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To reveal the mechanisms of firms’ technological strategic choices between innovation and imitation, an evolutionary game model
is proposed from the perspective of the behavioral biases. First, behavioral biases such as reference point dependence, loss
aversion, and probability weighting can be defined and modeled based on the prospect theory. Second, according to the firm
theory, a Cournot or Stackelberg game modeled with a technology spillover effect and intellectual property protection is applied to
portray the interaction between firms. Third, an improved evolutionary game model is provided by incorporating behavioral
biases into the framework of the decision-making process. Finally, the simulation analysis of some important factors, such as
intellectual property protection, patent fees, innovation risks, decision-making attitudes, and consumers’ price preference on
firms’ technological strategic choices, is presented. The corresponding results show that (1) innovation risk is an important factor
affecting the technological strategic choices of firms, (2) increasing the intellectual property protection and the patent fee for
technology transfer can effectively control the spillover effect of technology, (3) there is a partial U-shaped relationship between
the consumers’ price preference and innovation, and (4) the behavioral biases such as reference point dependence, loss aversion,
and probability weighting will change the perception of payoftf and risk and will eventually induce firms to adopt the
innovation strategy.

1. Introduction

Firms’ technological strategic choice in the market is
complex and dynamic. First, after entering the market, firms
will often face the choice of binary strategies, i.e., whether to
choose incremental innovation strategy or radical innova-
tion strategy, sustaining innovation strategy or disruptive
innovation strategy, imitation innovation strategy or orig-
inal innovation strategy, close innovation strategy or open
innovation strategy, substantive innovation or strategic
innovation, etc [1]. Each strategy is closely linked with the
competitive environment, market structure, and innovation
ability [2-4]. Second, firms will still face the problem of
acting first or acting later in terms of investing in R&D
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same time also face high R&D costs and higher innovation
risks, while the later entrants may avoid the corresponding
risks and obtain new business benefits through technological
upgrading [5]. Third, the strategic choice is an interactive
dynamic process. Firms will continue to adjust their strategic
choices based on previous returns and competitors’ strategic
choices [6].

Firms’ strategic choices can be roughly divided into two
types: innovation and imitation. (1) Innovation is an in-
fluential factor for firm survival and growth [7]. On the one
hand, innovation can help a firm to build strong barriers and
be the first to bring a brand-new technology to market and
gain a large market share. On the other hand, a firm with an
innovation strategy can achieve leapfrog development and
form core competitiveness through continuous technolog-
ical development. In particular, innovation can be divided
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into process innovation and product innovation [8, 9].
Process innovation is defined as a reduction in a firm’s
marginal costs (i.e., cost-reducing R&D innovation), while
product innovation is interpreted as an improvement in the
quality of the product (i.e., quality-improving R&D inno-
vation). Zhou et al. established a dynamic two-stage Cournot
duopoly game with an R&D spillover effect and noted that
R&D is a creative activity of firms that increases their
knowledge and further reduces their production costs [10].
Takashima and Ouchida considered a quality-improving
R&D and merger policy in a differentiated duopoly and
found that a merger can better encourage R&D investment
than the R&D competition [11]. In addition, Sun analyzed
both the cost-reducing R&D and quality-improving R&D
activities in a Hotelling model with an endogenous spillover
effect and noted that these two R&D activities will have the
same strategic properties and that the equilibrium strategy of
the quality-improving R&D model can be derived from the
cost-reducing R&D model [12]. It can be seen that process
innovation affects marginal production costs, while product
innovation affects product prices. (2) Imitation is a strategy
that prefers the intentional copying of the innovator’s
existing technology, design, and business models as well as
organizational practices [13]. The concept of imitation is the
extent related to the concept of late entrants, and the imi-
tators can seem as the followers with the passive suitability.
Under an imitation strategy, imitators can reduce R&D costs
through spillover from the innovators, but it is difficult to
formulate long-term technology accumulation in the process
of technology development. However, according to Golder
and Tellis [14], the failure rates of innovators and imitators
are 47% and 8%, respectively. Imitators can exploit the
innovators’ efforts to develop the technology or products
and as late entrants can even overtake pioneers in various
markets. To date, the role of innovation and imitation
strategies is widely recognized, such as they can both im-
prove the firm productivity, but there is still no consensus on
which is better.

According to the recent studies, whether firms choose
innovation or imitation is related not only to external fac-
tors, such as innovation risks, intellectual property pro-
tection, and technology spillover, but also to the behavioral
biases of decision makers, such as reference point depen-
dence, loss aversion, and probability weighting [15, 16]. For
example, the innovative, strategic, and risk-taking traits of
CEOs will positively relate to entrepreneurship and can
improve firm performance [17]. Some scholars further
consider that firms are no longer considered simple actors
with a stress-response style but rather as agents with per-
ception, interest trade-offs, and complex decision-making
ability [18, 19]. For example, reference point dependence is
an important benchmark for the firm to judge whether a
strategy will eventually bring gains or losses [20], which
indicates that firms may pay more attention to the change in
wealth than to the final level of wealth in the process of
decision making [21]. In addition, loss aversion describes the
situation that firms or investors will tend to continue to hold
a loss or assets in anticipation of a rebound phenomenon
when suffering a loss or asset depreciation 22, 23]. It can be
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seen that behavioral biases will greatly affect the process of
strategic choices.

Hence, this article continues with this line of thought
and mainly investigates the following research questions. (1)
What are the behavioral biases of firm decision makers? (2)
How can behavioral biases be modeled into the process of
decision making? (3) How do behavioral biases influence the
firms’ technological strategic choices between innovation
and imitation?

Analyzing the relationship between behavioral biases
and strategic choices at the firm’s behavior level presents two
challenges. First, it is necessary to properly define and model
behavioral biases, such as reference point dependence, loss
aversion, and probability weighting. Second, behavioral
biases should be incorporated into the interactive process
among firms. Therefore, to address the above challenges, this
article fuses prospect theory and evolutionary game theory
to reveal the influence of behavioral biases on strategic
choices.

The main contributions of this paper can be summarized
as follows. (1) A new evolutionary game model based on
prospect theory is proposed, which comprises behavioral
biases such as reference point dependence, loss aversion, and
probability weighting. (2) In terms of the sequence of actions
for innovation and imitation, a Cournot or Stackelberg game
model with technology spillover effects and intellectual
property protection is applied to portray the competition
between firms. (3) The mechanisms of behavioral biases on
the firms’ technological strategic choices are revealed based
on the prospect theory.

The remainder of this paper is organized as follows. In
Section 2, we conduct a literature review on the behavioral
biases. Section 3 presents a basic evolutionary game model
and an improved evolutionary game model based on
prospect theory. In Section 4, the simulation analysis and the
results are presented. Finally, the conclusions and discus-
sions are discussed in Section 5.

2. Literature Review

In addition to focusing on the impact of intellectual property
protection, patent fees, and other factors on innovation
decisions [24], we follow the studies that explain firms’
different systematic behavioral biases from the perspective of
cognition. Early studies analyzed behavioral biases from the
perspectives of bounded rationality, farming, inconsistent
risk aversion, certain effects, etc [25]. It is difficult to form a
unified analysis framework based on these theories. It is
worth mentioning that prospect theory may provide an
analytical framework comprising the following elements to
capture the behavioral biases [26, 27]:

(1) Reference Point Dependence. The reference point
plays a critical role in the decision-making process.
Decision makers care about the final returns as well
as the changes in returns concerning a reference
point [28]. That is to say, the reference point de-
termines how firms frame the returns of a strategy. A
large number of studies have confirmed this
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conclusion. For example, Greve found evidence from
shipbuilding that the R&D intensity is related to the
distance between the performance and aspiration
level and pointed out that the high performance will
reduce R&D intensity, while performance below
aspiration level will increase R&D intensity [29].
Accordingly, they perceive a given return as a gain
(loss) when above (below) the reference point. This
shows that the core issue here is the selection of the
reference point because the same outcome may be
evaluated differently under different reference
points. Most researchers measured a common ref-
erence point by the industry median or mean of
returns. Wiseman and Catanach used average per-
formance as the reference point and found that
below-average firm performance will create a loss
frame and stimulate risk-seeking behavior [30].
Additionally, Short and Palmer argued that firms use
many reference points and that they may change
over time [31].

(2) Loss Aversion. According to classical economic
theory, the basic assumption of risk return is a
positive relationship. However, much evidence
shows that when returns are below their expecta-
tions, decision makers in firms may perceive greater
dissatisfaction than satisfaction when returns exceed
their expectations [32-34]. A typical example is the
endowment effect experiment, in which decision
makers are more simulated to changes that are
considered as losses than equal-sized changes that
are regarded as gains. This phenomenon is called
Bowman’s paradoxical negative risk return or loss
aversion [35]. Some scholars consider it a paradox of
human cognition that while people are risk-averse,
they also tend to be optimistic [36]. In particular, the
strategic choice behavior will be risk-averse when
firms perceive gains and risk-seeking when per-
ceiving losses. In the empirical studies, Kliger and
Tsur examined the relationship between the returns
and risk level by using the COMPUSTAT data and
showed that firms with returns above their expec-
tations will assume less risk than those firms with
returns below their expectations [37]. Situmeang
etal., in a study of 362 game developer firms, further
found that a stable market will negatively influence
new market entry while a high-degree variable
market will positively influence new market entry
[38]. This conclusion is also supported by a study
that examined the 379 firms in India [35].

(3) Probability Weighting. Probability weighting is the
decision maker’s perception of the probability of an
event, which is traditionally considered as a linear
function. However, an abundance of evidence shows
that the individuals do not use objective probabilities
to evaluate the possibility of an event but rather the
transformed probabilities obtained from objective
probabilities via mental processing [39-41]. A recent
empirical study by Stearns shows that innovation will

may fail fast as a result of overconfidence by a firm’s
managers, which indicates that the cognitive biases
may affect investment decisions [42]. The most
important feature of the probability weighting is that
low probabilities are overweighted and high prob-
abilities are underestimated [43]. That is, decision
makers more accurately simulate the probability of
rare events than typical events. Many mechanisms
have been proposed to explain probability weighting,
such as anchoring bias [44], probability estimation
error [45], and salience-based theory [46]. In the
financial markets, probability weighting is applied to
explain the underdiversification of household port-
folios [47], stock prices, and asset prices [48-50]. For
example, probability weighting may matter in
merger and acquisition deals. The reason for this is
that investors may overestimate the true probability
of deal failure, which results in a lower willingness to
pay for deals with small failure probabilities.

The above studies suggest that the behavioral biases of
the decision maker will affect the decision-making behavior
to a certain extent. However, previous studies have paid less
attention to the firms’ technological strategic choices; most
of these studies use only one or two elements of prospect
theory, and few studies treat it as a coherent whole.
Therefore, to reveal the influence of behavioral biases on
strategic choices, behavior with prospect theory is applied.
First, behavioral biases such as reference point dependence,
loss aversion, and probability weighting can be defined and
modeled based on the prospect theory. Second, according to
the firm theory, a Cournot or Stackelberg game model with a
technology spillover effect and intellectual property pro-
tection is applied to portray the interaction between firms. A
Cournot game is mainly used to describe the competition
situation when two firms adopt the same strategy (imitation
or innovation) simultaneously. A Stackelberg game portrays
the orderly competition with one firm as the first mover to
adopt an innovation strategy and another firm as a later
entrant to adopt an imitation strategy. Third, an improved
evolutionary game model is provided by incorporating
behavioral biases into the framework of the decision-making
process. Therein, it mainly uses the perception payoft formed
by the value function to replace the final payoft formed by
the utility function and replaces the objective probabilities
with the transformed probabilities. Finally, the simulation
analysis of some important factors, such as intellectual
property protection, patent fees, innovation risks, decision-
making attitudes, and consumers’ price preference for
strategic choices, is presented.

3. The Model

3.1. Assumptions

Assumption 1. To simplify the problem, this article assumes
that there are two alternative strategic choices, namely,
innovation strategy (C) and imitation strategy (M), that can
be adopted by each firm to compete in the market, and each
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firm will make optimal production decisions to maximize
profits [51-53]. Firms that adopt innovation strategies are
called the innovation-leading firms, while those that adopt
imitation strategies are called the imitation-following firms.
In terms of the innovation-leading firms, intellectual prop-
erty protection is a very important way to protect their
vested interests by curbing technology spillover. Imitation-
following firms can achieve innovative technology by paying
a certain patent fees to the innovation-leading firms.

Assumption 2. In general, when the innovation-leading firms
increase the intellectual property protection, other imita-
tion-following firms have difficulty free riding on innovative
technology by technology spillover [6]. The stronger the
intensity of property protection, the greater extent to which
the technology spillover effect will be contained. Here, we
assume that there is a negative correlation between intel-
lectual property protection and technology spillover
[54-56]. The specific relationship is set as follows:

0=1-5 (1)

where 6 represents the extent of intellectual property pro-
tection, 6 € [0, 1], and f denotes the technology spillover,
B € [0, 1], in which f = 0 indicates that there are no spill-
overs and f# = 1 means that the firm can obtain the same
technology as a rival.

Assumption 3. A constant marginal cost A can be reduced
by investing in R&D. The R&D investment allows a firm to
reduce its marginal cost A by the amount s, where s € [0, 1],
and s can also be regarded as the R&D investment level. In
addition, due to the technology spillover effect, the marginal
cost of a firm is still reduced by the rival’s R&D outcomes.
However, subject to intellectual property protection, the unit
cost reduction for firm i is (1 — 6)sj.The total cost of pro-
duction generally includes unit marginal cost and fixed R&D
cost [57], namely,

Ci(q» R, 0) =[A—H(w)s; - (1 - 0)H (w)s;]q, + H (w)R,,
(2)

where H (w) is the indicator function. H (w) =1 stands for
the firm’s decision to engage in R&D and H (w) =0 means
that the firm abstains from innovation. R; is the fixed R&D
cost.

The R&D cost is assumed to be quadratic, which reflects
the diminishing returns to levels of R&D efforts [58, 59]. The
relationship is shown as follows:

52
R = V5% (3)

where y represents the R&D cost coefficient. Therefore, the
total marginal cost of the firm can be rewritten as follows:

2
Co(gi R, 6) = [A— H(w)s; - (1 - OH (w)s;]q; + H(w) %

(4)
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Assumption 4. The linear inverse demand function has been
widely adopted in the research concerning oligopolistic
competition [60], which can be described as follows:

pi=a-q,-q; (5)

where p; is the price, a is the market potential capacity, and g;
and g, represent the quantity of firm i and quantity of firm j,
respectively.

Furthermore, evidence indicates that R&D investment
cannot only reduce the cost of production of the product but
also improve the quality of the product, thereby affecting the
product’s price [61, 62]. Holcombe argues that quality is
implicit in product differentiation, and the differentiated
products may result in different prices [63]. It can be seen
that R&D investment achieves product differentiation
through improved production technologies, thereby af-
fecting the market equilibrium price. Specifically, firms that
choose an innovation strategy will obtain high-quality dif-
ferentiated products through R&D investment, and the
improvement of quality is reflected in consumers’ price
preferences for products. Therefore, to reflect the con-
sumer’s price preference for differentiated products, this
article introduces a parameter ¢, so the product price of the
firms that choose the innovation strategy is

Pic =a-4q;— 9q;. (6)

For firms that choose the imitation strategy, because they
have not invested in R&D, consumers’ price for this product
will decrease. At this time, the price is

Pt = 9(a—a; - q;), (7)

where ¢ measures the price preference between the differ-
entiated products and ¢ € (0, 1]. When ¢ is set as 1, there is
no difference in consumers’ price preference between in-
novation products and imitation products. While 0 < ¢ < 1, it
shows that consumers have a price preference, and the
smaller the value ¢, the greater the difference between
imitation products and innovative products for consumers’
price preference. And p;c, pim» and p;y  satisfy
Pim < pi<pim That is, consumers pay more for innovation
products than for the imitation products.

3.2. The Basic Evolutionary Game Model. The market
competition between two firms can seem like a typical game
process [64], which could be composed of four stages. (1)
The first stage is the selection of the strategy. When they both
adopt the innovation strategy or the imitation innovation
strategy at the same time, they play a Cournot game. When
they adopt different strategies, they play a Stackelberg game
with an order of action. (2) The second stage is the R&D
investment. A firm that adopts an innovation strategy will
determine its optimal R&D investment level, while a firm
that adopts an imitation strategy will not carry out this
process. (3) The third stage is production decision making.
Firms will make optimal production decisions under the
optimal R&D investment level and optimal prices. (4) The
fourth stage is the strategy adjustment. In the process of
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continuous market competition, firms adjust the next
strategy according to the previous payoff to obtain higher
returns in the future.

The payoff matrix owing to different strategies adopted
by firm i and firm j is shown in Table 1.

Under the different combinations of two strategies
chosen by two firms, three market situations will be con-
structed as follows: (1) when two firms adopt an innovation
strategy simultaneously, they carry out a Cournot game [65];
(2) when one firm adopts the innovation strategy and an-
other adopts the imitation strategy, it means that there is an
orderly competition in production and they carry out a
Stackelberg game [66]; and (3) when two firms adopt an
imitation strategy, they carry out a Cournot game without
the R&D investment. The payoffs from the different situa-
tions are presented as below.

Situation 1. Firm i and firm j both adopt an innovation
strategy.

In this situation, the Cournot game model between two
innovation-leading firms is applied to construct the model.
During the R&D investment stage, both firms can share the
benefits of technology spillovers and then compete with each
other in terms of production. Since both firms choose an
innovation strategy at the same time, the price of innovation

TaBLE 1: The payoff matrix of the basic evolutionary game model.

Firm j
Innovation Imitation
strategy (C)  strategy (M)
- c _C
Firm i Inn.ova.tlon strategy (C) o n]-s c ﬂngc, ﬂfcM
Imitation strategy (M) s e v i

products is p; c. Therefore, the objective of the firm is to
choose an innovation strategy that maximizes profits:

2
maxnfc = [a—qi - 9q; —(A—si -(1- 0)sj)]qi —yzi,

qi
ys;
max = [a g~ pg; (A5, = (1 0)5) g, ~ 5"
)
(8)

The solution concept is the subgame perfect Nash
equilibrium, and the game is solved by backward induction.
First, firms determine their optimal R&D investment level s;;
according to the best response to production. Second, the
optimal equilibrium productions g are solved based on the
given R&D investment level s;. Then, firms’ profit maxi-
mization is derived:

o _[C-p)a-A)+@E-29-

kC 4- g’
. 2L,L,
Sp= 0t
T y—212-2L,l,
_a-A
T 249
2-¢+¢b
="
4-¢
2-¢-20
L,==—"¥%=
4-9¢

Situation 2. Firm i adopts an innovation strategy, and firm j
adopts an imitation strategy.

In this situation, the strategy selection is in order. The
first mover may become an innovation-leading firm while the
later entrants may become an imitation-following firm.
Therefore, the Stackelberg game with an orderly competition
is applied. In general, when the innovation-leading firms
increase the intellectual property protection, other imita-
tion-following firms have difficulty free riding on innovative
technology by technology spillover, but they can acquire the
technology by technology transfer. According to the re-
search of Zigi¢ [67], licensing trade as a simple and easy

BRI Zyl_llsl

20+ 90)s; | e

2k> k:i,j’

)

approach to operate technology transfer is widely used. On
the one hand, for the innovation-leading firms, the high
innovation investment in the early stage can be quickly
recovered through licensing trade, and the innovation risk in
the future can be reduced. On the other hand, the imitation-
following firms can acquire new technology as quickly as
possible by paying certain patent fees, which reduces the unit
cost of production to a certain extent. In addition, since firm
i chooses an innovation strategy and enterprise j chooses an
imitation strategy, the product price of firm i and firm jis p; ¢
and p; 5, respectively. Therefore, the firms’ profit maximi-
zation is transformed into
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maxnfM = [a—qj—goqi—(A—(l —9)51‘)]‘1j_f

qj

f= P”?M = p[q)(a —4q; = %) -(A-(1- e)si)]qj’
(10)

fé—[a a; +¢q,

T = (1= P)fP[V & ]

A+s] —q)V]ql -5 +pgo[V 4
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where f represents the patent fees. The patent fees is the
royalty payment based on the total payoff. This article uses p
as a percentage of the total payoff, which can also be
regarded as the bargaining power of the innovation-leading
firm [68].

The backward induction method is used to solve the
problem [69], and the optimal payoff of the innovation-
leading firm and the imitation-following firm is shown below:

2

V =R, +Rys},
_ga-A
T
R="0 (1)
2¢
q; = M, + M,s;,
2a-2A—-(1+p)(pa- A)
' 4-2¢-pg
M, _2-(1+p(1-9)
4-29-pg
o M1+ (9/2) = DM, = 9Ry] + My [a— A +((9/2) = DM, = 9R,] +2p (R, — (My/2)) (R, — (M,/2))
1 y = 2M, [1+((9/2) = DM, = R, | + 209 (R, = (M,/2))*
. . a— A 2 L
Situation 3. Firm i and firm j both adopt an imitation HEM = EM =%, k=1, j. (13)

strategy.

In this situation, the Cournot game between two imi-
tation-innovation firms is utilized to construct the model.
Without R&D investment, there is no benefit of sharing
technology spillover between each other, and it is not
possible to reduce their own unit production cost. Since both
firms choose an imitation strategy at this time, the price of

imitation products is p;,;. Therefore, the firms’ profit
maximization is transformed into
c
n};\x Tim = [¢(“ —4q; ~ ‘11) - A]‘]v
(12)

) A]qJ

By the backward induction method, the optimal pro-
ductlon q; is solved The opt1ma1 payoft of firm i and firm j

D Oﬁt functlon as
: J

max 7y, =[p(a - 4; -

In general, a new technology to reduce marginal costs is
always subject to risks [14, 60]. This suggests that the in-
novation-leading firm will encounter all sorts of uncertainty
risks that may result in a decrease in profit, such as the
difficulty of technology research and development, the al-
ternative technology risk, policy risk, and the risk of changes
in market demand. Therefore, an innovation risk factor ¢ is
introduced. The greater the innovation risk is, the lower the
innovation payoff will be. Innovation payoffs can be
expressed as

1C - (1 6)7-[5(*]’
n].,C =(1- a)nfg,

; o (14)
7T<C = (1 - 8)ﬂiC’

]c =(1- 5)77,c
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According to the evolutionary game theory, the repli-
cator dynamic equation can be constructed to analyze the
evolutionary stability of the strategies. The evolutionary
game framework of a single group is applied for analysis. We
assume that there are many firms paired to compete for
production in the market, and the actual proportion of firms
in the group choosing innovation strategy and imitation
strategy is x and 1 — x, respectively. Therefore, the expected
payoff of innovation strategy and imitation strategy adopted
by any firm k in the group is as follows:

Ukc = Xﬂic +(1- x)ﬂi’c,
Ut = %7550 + (1= X740 (15)
Uk = XUk,C + (]. — x)Uk’M.

According to the above analysis, the replicator dynamic
equation can be obtained:

F(x) = ccll—): = x(Upc = T;) = x(1 = x)(Uyc = Uy ).
(16)

The evolutionary stability of innovation and imitation
strategy can be obtained by solving the replicator dynamic
equation.

3.3. The Improved Game Model Based on Prospect Theory.
According to prospect theory, the decision-making behavior
of the firm highly depends on the perception of returns [69].
That is, the firm often tends to maintain the previous de-
cision when perceiving gain but changes the decision when
perceiving loss. This can be represented by the gain-loss
utility, and the shape of the function is S-shaped, as sug-
gested by Tversky and Kahneman [43], as shown in Figure 1.

According to Figure 1, the gain-loss utility f{Am) has the
following characteristics. A can be seen as the difference
between the final payoff 7 and the reference point ». When
Am >0, which means that the perception of choosing this
strategy is gains, the firms will show satisfaction and con-
tinue to tend to adopt this strategy. When An <0, which
indicates that the perception is losses, the firms will show
loss aversion and will not be inclined to adopt this strategy in
the future.

(m—1)"%,

—/\(r—n)ﬁ, m<r.

>,

f(Am) =<| (17)

In addition, f(Am)<0n(An>0) and f(Am)>0n
(Am < 0) mean that firms show risk aversion in the face of
gains and risk-seeking in the face of losses, respectively. «
and B (0<a, f<1) represent the marginal diminishing
degree of gains and losses. A (A > 1) refers to the coefficient of
loss aversion, meaning that the decision-making firm is
more sensitive to losses for the same degree of gains.

However, in reality, this type of decision-making be-
havior that mainly focuses on the gain-loss utility cannot
reflect the real decision-making process of the firm [70]. For
estment decision,
er firms and its

Value f(.) T

gains

losses

FiGure 1: The curve of an S-shaped value function. Note: f{Ar) is
the gain-loss utility, r is the reference point, and 7 is the final payoft.

aspiration level. It is worth noting that because the strategy
selection of the rival firm is based on incomplete infor-
mation, there will be a variety of different strategy combi-
nations. That is, the aspiration level (i.e., reference point) of
the firm is not unique and will be adjusted according to the
competition model formed by the combination of strategies
of both firms. We assume that there are M different situ-
ations in which the reference point in the j-th situation is
represented by rj, and the probability of each situation is
represented by p;. Therefore, to analyze the decision-making
behavior of firms more reasonably, this paper introduces an
improved utility function, which considers both rational
expected and gain-loss utility. The utility function specifi-
cally is expressed as

N

N [M
V= ZX:‘”:‘JF XiLZij(”i—rj)jl- (18)
o [

i=1

The first term in the equation is rational expected utility,
and the second term is gain-loss utility.

In addition, it is worth noting that the probability
weighting function of the utility function proposed by
Koszegi and Rabin [21] is still linear, and a large number of
studies have confirmed the universality of the nonlinear
probability weighting function [71]. One commonly used
function form for a probability weighting function w(-) is
given by

X¢

[+ 7]

The probability weighting function has the same inverted
S shape, as shown in Figure 2, which maps the true prob-
abilities y on to the unit interval. Generally, w(y) satisfies
w(0) =0, w(1) =1, with w(y) > x for all y <)y and w(y) < x for
all y >y. This indicates that there is a general tendency to
overestimate the low probability events and underestimate

w(y) = W (19)
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FIGURE 2: The curve of the probability weighting function.

the high probability events. ¢ is an adjustable parameter that
controls the curvature of the probability weighting function.

Therefore, this paper replaces the linear probability
weighting function in the gain-loss utility with the nonlinear
probability weighting function:

N N M
V= ZXHT,- + Z w(y;) LZ pif(ﬂi - rj)]. (20)

3.4. The Payoff Matrix Based on Prospect Theory.
According to prospect theory, perception payoff is described
as the change in relative payoff compared with their current
reference point rather than upon final payoft. By comparing
the actual payoff with the reference points, the difference
reflects the gains or losses. For example, when firm i adopts
the innovation strategy since it is unknown which strategy
the firm j will adopt, there may be two possible payoff results,
as shown in Table 1, 7 and 7. If the firm i adopts 7{. as

Vic = xnf,c +(1- x)nic - w(x)[(l - P)A(—(ﬂf,c
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the reference point, the perception payoffs are 0 and
i — M, while if the firm i adopts 7] as the reference
point, the perception payoffs are 7{, — 7 and 0, respec-
tively. Similarly, when the firm i adopts the imitation
strategy, there may be two possible payoff results, 7}, and
7> then the perception payoffs are 0 and 7{,, — 77, under
the reference point 7}, and the perception payoffs are
7y — 7y and 0 under the reference point 7{,. Further-
more, we assume that the probabilities of two possible
reference points in the case of innovation strategy or imi-
tation strategy are p and 1 — p. The selection of the preference
point under uncertain conditions can be regarded as the
decision-making attitude [61], that is, p and 1 - p represent
the degree of pessimism and optimism of the decision
maker, respectively. When the value of p is large, it means
that the firm believes that its rival will adopt the same
strategy and pessimistically considers that it will compete
fiercely with its rival in the market. In contrast, when p is
smaller, it means that the firm believes that its rival will
adopt a different strategy and expects optimistically to obtain
a greater payoff. Therefore, by comparing the payoffs of firm
i and firm j with their corresponding possible reference
points, respectively, a new perception payoff matrix can be
obtained, as shown in Table 2.

According to the prospect theory that considers rational
expectation and gain-loss utility, the prospect value of the
innovation strategy or imitation strategy can be obtained.
Assume that the actual proportions of firms in the group
choosing an innovation strategy and imitation strategy are x
and 1-x, respectively. Owing to the information and
subjective judgment bias, the firms in the group will sub-
jectively think that the proportions of choosing an inno-
vation strategy and imitation strategy in the group are w(x)
and w(l —x). Therefore, the prospect values of the inno-
vation strategy and the imitation strategy adopted by any
firm i in the group are as follows:

-me)) | w0 [p(me - 7))

Viem = x”g,M +(1- x)ﬂf,M - w(x) [(1 - P)/l(_(”i,M - ”EM))‘X] +w(l- x)[PA(—(”i,M - ”i,M))ﬂ]’ 21

Vk = ka,C + (1 — x)Vk,M'

According to the above analysis, the duplicator dynamic
equation can be obtained:

F(x) = x(Vk‘C - Vk) =x(1- x)(Vk,C - Vk,M)' (22)

The evolutionary stability of firm innovation and imi-
tation strategy can be obtained by solving the replicator
dynamic equations.

ERE fyl_llsl

4. The Simulation Results

Simulation analysis is used to analyze the evolution stability
results by setting different parameter scenarios. Based on the
research of Tversky and Kahneman [43] and Dhami [70], the
loss aversion coefficient A is set as 2.25, the risk preference
coeflicients o and f3 are set to 0.89 and 0.92, the curvature of
the probability weighting function ¢ is set to 0.69, the R&D
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TaBLE 2: The payoff matrix based on the prospect theory.

Innovation strategy (C)

Firm j

Imitation strategy (M)

.. Innovation strategy (C)
Firm i L.
Imitation strategy (M)

{mic - e, 0}

[Mic = {one-mch Mic = {orc-me} Tl = {mc ~ e Oh M = {07500 = 7}
HI'S,M = {0’ ”is,M - HEM}’ ch = g

Cc _ C Cc  _ C S
; Tiw = {76 = o OF TT5as = {750 = 75000}

cost coeflicient y is set to 2, the market potential capacity a is
set to 10, and the marginal cost A of production is set to 8. In
addition, the initial actual proportion of firms in the group
choosing the innovation strategy is x=0.5. This article
turther reveals the mechanisms of the behavioral biases on
firms’ technological strategic choices through simulation
analysis of important factors such as intellectual property
protection, patent fees, and decision-making attitudes. To
compare and analyze the influence of the behavioral biases
such as reference point dependence, loss aversion, and
probability weighting on firms’ technological strategic
choices, the corresponding results of the basic game model
are also presented.

4.1. The Effect of Intellectual Property Protection Intensity.
The mechanism of intellectual property protection on firm
decision-making behavior is analyzed first. The intensity of
intellectual property protection describes the efforts of
firms to implement patent protection and modularization
to protect their interests from infringement. The stronger
the intensity of intellectual property protection, the less
knowledge the other firms will acquire through technology
spillover. This paper divides the strength of intellectual
property protection into five levels: 6=0 6=0.3, 8=0.5,
0=0.8, and 0=1; the innovation risk is divided into three
levels: §=0.3, §=0.5, and § =0.8. The patent fees are fixed
as p=>50%, the consumers’ price preference is set as ¢ =1,
and the decision-making attitude of the firm is set as
neutral, p=0.5. The simulation results are shown in Fig-
ures 3 and 4.

As can be seen from Figure 3, with the increase in in-
tellectual property protection 0, the proportion of firms that
choose the innovation strategy will also increase, and the
lower the innovation risk (§ =0.3 and § = 0.5), the greater the
proportion of firms that choose the innovation strategy. This
shows that intellectual property protection can effectively
improve firms’ innovation initiative.

Compared with the results in Figure 3, as can be seen
from Figure 4, with the increase in the intellectual property
protection, there is a general trend that the strategy selection
of firms will change from an imitation strategy to an in-
novation strategy even with the high innovation risks
(6=0.8). This phenomenon can be further inferred; in ad-
dition to improving intellectual property protection, the new
mechanism to promote the innovation lies in the behavioral
biases such as reference point dependence and loss aversion.
By analyzing the perception payoff caused by different
strategy selections, it can be found that firms are more
sensitive to the loss caused by imitation strategy, as shown in
Figure 5.

As can be seen from Figure 5, taking firm i as an example,
there are two possible results (n{., 77 ) or (7{), 7} ,) under
the conditions that firm i adopts the innovation strategy or
adopts the imitation strategy, respectively. The differences
(AVE = -, AVM =7, —7¥)) between the two
results are the perception payoff. A positive value
(+AVC, + AVM) represents the perception of gain, and a
negative value (-AV, — AVM) represents the perception of
loss. It can be seen that if the firm adopts the imitation
strategy since it does not need to pay the R&D cost, it can
gain technology spillover by paying a certain patent fees to
reduce its own production cost. Thus, it can be reasonably
inferred that |77, — 7{,| > |7 — 7|. Furthermore, when
both Inf;c - nfcl and |n§ M nfM| are in the gain domain, the
gap of the difference +AV® and +AVC is small, but when
both |7 — 7{c| and |7}, — 75| are in the loss domain, the
gap of difference ~AV® and —AVM is relatively obvious.
Therefore, the losses caused by the imitation strategy are
relatively larger than the gains brought by the innovation
strategy, so under the influence of loss aversion, firms will
eventually tend to adopt the innovation strategy.

4.2. The Effect of Patent Fees. Next, the effect of patent fees on
firm decision-making behavior will be analyzed. The value of
patent fees p can be set as three levels: p =30%, p = 50%, and
p=380%. The innovation risk can be set as three levels:
§=0.3, §=0.5, and §=0.8, the intellectual property pro-
tection intensity is set as 0=0.5, the consumers’ price
preference is set as ¢ = 1, and the decision-making attitude of
the firm is set as neutral, p =0.5. The simulation results are
shown in Figures 6 and 7.

As can be seen from Figure 6, under the lower level of
innovation risks (6§ =0.3, § =0.5), increasing patent fees can
significantly increase the proportion of firms that choose
innovation strategies. Even in a high innovation risk envi-
ronment (6 =0.8), increasing patent fees can delay the time
to finally adopt an imitation strategy to a certain extent. The
results show that under the combined effect of high patent
fees and lower innovation risk, firms are more inclined to
adopt an innovation strategy instead of an imitation strategy.

Compared with the results in Figure 6, it can be seen
from Figure 7 that when firms consider the behavioral biases
in the process of strategy selection, increasing patent fees can
significantly promote the proportion of innovative firms
even under higher innovation risk conditions (6=0.8).
There are two main reasons for this: (1) a higher patent fee
can stimulate the enthusiasm of firms to adopt an innovation
strategy and protect the innovation interests of firms; and (2)
relying on behavioral biases, such as reference points de-
pendence and loss aversion, a higher patent fees will make
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F1GURE 3: The proportion of innovation-leading firms in the group for different intellectual property protection intensity 6 on three levels of

the innovation risk § based on the basic game model.
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FIGURE 4: The proportion of innovation-leading firms in the group for different intellectual property protection intensity 6 on three levels of

the innovation risk § based on the improved game model.

firms perceive that the loss of the imitation strategy will
exceed the gain of the innovation strategy to a great extent, as
shown in Figure 6. Therefore, the effect of loss aversion will
eventually force the firm to adopt the innovation strategy.

4.3. The Effect of Decision-Making Attitudes. The mechanism
of the firm’s decision-making attitude on strategic choices is
analyzed further. The decision-making attitude of firms is

iC (p = 1), partial
: J

rtially optimistic

(p=0.8), and completely optimistic (p =0). The innovation
risk is divided into three levels: §=0.3, §=0.5, and §=0.8.
The intellectual property protection intensity is fixed as
0=0.5, the consumers’ price preference is set as ¢ =1, and
the patent fees are fixed as p =50%. The simulation results
are shown in Figure 8.

As can be seen from Figure 8, under different conditions
of innovation risk with the firm’s decision-making attitude
changing from complete pessimism (p=1) to complete
optimism (p=0), the firm’s enthusiasm for choosing the
innovation strategy will increase. Especially under high risk
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FI1GURE 5: The difference of perception payoft between innovation (a) and imitation (b).
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FIGURE 6: The proportion of innovation-leading firms in the group for different patent fee intensity p on three levels of the innovation risk §

based on the basic game model.

conditions, the more optimistic the firm’s decision-making
attitude is, the higher the proportion of firms that choose the
innovation strategy is. The principal reason for this is that in
the process of strategic choices, if the firm optimistically
believes that the other firm will adopt a different strategy
from its own, it will to some extent adopt an innovation
strategy with a first-mover advantage to obtain more market
opportunities. Additionally, the firm perceives that the loss
ain of the inno-
of loss aversion,

the firm will eventually tend to adopt the innovation
strategy.

4.4. The Effect of the Consumers’ Price Preference. Finally, this
study analyzes the mechanism of the consumers’ price
preference on strategic choices. Consumers’ price prefer-
ences are divided into five levels: ¢ =0.1, ¢=0.3, ¢ =0.5,
¢ =0.7,and ¢ =0.9. The innovation risk is divided into three
levels: §=0.3, §=0.5, and §=0.8, the intellectual property
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FI1GURE 7: The proportion of innovation-leading firms in the group for different patent fee intensity p on three levels of the innovation risk §

based on the improved game model.
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F1GURE 8: The proportion of innovation-leading firms in the group for different decision-making attitude p on three levels of the innovation

risk & based on the improved game model.

protection intensity is fixed as 6=0.5, the patent fees are
fixed as p=50%, and the decision-making attitude of the
firm is set as neutral, p=0.5. The simulation results are
shown in Figure 9.

It can be seen from Figure 9 that when consumers’ price
preference for choosing innovative products and imitating
products decreases (that is, as ¢ increases), the number of
firms that choose innovation strategy increases. The reason
for this situation can be obtained by further observing the

a), it can be seen

that as ¢ continues to increase, there will be no difference in
consumers’ price preference for these two products, but
because firms that choose the innovation strategy can obtain
new profit growth by charging patent fees, more firms will
choose the innovation strategy. However, this does not mean
that consumers’ price preference has no effect on innova-
tion. To further understand the reason for this outcome, we
observe the relationship between the smaller ¢ and x in the
steady state, as shown in Figure 10(b).

Through Figure 10(b), it can be identified that there is a
partial U-shaped relationship between the smaller ¢ and x in
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FiGUure 9: The proportion of innovation-leading firms in the group for different consumers’ price preference ¢ on three levels of the

innovation risk & based on the improved game model.
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FIGURE 10: (a) The prices of products between innovation-leading firms and imitation-following firms for different consumers’ price
preference ¢ with the innovation risk §=0.5 and (b) the relationship between the proportion of innovation-leading firms in the group and
different consumers’ price preference ¢ on three levels of the innovation risk & based on the improved game model.

the steady state under different innovation risks, indicating
that a very small ¢ is beneficial to choosing the innovation
strategy to some extent. The reason for this phenomenon is
also evident. When ¢ is very small, consumers have a very
large price preference for innovation products, and con-
sumers are more willing to pay high prices for innovation

s, as sho ingFiguregl0(a)syTherefore, firms that

returns, which will increase the probability of firms choosing
an innovation strategy. With the gradual increase in ¢, a
certain degree of substitution appears between innovation
products and imitation products. At this time, consumers’
price preference for innovation products may begin to
decrease, and the price difference between innovation
products and imitation products will gradually shrink. Al-
though firms that choose an innovation strategy can obtain
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certain profit growth by charging patent fees, this part of the
profit growth cannot offset the loss of profit caused by in-
novation costs and innovation risks. Therefore, firms that
choose an imitation strategy at this time may obtain more
profit margins. Therefore, the number of firms choosing an
innovation strategy will decrease. As ¢ further increases, the
substitution of innovation products and imitation products
turther improves. As a result, the price difference between
innovation products and imitation products decreases, but
because firms that choose an innovation strategy can obtain
more profit growth by charging patent fees, the extra profit is
enough to offset the loss caused by innovation costs and
innovation risks. Therefore, firms that choose innovation
strategies will continue to increase.

5. Conclusions and Discussion

This paper analyzes how the firms’ technological strategic
choices between innovation and imitation are affected by
behavioral biases. First, behavioral biases such as reference
point dependence, loss aversion, and probability weighting
can be modeled based on the prospect theory. Second, the
interactive process among firms is described by a Cournot or
Stackelberg game model with a technology spillover effect
and intellectual property protection. By setting different
parameters and performing simulation analysis, the fol-
lowing important conclusions are obtained:

(1) Innovation risk, as a concentrated reflection of the
technology, market, and policy environment, is an
important factor affecting a firm’s decision-making
behavior. The higher the innovation risk, the greater
its impact on the firm’s innovation payoft. Once the
innovation risk exceeds the range that the firm can
tolerate, even under high intellectual property pro-
tection, high patent fees, and optimistic innovation
decision-making attitudes, it will not arouse the firm
enthusiasm for innovation.

(2) Increasing intellectual property protections and the
patent fees for technology transfer can effectively
control the technology spillover. By increasing the
difficulty and cost of the imitation-following firms,
we can maintain the enthusiasm for innovation and
safeguard the benefits of innovation. Therefore, in-
creasing the awareness of intellectual property
protection and strengthening the role of intellectual
property protection will be more conducive to the
cultivation of firm innovation capabilities.

(3) A partial U-shaped relationship between the con-
sumers’ price preference and innovation is pre-
sented, namely, consumers’ price preference for
innovation products and imitation products is ex-
tremely large or smaller, which can effectively im-
prove the innovation. This conclusion suggests that
increasing the enthusiasm of firms for innovation, on
the one hand, can greatly increase the difference
between innovation products and imitation products
such that consumers are willing to pay the higher
prices of innovation products and innovation-

Complexity

leading firms obtain high profits. On the other hand,
by increasing the substitutability of innovation
products and imitation products, under the com-
bined effect of consumers’ price preference and
technology transfer, firms may have a larger market
share when choosing an innovation strategy. It is
worth noting that through the second method, the
profit growth of innovation products brought about
by the combined effect of consumers’ price prefer-
ence and technology transfer must be enough to
offset the loss caused by innovation costs and in-
novation risks.

(4) Compared with the results based on the basic model,
the behavioral biases such as reference point de-
pendence, loss aversion, and probability weighting
will significantly affect a firm’s decision-making
behavior and increase the innovation enthusiasm.
These behavioral biases will change the perception
payoft and suggest that the losses caused by the
imitation strategy will be higher than the gains
brought about the innovation strategy. Therefore,
under the influence of loss aversion, the firm will
eventually prefer to adopt the innovation strategy.
Once the innovation behavior is formed, it will be
further strengthened through the positive feedback
mechanism.

In summary, the driving force behind the innovation
should focus not only on the role of external factors such as
intellectual property protection and patent fees but also on
the firm’s behavioral biases.

From the above research, it can be seen that innovation
risk runs through the analysis of the full text and is the key
focus of this article. The conclusions have confirmed that
innovation risk has become one of the decisive factors in the
success or failure of innovation and interacts with factors
such as property rights protection, patent fees, decision-
making attitudes, consumer price preferences, and other
factors to jointly determine the outcome of innovation.
However, because the meaning of innovation risk in the
article is relatively simple and the situation under incom-
plete information has not been considered, we can sup-
plement our work from some existing research conclusions
considering incomplete information. Harrison and Sunar
considered a problem of investment timing with incomplete
information and multiple learning modes based on a con-
tinuous-time Bayesian framework [72]. The results indicate
that the optimal learning and investment policy lie on a
small number of critical values in terms of the single-mode
selection problem. When extended to multiple learning
modes, the analysis of both investment timing and dynamic
subset selection decisions is required. In addition, Sunar
et al. pointed out that the customer network, business size,
and investment timing will also affect the competitive in-
vestment [5, 6].

These studies show that investment decisions under
incomplete information will be affected not only by the
firm’s learning modes but also by consumers’ network,
heterogeneous customer demand, business size, and
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investment timing. This is not only a further verification of
our article but also guides us in the direction of future
research. Therefore, our future research will further consider
investment decision making under incomplete information,
taking into account factors such as learning modes, in-
vestment timing, and consumers networks into the research
model.
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