic capabilities’ approach, which
broadly defined, characterizes the ability to achieve new forms of competitive advantage.

Other researchers, however, argued that organizational size does not necessarily
translate into higher innovativeness [12], and that small organizations may actually be more
innovative because they count with greater flexibility and a higher ability to accept and
implement change. Nevertheless, as Damanpour [7] observed, the main reason for finding a
negative association between organizational size and innovation could be more methodological
than theoretical.

It is also generally believed that R&D expenditure represents a measure of the capacity
of a firm to innovate [21]. Nevertheless, not all firms are or can be R&D intensive, but this does
not stop them from being innovative based on marketing innovation strategies that focus on
competitiveness, marketing, or distribution channels [13]. It is well known that following a
resource-based strategy is not enough to support sustainable innovation — firms have to be able
to also demonstrate timely responsiveness and rapid and flexible product and service innovation,
among others.

An interesting result was obtained by Schmidt and Rammer [25] who showed that the
combination of technological and non-technological innovation has a positive impact on a firm’s
return on sales. Lokshin, van Gils, and Bauer [20] analyzed the impact of organizational skills
and showed that innovation might be triggered on a higher scale by the combination of
customer, technological, and organizational skills.

The above discussion is not and does not aim to be exhaustive, but it can help to
pinpoint that several areas of research have been developed in time to understand the
complexity posed by the innovation phenomenon. What appears to be generally lacking from the
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innovation literature, however, are studies that explore the risk and reward topic in the
conformation of innovation portfolios in a firm. For scholars, the study can be of help in
developing a better understanding of the role played by innovation in creating a competitive
advantage, while for managers and practitioners, the study can be of help by means of providing
insightful thoughts into how innovation could be managed in an increasingly dynamic
competitive landscape, wherein multiple angles and facets of both the innovation process and the
business environment must be considered. Hence, the objective of this theoretically-oriented
paper is to analyze the risk and reward topic in the conformation of innovation portfolios of the
firm, taking into account the type of industry and the legal protection of innovation.

The remainder of the paper is organized as follows: the next section describes the
setting underpinning the existence of an innovation portfolio in a firm, along with the associated
assumptions. Next, the Markovian process and the Markovian model are introduced.
Subsequently, the analysis section explores the relationship between investment in innovation
and the gain of the process and how this relationship is affected by the type of industry
and by the intervention of the authorities. The analysis is further enhanced with a discussion of
results and relevant comparisons. The last section concludes the paper.

2. The Markovian process and modelling
2.1. The setting

We will consider the definition of an innovation portfolio in a firm. The portfolio is defined by
the share of the budget for innovation investment between small projects (SPs) and a big project
(BP). The SPs are small variations of products, processes, methods, markets, etc. The BP is a
disruptive innovation a la Christensen [6] and it represents a major departure from traditional
products, markets, technology, and so on. The investment in SPs is secure and their rewards
occur in the same period when the investment takes place. The investment in a BP is risky and
its reward occurs in future periods. The net reward of the SPs is relatively small with respect to
the BP and will not be considered. The BP generates investment in its incubation period, and if
successful, it will generate important rewards in the following periods.

It is assumed that innovation depends on the industry to which the firm belongs [18].
Thus, the probability B of having a successful BP depends on the industry to which the firm
belongs; B characterizes the industry and it represents an intrinsic index for the industries,
reflecting the natural potentiality to generate disruptive innovation. It is positive and lower than
1. A high B corresponds to an industry where innovation is relatively simple to generate, i.e., a
Soft-Innovative industry (SI), and a low g corresponds to an industry where disruptive
innovation is rare and difficult to generate, i.c., a Hard-Innovative industry (HI). In the SI, the
potential generation of a successful BP is highly likely, and if generated, it is easy to imitate;
therefore, in this type of industries, the BP rewards are smaller and not easy to maintain. On
the contrary, in the HI, the potential generation of a successful BP is not very likely and
difficult to imitate, the rewards are much bigger and easier to maintain. Disruptive Innovation is
socially important, regardless of the type of industry to which it belongs. The type of industry is
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assumed to be defined by this probability B; thus, it is a continuum characterization of
industries in accordance to innovativeness. The probability g measures the level of potential
natural innovativeness of the industry. It is assumed that the probability of a successful BP, in a
given period, depends only on the industry the firm belongs to, in particular, it does not depend
on the amount invested in the project.

Whenever the firm enjoys a successful project, it just exploits that project and does not
invest in innovation. How long the firm enjoys a successful project will also depend on the
industry to which it belongs. The SI industries, characterized by a high g, have a high
probability of both generating and losing the innovation edge by the firm; inversely, the HI
industries, characterized by a low B, have a low probability of both generating and losing the
innovation edge by the firm. The probability of losing the innovative edge will also depend on
the legal protection of innovation — the higher the protection, the longer the firm will enjoy the
success of its BP.

2.2. Modelling

Time is defined by discrete periods. In each period, the firm could be in one of two possible

states, namely Si and S, see Figure 1. In state Sl, the firm defines its innovation portfolio,

deciding the share o to be invested in the BP, and (1— a ) to be invested in the SPs, with 0 <

a< 1.

le

Figure 1: The Markovian process.

In state Sl, the firm will exploit the net reward of its investment in the SPs in that

period, which is considered nil. If the BP is unsuccessful, the firm remains in S in the following
period, with a net reward of —« in the current period, thus r; = —a, where 7; denotes the reward
for the firm if it makes a transition from S; to S;.

If the BP is successful, the firm makes a transition to S in the following period. In S,
the firm exploits the rewards of a successful BP, without making any innovation investment,
and r» = A(1-B)In(1+«a), where A4 > 0 is a scale coefficient.

Note that, ar»/ap = —Aln(1+a) < 0. The BP reward is decreasing with g. The higher
the level of innovativeness, the smaller the rewards for the successful BP. The achievement of a
successful project generates a relatively small reward in a SI and a high reward in the case of a
HI.
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On the other hand, drn/da = A(1-8)(1/(1+a)) = 0 and &8*m/dc? = -A(l-
B)(1/(14+a)?) < 0. The BP reward is increasing with investment at a decreasing rate. Also, 7 =
0 for o = 0, no investment means no reward.

Let R be the reward matrix, thus:

R = [Tll le] _ [~ 0 ] (1)
T1 Ta 0 AQ1-p)In(1+a)

The transition probabilities are defined as follows:

e The transition from S to S occurs when the BP is a success; it is assumed that this
probability only depends on the type of industry: pi2 = B.

e  The transition from S; to Si is equivalent of an unsuccessful BP: pi, = 1-8.

e The transition from S, to S is equivalent to losing the innovative edge due to
displacement by another innovation in the industry, or imitation: p»y = g(1-5), with 0 < & <
1, where & represents the level of legal protection given to a successful BP. The maximum is
given by & = 1 and no protection is given by & = 0. Thus, for & = 0, p» = B is symmetrical to
pi2 and represents a natural probability of transition for that industry. For & = 1, representing
total protection, the firm will remain in S forever.

Clearly, 9p21/06 = — < 0; pu is decreasing with the level of protection at a constant
rate. Also, dpn/aB = 1-6 2 0; the transition probability increases with the level of
innovativeness in the industry.

e  The transition from S to itself is equivalent to maintaining the innovative edge: p» = 1
- B(1-9).

Thus, the transition probability matrix is:

_ P11 P12] _ 1-p
P21 P22

- f o) )
p(A—-6) 1-p(1-15)

Note that assumptions are such that the transition probabilities do not depend neither
on the levels of investment nor on the parameter of scale A; they only depend on the type of
industry and on the legal protection.

Thus, the Markovian model is defined by Figure 1 and by the Reward (1) and
Transition (2) matrices R and T, respectively with 0 < o< 1,0 < < 1,0<86< 1, A20.

Note that B excludes the extreme values of 0 and 1, also & excludes the value of 1.
These extreme values correspond to degenerative cases. The value of 8 = 0 corresponds to a
system that will remain forever in its starting state, either Si or S.. The joint values of g = 1
and & = 0 correspond to an oscillating process alternating continuously between S; and S.. The
value of 5 = 1 corresponds to a system that eventually will always remain in Ss.

The asymptotical behavior of this Markovian model is defined by the components of the
left unitary eigenvector of T associated to the largest eigenvalue. Thus,

m = (1-p2)/(1-patpy2), (3)
m = p12/(1*p22+p12), (4)
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where m and m are the limiting state probabilities for states Si and S, respectively. Given that
the process is completely ergodic, after a great number of transitions, the system will be in S
with probability m and in S with probability m, regardless of the starting state. Replacing the
respective probabilities, we obtain m = (1-8)/(2-6) and m = 1/(2-5).

Thus, m and m do not depend on B, they only depend on &, the legal protection; this is
a consequence of the fact that transition probabilities between both states, pi2 and pu, only differ
in the factor (1-6) and in the symmetry of these transition probabilities in S.

For § = 0, m = m = 0.5, which is explained for the symmetry in the probability
assignments between S1 and Sy pi2 = por = B and pu = pr = 1-6.

In addition:

o dm/ds =-1/(2-8)? < 0 and &*m/d&* = -2/(2-5)* < 0.
m decreases with & at a decreasing rate (in sign, not in magnitude).
o dm/ds =1/(2-8)*> 0 and ’m/d&* = 2/(2-5)* > 0.

m increases with & at an increasing rate.

Figure 2 depicts the behavior of the limiting state probability. Without legal protection,
the limiting state probability of 0.5 indicates that, after long enough transitions, the system will
be in S or S: with equal probabilities. Another interpretation is that, for & = 0, in the long run,
the system will be either in S or S, with equal chances. Observe that these probabilities do not
depend on the level of investment o in BP, even if o = 0, in the long run, the number of periods
the system will be in S is equal to the number of periods it will remain in S; though in this last

state the reward of having a successful BP will be null, for 7 = 0, i.e., no investment was made.

1 . ‘ ‘ ‘ . : : : : As the legal protection increases, Figure 2

0gf ] l shows that the limiting state probability of

being in S decreases and, correspondingly,
the limiting state probability of S» increases;
this behavior is explained by the higher
protection of a successful BP. At the
extreme of total protection, firms would
eventually be in Se, enjoying the rewards of a
successful BP — there would be no new

investment and no innovation; hence, this

case will not be considered.

Figure 2: Asymptotic behavior (limiting state probabilities).
On the other hand, the expected transition reward is given by ¢* = [q, ¢, with:

¢ = puru+pien, = —(1—,8)01, (5)
@ = puratpern = (1-8(1-8))A(1-8)In(1+ ), (6)
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where ¢ represents the expected reward of the next transition, if the firm is currently in Si,
similar for g.
We are interested in the gain of the system g = n'¢ = mq+me, where n’ = [m, m|;

hence,

9= 1(1-6)/(2-8)|[-(1-8)c] + [1/(2-8)][1- B(1-8)][A(1-p)In(1+a)], (7)
which is the expected reward per transition for the firm under asymptotic behavior.
3. Scenario-based analytics

Our main interest is in analyzing the relationship between investment in innovation, represented
by the share o of resources allocated to the BP, and the gain g of the process; and how this
relationship is affected by the industry in which the firm operates, represented by B, and by the
intervention of the authorities, represented by &.

The situation can be seen as firms trying to maximize the gain g by manipulating the
innovation portfolio structure o; and authorities trying to influence that decision by
manipulating & to maximize the innovation investment ¢, in accordance with the industry g.

The analysis of the Markovian process will be made first for the case of no protection (&
= 0) and thereafter protection will be considered (0 < & < 1). Then, both sets of results will be
compared. Finally, the results and related comparisons will be shown for different values of A.

Though the case of no protection can be treated analytically (& = 0), the general case
of free & becomes analytically too cumbersome; therefore, we will handle both cases and its
comparison through numerical simulation. For this purpose, we will consider:

e Scale factor A : Positive values, A > 0. Specifically, 1, 2, 3, and 5;
e Industry type B8 : Values from 0.1 to 0.9, with increments of 0.1;

e Investment in BP «: Values from 0.0 to 1.0, with increments of 0.1;
e Levels of incentives & : Values from 0.0 to 0.9, with increments of 0.1.

3.1. Case of no protection: § = 0

For A = 2 and & = 0, and different combinations of g and &, numerical calculations for gain ¢
=g(A =2, 6 =0, 8, a) were found'. For each value of g, the o"=a'(g) that maximizes the
gain was selected: o'(B) is such that ¢" = ¢'(B, a'(B8)) 2 g(B, «) for a given B and any o.
Specifically, for each B from 0.1 to 0.9%, with increments of 0.1, and values of o ranging
from 0 to 1 with increments of 0.1, the gain g = g(B, a) was calculated. For each B, the o that

maximizes ¢(8, o) was selected:

' For simplicity, given that A and & will remain fixed in this section, we represent g as depending only on g
and a.
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(B, @) > 9(B, @) > o'(B)/g"(B, &' (B)) 2 9(B, ). (8)

For each B, ot = o"(B), ¢" = ¢"(B, & (B)), m* = m™(B, a"(B)), and m"= m"(B, a'(B))"
were found. Table 1 and Figure 3, as an example, show the results for the specific case of A = 2,
d=0and g =04, for o = 0.0, 0.1, 0.2, ..., 0.9, 1.0.

0 0.1 ot =0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0] 0004 | g"=0.006| 0.005 | 0.001 | -0.004 | -0.011 | -0.019 | -0.028 | -0.039 | -0.051
m | 0.5 0.5 | m"=0.500 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
m | 0.5 0.5 m'= 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Table 1: System behavior (4 = 2,6 = 0, 8 = 0.4).

0.010 1 1.0
0.005 —_— 19 09 —_—
nl —_—a+
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@ B

Figure 3: Gain behavior & limiting state Figure 4: Optimal investment, limiting state

probabilities (4 = 2,6 = 0, 8 = 0.4). probabilities, & gain (4 = 2,6 = 0).

From Table 1 and the depiction of gain behavior in Figure 3, it can be seen that the
gain increases for low values of the BP investment reach a maximum and thereafter start
decreasing. This behavior is generated by two opposing forces, the first one corresponding to an
investment cost for the firm of —o per period every time the project is not successful; and the
second one corresponding to an increasing reward with the size of the investment «, per period,
if the project is successful and remains as such. The net balance of these forces generates the
behavior shown by the gain behavior in Figure 3, which corresponds to a particular industry
represented by B = 0.4. For this industry, the optimal level of innovation investment is achieved

2 The cases of g = 0 and g = 1 are degenerative cases. For 8 = 0, we have two disconnected states, Si and
S, without interaction between them, thus, the system will remain in the starting state. For g = 1, there is
an oscillating system, alternating between S; and S in every period, but these cases will not be considered.

3 Actually, as we have seen, m" = m'(8, o'(8)) and m" = m'(B, o' (B)) only depend on &, and in this
particular case of 5 = 0, both are equal to 0.5.
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at o = 0.2'. Neither lower nor higher level of investment is convenient for the firm after a long
number of transitions.

On the other hand, the limiting state probabilities in Figure 3 show that after long
enough number of transitions, the probabilities of being in any one of the states, unsuccessful or
successful BP, are equal; this is a consequence of the symmetrical probabilities involved in the
state transitions. This behavior does not depend on the level of investment in innovation, only
on the level of protection but, given that authorities do not intervene (& = 0), both probabilities
are equal. Thus, even under the policy of no investment, o = 0, the firm will be in both states
with equal probabilities, after long enough transitions. In the case of o = 0, being in the
successful state of S: does not generate a reward for the firm, it trivially avoids the cost of —a of
state Si, for a = 0.

The above results correspond to an industry characterized by a type B = 0.4 of
innovativeness. Table 2 and Figure 4 show for different types of industries, the optimal levels of
innovation investment and its consequences in terms of gain and limiting state probabilities. The
results shown depend on the assumption of a scale factor of A = 2.

B 0.1 0.2 0.3 04105]06]07]08]0.9
of 0.8 0.6 0.4 02]0.0]0.0]00]00]0.0
gt | 0.1161 | 0.0608 | 0.0249 | 0.0056 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
m* 0.5 0.5 0.5 05]105]05]05]05]0.5
mt 0.5 0.5 0.5 05]105]05]05]05]0.5

Table 2: Optimal system behavior (4 = 2,6 = 0).

Observe that o' is decreasing with B: as the industry’s level of innovativeness increases,
the optimal level of investment in the BP decreases. The reason behind is that for a low level of
innovativeness of the industry, HI industries, it pays to allocate a high amount of resources for
the BP, as potential rewards compensate the low probability of a successful BP. This
compensation is explained by the bigger rewards, m», and the low probability of losing the
innovative edge in this type of industry, shown by the transition probability p» = B — hence, the
firm remains enjoying the rewards of a successful BP for longer periods. The opposite occurs
with high levels of B, in this type of industry, SI industries, though the probability of obtaining
a successful BP is higher, the rewards to be obtained do not compensate the investment of —« in
state S, due to both the lower reward m and the high probability of losing the innovative edge.

9

Hence, under a situation of “no authorities” intervention (& = 0), the investment in innovation
will be concentrated in the industry’s low level of innovativeness, the HI industries.

On the other hand, as explained before, no matter the type of industry, firms will
remain in each state similar number of periods, after a long number of transitions.

Finally, note the decreasing behavior of the gain; the higher the level of innovativeness

of the industry, the lower the optimal gain to be obtained by the firm, given that the optimal

1 For the particular values considered in the numerical simulation.
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level of investment is also decreasing; all of this is a consequence of the fact that for SI
industries, the potential competition becomes higher, with decreasing rewards and an increasing
probability of losing the competitive edge. This last increasing probability reduces the period of
enjoyment of the rewards of a BP success. This potential competition is due to the easiness of
imitating the successful BP, within a system with no protection to innovativeness.

3.2. The case of protection: 0 < & < 1

Let us consider that the authorities are trying to incentivize innovation by fixing & in
accordance with the industry. For this purpose, consider that the authorities value as a “reward”
for the society the equivalent of the firm’s investment, o, each time the firm gets a successful
BP, and makes a transition from Si to S:. On the other hand, the authorities consider a loss for
the society the null innovation investment that takes place every period the firm remains in S;
with a successful BP. But, likewise, authorities only consider the loss in terms of a potentially
successful BP that could have been obtained if investment had been made. Thus, each time the
firm remains in S, a negative reward of o is considered; o representing the investment not
made and B representing the probability of a successful BP. Therefore, we have the same
Markovian process for the authorities, but with a reward matrix:

v=lo =10 gl )

The firm has the same reward matrix as before:

_ [ T2] _
k= [r21 rzz] B [ 0 A(l-An(+ a)]' (10)
The transition probability matrix is the same, for both the authorities and the firm:
P11 P12] _ B ]
"= lpa pzz] ﬁ(1—5) 1-B1 -8l (11)

This transition probability matrix implies the following limiting state probabilities m =
(1-6)/(2-6) and m = 1/(2-9).

Assuming as before A = 2, let us consider the situation from the point of view of the
authorities, assuming that the firm follows its optimal strategy o = o = o™(5, B8). The problem
of the authorities is to fix 5 to maximize its gain. Let us find the gain for the authorities:

The expected transition reward is given by A" = [hi, ho], with:

(s, B, &) = puon+prve = Ba, (12)
ho(8, B, &) = puvatpuvn = [1-(1-5)|[-af, (13)
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where h; represents the next expected transition reward for the authorities if the firm was in
state S;

The gain for the authorities, the asymptotic expected reward per period, becomes:
w(8, B, o) = 1'(5)A(5, B, o) = [Ba/(2-5)][B(1-6)-8]. (14)

A numerical simulation for A = 2 was performed, for the values specified above, as
follows:

e For each 8
o For each &
= For ecach o
e Calculate ¢(5, B, ), w(5, B, ), m(5), m(5)
»  Select a = (8, B) such that g(s, B, a*(&, B)) = ¢(&, B, a) for any o

= Consider the values of
e 9=y B (5 B)), w=w (s B, a'(5 B)), m(5), m(5)
o Select 6 = 5(B) such that:
w(5'(B), B, a'(6°(B), B)) 2 w'(5, B, a'(6, B)) for any &
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Figure 5: Optimal protection, investment, & Figure 6: The optimal gains and gains ratio
limiting state probabilities (A = 2). of the firm and the authorities, & the

optimal protection — no protection gains
ratio (A = 2).
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Table Al in the Appendix (see the case of A = 2) and Figures 5 and 6 show the results
obtained from the numerical simulations. The following general behavior can be appreciated:

e Hard innovative industries

Hard Innovative industries, industries with a B of up to 0.3, do not require any
protection (Column (2)), the natural protection is enough to foster investment in Disruptive
Innovation, generating benefits for both firms and society (Columns (4) and (5)). In these
industries, the investment in disruptive innovation is decreasing with the level of innovativeness
of the industry, it decreases from 0.8 to 0.4 (Column (3)). Note that the gain is increasing for
authorities and decreasing for firms, with the level of innovativeness 8 (Columns (4) and (5));
thus, for these industries, there is no conflict between the interests of the authorities and the
firms, though the difference in gains shortens with the level of innovativeness. For all these
industries, the authorities’ gains are smaller than the firms’ gains, though the ratio is increasing
(Column (8)) and, obviously, the gains for the firm with and without protection are equal
(Column (9)). Given that there is no protection, with & = 0, the symmetry of the transition

probability matrix implies an equal limiting state probability of 0.5 (Columns (6) and (7)).

e Intermediate innovative industries

For these industries, with g ranging from 0.4 to 0.6, the firms’ gain without protection
has decreased at a level such that protection is needed for investment in disruptive innovation
(Column (5)). This protection starts at the low level of 0.1, but increases up to 0.3 with g
(Column (2)). The decreasing behavior of investment in BPs reverses its tendency for an
increasing behavior (Column (3)); this increasing behavior could be affected by the discretization
of the problematic, and it could be stabilized at the level of investment of 0.5. Hence, through
protection, the level of investment in innovation is maintained, counteracting the loss of natural
attractiveness of the firms in BPs in the case of the reduction of natural protection from
imitation, due to the increase in B. The authorities’ gains still show an increasing behavior, but
with a tendency to stabilization (Column (4)), and the firms’ gains stop decreasing, showing a
somewhat stable level (Column (5)) — the gain ratio stabilizes around one, showing similar gains
for both parties. The firms’ gains with protection experiment a high increase compared to the
gains without protection (Column (9)). The limiting state probability decreases for the failure
state, stabilizing at 0.41, while the corresponding probability for the successful state increases,
stabilizing at 0.59.

e Soft innovative industries

These industries correspond to a g ranging from 0.7 to 0.9, which shows a stabilization
of the level of protection between 0.3 and 0.4 (Column (2)) and the investment in disruptive
innovation stabilizes between 0.4 and 0.5 (Column (3)). The authorities’ gains increase when
compared to the Intermediate Industries, but stabilize at a level around 0.4 (Column (4)), while
the firms’ gains continue to decrease, showing an exhaustion of the capacity of protection to
counteract the lack of natural protection in these industries from imitation. This exhaustion is
explained by the cost for the authorities that is generated by the firms remaining in the state S,
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which is reflected by the limiting state probabilities (Columns (6) and (7)), wherein m decreases
up to 0.38 and m increases up to 0.62. In these industries, the gains for the authorities are much
bigger than those for the firms and are also increasing (Column (8)). The relation between the
gains for firms with and without protection is undefined, for incommensurability (Column (9)).

3.3. Scale factor A

Table Al in the Appendix and Figures 7, 8, 9, and 10 show the problematic that arises for
different scale factors; specifically, for A = 1, A = 2 (already discussed previously), A = 3, and
A = 5. The scale factor affects the magnitude of the reward for having a successful BP for the
firm; the higher the scale factor, the bigger the reward. General conclusions are that with the
increment of the scale factor, the number of industries requiring protection reduces, as does the
level of protection; the level of investment in disruptive innovation increases; the ratio of
optimal gain for the government in relation to the optimal gain for the firm reduces; the same
can be observed with regards to the relation between the optimal firm gain with protection and
the optimal firm gain with no protection. Furthermore, note that for A = 1, no protection is
required and no investment in disruptive innovation takes place, as a consequence of the low

level of reward for having a successful project.

Figure 7: The optimal level of protection for Figure 8: The optimal level of investment
different scale factors. for different scale factors.
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glg+

Figure 9: The optimal gains ratio of the Figure 10: The optimal gains ratio of the
firm and the authorities for different scale firm for the protection and no protection
factors. cases, for different scale factors.

4. Conclusion

The purpose of the present paper was to analyse the relationship between investment in
innovation and the gain of the process and how this relationship is affected by the type of
industry in which the firm operates and by the intervention of the authorities (legal protection
of innovation).

The results indicate that, somehow contrary to what could be expected, firms would
tend to invest in disruptive innovation projects in Hard Innovative industries instead of Soft
Innovative industries; in other words, in industries where the potential, disruptive innovation is
much harder to generate given the natural protection against potential competition and
imitation of successful BPs. The investment in Soft Innovative industries, where the disruptive
innovation is potentially easier to achieve, would be somewhat neglected, only SP investments
would be taken up in those industries.

Furthermore, investment in disruptive innovation in Soft Innovative industries would
require a framework of legal protection in accordance with the level of natural innovativeness of
the industry. This protection could be socially desirable for a balanced development of
innovation in the economy, as well as for resource allocations in disruptive innovation in
industries where it is easier to be successful. A balanced innovation development framework in
the economy could also benefit Hard Innovative industries.

The introduction of legal protection to counterbalance the lack of investment in
disruptive innovation, due to the short-term life of a successful BP in Hard Innovative
industries, would foster this investment up to some limit. This limit, which defines a saturation
effect for the protection policy, is generated by the parallel opposing effects of inhibiting
investment in innovation by firms that are enjoying a successful BP. Thus, the authorities would
have to balance the opposing forces of the incentives to invest in successful BPs and the
disincentives for investment while enjoying successful BPs.
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The scale factor affects the magnitude of the reward for having a successful BP for the
firm; the higher the scale factor, the bigger the reward. General conclusions are that with the
increment of the scale factor, the number of industries requiring protection reduces; the level of
investment in disruptive innovation increases; the ratio of optimal gains for the government in
relation to the optimal gains for the firm reduces, and the same can be observed with regards to
the relation between the optimal gains of the firm with protection and the optimal gains of the
firm with no protection. Furthermore, for A = 1, no protection is required and no investment in
disruptive innovation takes place, as a consequence of the low level of reward for having a
successful project.

In terms of implications, the present study can be of help in developing a better
understanding of the role played by innovation in creating a competitive advantage for a firm.
Additionally, the study can be of help to managers and practitioners by means of providing
insightful thoughts into how innovation could be managed in an increasingly dynamic
competitive landscape, wherein multiple aspects of both the innovation process and the business
environment must be considered.
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Appendix

The following table A1 shows the results of the numerical simulations for the cases of A = 1, 4
=2, A=3and A = 5.

o1 O @] 6 (4) (5) (6) (7) (8) (9)
A p 6* a* W* g* Hl* HZ* W* /g* g* /g+
1 0.1- 0.0 0.0 0.0000 0.0000 0.5000 0.5000 nd nd

0.9

2 0.1 0.0 0.8 0.0040 0.1161 0.5000 | 0.5000 0.0345 1.0000

0.2 0.0 0.6 0.0120 0.0608 0.5000 0.5000 0.1974 1.0000

0.3 0.0 0.4 0.0180 0.0249 0.5000 0.5000 0.7237 1.0000

0.4 0.1 0.4 0.0219 0.0223 0.4737 0.5263 0.9809 3.9600

0.5 0.2 0.5 0.0278 0.0240 0.4444 | 0.5556 1.1553 nd
0.6 0.3 0.7% 0.0296 0.0295 0.4118 | 0.5882 1.0038 nd
0.7 0.3 0.5 0.0391 0.0112 0.4118 | 0.5882 3.4867 nd
0.8 0.3 0.3% 0.0367% | 0.0025% | 0.4118 | 0.5882 | 14.94217 nd
0.9 0.4 0.5 0.0394 0.0046 0.3750 | 0.6250 8.6268 nd

3 0.1 0.0 1.0 0.0050 0.3922 0.5000 | 0.5000 0.0127 1.0000

0.2 0.0 1.0 0.0200 0.2654 0.5000 0.5000 0.0754 1.0000

0.3 0.0 1.0 0.0450 0.1595 0.5000 0.5000 0.2822 1.0000

0.4 0.0 0.8 0.0640 0.0774 0.5000 0.5000 0.8268 1.0000

0.5 0.1 0.8 0.0737 0.0657 0.4737 | 0.5263 1.1207 2.4307

0.6 0.2 1.0 0.0933 0.0625 0.4444 | 0.5556 1.4930 16.6384

0.7 0.2 0.7 0.0980 0.0234 0.4444 | 0.5556 4.1872 nd
0.8 0.3 0.9 0.1101 0.0256 0.4118 0.5882 4.3085 nd
0.9 0.3 0.6 0.1048 0.0060 0.4118 0.5882 17.5214 nd

0.1 0.0 1.0 0.0050 0.9536 0.5000 | 0.5000 0.0052 1.0000

ot

0.2 0.0 1.0 0.0200 0.7090 0.5000 0.5000 0.0282 1.0000

0.3 0.0 1.0 0.0450 0.4991 0.5000 0.5000 0.0902 1.0000

0.4 0.0 1.0 0.0800 0.3238 0.5000 0.5000 0.2470 1.0000

0.5 0.0 1.0 0.1250 0.1832 0.5000 | 0.5000 0.6823 1.0000

0.6 0.0 1.0 0.1800 0.0773 0.5000 | 0.5000 2.3298 1.0000

0.7 0.1 1.0 0.1953 0.0604 0.4737 0.5263 3.2346 3.7195

0.8 0.2 1.0 0.1956 0.0497 0.4444 0.5556 3.9315 nd

0.9 0.2 0.8 0.2080 0.0102 0.4444 | 0.5556 20.4701 nd

Note. # = Discretization effects, the behavior of the variable shows a relative anomaly fluctuation, but not in
terms of tendency. Nd = Not defined, division by zero, corresponding to unlimited magnitude.

Table Al: Optimal system behavior under legal protection.



