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Abstract: Revenue-sharing (RS) contracts are a common approach in incentivizing innovation of
upstream suppliers by addressing the uneven profit distribution between upstream and downstream
firms. Considering the possible overconfidence characterizing decision makers in the supply chain,
we investigate the effect of the RS contract and the tendency of overconfidence of supply chain
members on the investment in R&D of key components of products in the context of an upstream
supplier that is a leader in the R&D and production of key components. We find that regardless
of the bargaining power of either party, an RS contract can increase the R&D investment in key
components. Regarding the effects of overconfidence of either the downstream manufacturer or
upstream supplier, an RS contract can increase the R&D investment in key components. Supplier
(manufacturer) overconfidence can harm their own profits but increase the profits of the manufacturer
(supplier), and when the level of overconfidence is below a certain threshold, the damage to their
own profits is less than the increase in each other’s profits, thus benefiting the whole supply chain. In
addition, we also find a joint effect of RS contracts and overconfidence: when the bargaining power of
the supplier is low, the RS contract has a certain compensatory effect on the loss of their own profits
caused by overconfidence.

Keywords: key components; overconfidence; revenue-sharing; R&D investment

1. Introduction

High-tech products, such as industrial machines, biopharmaceuticals, high-performance
medical devices, smart phones and electrical equipment, often have many key components
that have a significant impact on their performance. For example, development of computer
numerical control (CNC) systems for industrial machine tools has greatly improved the
accuracy, speed and efficiency of the parts processed using the machine tool. While the
provision of high-tech key components contributes to sales of upstream suppliers, it also
improves the quality of the end product, which in turn benefits downstream manufacturers
(Fossas-Olalla et al. 2015). Studies have found that suppliers are less willing to invest in
innovation if they need to bear the full cost of R&D and production (Laseter and Ramdas
2002). At the same time, given the features of long R&D cycles, high R&D investment costs,
and high R&D sophistication, innovations in key high-tech components require collabora-
tion among supply chain members. On the other hand, downstream firms are often willing
to help upstream suppliers to facilitate R&D. For example, Rundle Medical has invested in
the industrial end of upstream R&D and production in the in-vitro diagnostics industry. RS
contracts are one of the simple and effective collaboration approaches. Wang and Shin’s
(2015) study points out that RS contracts are a good way of promoting collaborations
with upstream key component suppliers on investment in innovation and product quality
while wholesale pricing and investment-sharing contracts may lead to underinvestment
in innovation upstream. In the biopharmaceutical sector, Alpha and Mega signed an RS
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contract in 2002 to support development of a new diabetes drug by the upstream firms.
In the smartphone sector, Apple signed an RS contract with AT&T to guarantee Apple’s
revenues and incentivize innovation in R&D of component parts. In the area of mobile
apps, the iOS and Android operating systems have incentivized app providers to offer
more attractive products by allocating 70 per cent of sales revenue to app developers.

While the incentives from downstream to upstream in the supply chains can affect
innovation decisions and performance, some characteristics (including cognitive limita-
tions) of individual supply chain members can also have significant effects on industrial
innovations. Overconfidence is one of these influential characteristics. For example, both
Jack Welch of General Electric and Steve Jobs of Apple demonstrated overconfidence in
their decision-making during their tenures as the CEO of their firms. Markovitch et al.
(2015) suggest that the overconfidence of decision makers is associated with high fore-
casts of new product sales. This means that overconfident decision makers tend to have a
higher value recognition of their own R&D products, or of the core components that they
choose to use, and adopt RS contract incentives to promote their R&D, relative to the mar-
ket. Overconfident downstream manufacturers are more likely to enter RS contracts with
upstream component suppliers to incentivize them to innovate so that the quality of the
end-product can be improved. Overconfident suppliers are also often willing to invest more
in maintaining the high technology content of their components. On the other hand, Plous
(1993) indicates that overconfidence in judgement and decision-making can also potentially
generate catastrophic results for the firm. For example, cellphone maker OPPO had to shut
down its chip design subsidiary, Zheku Technology, because OPPO was overconfident in
its own R&D capabilities and potential market demand, but its own chip manufacturing
eventually failed to meet the need for chips for mobile phone production. However, some
scholars have argued that overconfidence does not necessarily undermine performance of
supply chain innovation (Kirshner and Shao 2019; Li 2019; Wang and Shin 2015).

Prior research has analyzed the impact of the downstream manufacturers’ overcon-
fidence on innovation in key components by the upstream suppliers (Du et al. 2021).
However, no research has examined the impact of the level of overconfidence of both up-
stream and downstream members on innovation in key components under the RS contract.
Therefore, there is an urgent necessity to analyze the mechanism of their impact. Wang and
Shin (2015) propose that RS contracts are the most effective approach for promoting R&D
investment of upstream suppliers, but their study did not examine the role played by over-
confidence in innovation of supply chain members. Therefore, there is a gap in the existing
research on innovation collaboration between upstream and downstream supply chain
members regarding how overconfidence and RS contracts affect the innovation decisions
of upstream suppliers, and whether their joint impact on innovation is complementary or
substitutive when both supply chain members are overconfident as well as having an RS
contract between upstream and downstream firms.

The existing research gaps have motivated our study to examine the effects of RS
contracts and overconfidence on innovation decision-making of supply chain members by
addressing the following three research questions:

1.  What is the impact of manufacturers’ or/and suppliers” overconfidence on upstream
key component innovation and respective profit outcomes?

2. How does the RS contract affect the profit level and distribution of overconfident
supply chain members?

3. How do RS contracts and overconfidence interact with each other to affect decision-
making on key component innovation?

We adopted a behavioral game—-theoretical approach to construct a supply chain
model consisting of a single supplier and a single manufacturer, both of which tended
to be overconfident. The supplier is a Stackelberg leader responsible for the innovation
and production of key components, and the fellow manufacturer uses RS contracts to
incentivize the supplier to invest in R&D of key components. Through gaming modelling,
we first compared the level of innovation and profits under four scenarios: neither side is
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overconfident, either the supplier or manufacturer side is overconfident, and both sides are
overconfident under the RS contract. Secondly, we developed a sensitivity analysis of the
RS proportion and the degree of overconfidence. Finally, we examined the determination
of RS ratios by performing a bilateral bargaining model.

Behavioral game theory is a branch of behavioral economics that portrays the irrational
elements of human beings by changing the assumption of the rational man in traditional
game theory. By incorporating psychological elements and learning into game theory,
behavioral game theory aims to predict how people actually behave in reality (Camerer
2011). In this study, we explore how overconfidence of corporate decision-makers affects
their decision making by analyzing interactions between a supplier and a manufacturer in
terms of revenue sharing in the supply chain setting.

Our study contributes to the literature of collaborative innovation in supply chains in
two aspects. First, while the existing studies have only analyzed the impact of overconfi-
dence of one supply chain member on supply chain innovation, our study extends prior
research by not only considering overconfidence of both supply chain members, but also
analyzing the interactive effects of RS contracts and overconfidence on upstream supply
chain innovation. Our research findings suggest that when the overconfidence level of an
overconfident supply chain member is below a certain threshold, the absolute value of
profits” increase resulting from the overconfidence of the other supply chain member is
greater than the absolute value of the profits” decrease for the overconfident supply chain
member. Moreover, the RS contract has a compensatory effect on the profit-loss suffered
from overconfidence when the supplier’s bargaining power is low. Second, by analyzing
the effects of both exogenous RS proportions and overconfidence on the optimal outcome,
our study provides a theoretical basis for supply chain members to understand the effects
of revenue-sharing contracts and overconfidence on innovation performance.

The rest of the paper is organized as follows. Section 2 reviews the relevant literature.
Section 3 presents the model description and basic assumptions. Section 4 provides the
results from a game model analysis. Section 5 discusses conclusions and directions for
further research.

2. Literature Review
2.1. Innovation Incentive Contracts in Supply Chains

Prior research on supply chain innovation incentive contracts has focused on in-
centivizing upstream green innovation (Yenipazarli 2017; Liu et al. 2020), and incentive
mechanism design between upstream and downstream supply chain members (Aydin and
Parker 2018; Yu et al. 2021). Among them, some studies have paid attention to innovation
in upstream key components. In the context of upstream suppliers” innovation of key
components that can improve performance of the final product, Wang and Shin (2015)
analyze the impact of three types of contracts—wholesale price contract, quality-dependent
wholesale price contract and RS contract—on coordination of the supply chain, and their
findings suggest that RS contracts can play a role in coordinating the supply chain. After
comparing RS and investment-sharing contracts in a supply chain consisting of a finan-
cially constrained upstream start-up supplier that has invested in quality innovations and
a downstream manufacturer that is facing demand uncertainty, Xing et al. (2022) provide a
reference for the manufacturer on which contract to choose in which situation. Based on a
supply chain setting between automobile manufacturers (marketers) and battery manufac-
turers (innovators), Yu et al. (2021) analyze four types of R&D co-operation contracts in
the R&D and sales phases, including two vertical co-operation models of revenue-sharing
contracts and fixed R&D payment fees, as well as two types of co-development contracts in
which the marketer is in charge of the sales phase, or the innovator is in charge of the sales
phase. Based on analysis of the impact of demand uncertainty on supply chain innovation
investment decisions, Liu et al. (2023) suggest that centralized decision-making has the
highest investment efficiency and better value of investment choices, and that volume
discount contracts are preferred when market volatility is high. Focusing on comparing
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the differences between various contracts in innovation promotion, these prior studies
have provided valuable insights by showing that revenue-sharing contracts can indeed
incentivize upstream suppliers to innovate in R&D. Building on these studies, our study
focuses on revenue-sharing contracts and examines the effect of overconfidence as one of
the common cognitive biases of decision makers on collaborative innovation of supply
chain members.

2.2. Overconfidence in Supply Chains

The second stream of relevant research is the issue of overconfidence in supply chains.
When making R&D decisions, or operational decisions such as production volume and
wholesale price, supply chain members tend to have several behavioral characteristics, of
which overconfidence is a common one and an important cause of biased decision-making.
Based on a review of more than 600 papers (Moore and Healy 2008; Moore and Schatz 2017)
on overconfidence, Moore and associates classified three types of overconfidence: over-
precision—people believe that they are more accurate in making predictions about what is
actually going on (Li 2019); over-positioning—people believe that they have above-average
abilities; and overestimation—people usually overestimate their actual abilities, behaviors,
level of control and likelihood of success (Li 2019). The existing literature in operations
management research mainly focuses on over-precision and overestimation. Over-precision
is usually portrayed as the expected distribution of market demand having the same mean
as the actual value but lower variance (Kirshner and Shao 2019; Li 2019; Ren and Croson
2013). Overestimation means that the mean of the expected market demand distribution is
larger than the actual value (Ren and Croson 2013). Corporate decision makers are more
prone to overconfidence in overestimating the benefits generated from R&D and innovation
investments in the supply chain. For example, Apple’s founder Steve Jobs was happy to
overestimate the expected benefits of uncertainty associated with new technologies.

A study by Hirshleifer et al. (2012) finds that decision makers who overestimate the
benefits from an innovation project tend to invest more in the firm’s innovation projects.
In their study investigating how overconfidence with regard to overestimation of a firm'’s
decision makers in a supply chain affects the decisions of other firms in the chain, Nelson
and Schwartz (2019) found that overestimation of demand by downstream customer
firms led to increased investment by upstream suppliers. Through an empirical study
in the context of durable goods manufacturing and high technology barrier industries,
Phua et al. (2018) suggested that the overestimated overconfidence of decision makers of
downstream manufacturers can attract more suppliers and encourage suppliers to make
R&D investments. Tang et al. (2015) showed that the tendency of decision makers to
evaluate firms as higher than the actual situation of the firms, i.e., to overestimate the
expected firm performance, can positively influence the innovation activities of firms, but
the strength of the influence is contingent on the external environment. In their research
on overconfidence of the supply chain members, Xiao et al. (2020) have analyzed the
implications of retailers’ equity concerns and manufacturers’ overconfidence for sustainable
two-phase supply chains, and they suggest that RS contracts are the most lucrative of the
three types of decentralized contract. Du et al. (2021) analyzed which of either the wholesale
price contract or the cost-sharing contract is able to provide a better incentive for upstream
suppliers to innovate when the manufacturer overestimates the ability of innovation to
increase demand, and found that the wholesale price contract is not favorable to supplier
innovation. They also found that the cost-sharing contract is more favorable to supplier
innovation than the centralized decision-making model. Wang et al. (2022) built a two-tier
logistics service supply chain consisting of logistics service providers and logistics service
integrators, analyzing the impact of logistics service integrators” overconfidence on the
innovation of green logistics service products and proposing an incentive contract of “green
subsidy and loss sharing”. Hao et al. (2023) examined the effect of overconfidence in one or
both partners on inventory responsibility allocation and profitability.
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Among the above studies on overestimated overconfidence, the studies completed
by Xiao et al. (2020), Du et al. (2021), Wang et al. (2022), and Hao et al. (2023) are more
relevant to the topic examined in this paper. Hao et al. (2023) examined the impact of
overconfidence on the allocation of inventory responsibility on both sides of the supply
chain, in contrast to this paper’s focus on promoting innovation in upstream suppliers.
Xiao et al. (2020), Du et al. (2021), and Wang et al. (2022) focused on overconfidence on one
side of the supply chain, but have not explored the interactive effects of overconfidence on
the decision-making of each member of the supply chain. In particular, given its focus on
revenue-sharing contracts, the study by Xiao et al. (2020) is highly valuable to our study.
Extending the study by Xiao et al., our paper further explores the situation where bilateral
bargaining models determine revenue-sharing proportions. This unique focus of our study
enables us to generate some new research findings. For example, our study suggests that
overconfidence of a supplier (manufacturer) damages its own profits but increases the
profits of the manufacturer (supplier), and that when the degree of overconfidence is under
a certain threshold, the value of the damage to its own profits is smaller than the value of
the increase to the other side’s profits, resulting in pure benefits for the whole supply chain.

3. Model Description and Basic Assumptions

In this section, we first present the basic assumptions for the game modeling analysis,
which is followed by a description of the four steps for the sequence of the game. Then,
we define and discuss the equations used for decision objectives. Finally, we provide a
detailed description of the notations used in the game analysis.

The research setting for this study is a supply chain consisting of a single supplier and
single manufacturer. The basic assumptions are stated as: both supply partners could be or
would not be overconfident, the supplier is a Stackelberg leader responsible for the R&D
and production of the key components, and the manufacturer is a follower responsible for
the manufacturing and sales of products. After the supplier’s R&D on key components,
in addition to the one-off R&D costs invested upfront, it is assumed that the unit cost of
production of key components increases as the level of R&D investment increases. In order
to better coordinate the R&D inputs of key components from upstream and downstream of
the supply chain, the supplier and the manufacturer share the sales revenue through an RS
contract. The game sequence includes four steps, which are shown in Figure 1.

Negotiation
between the two
parties to
determine the
proportion of Supplier Supplier determines  Manufacturer determines
revenue sharing determinesthatI.  that w. q.
¢ . I I ‘
Step 1 Step 2 Step 3 Step 4 Achieving profit

equilibrium
Figure 1. Sequence of the game.

Step 1: Supplier and manufacturer negotiate to determine the percentage of RS to be
received by the supplier ¢ (0 < ¢ < 1). In this paper, bargaining power is defined as the
effect of the profits that each of the cooperative firms can make from the co-operation on
the parties’ bargaining objective function (Feng and Lu 2013). The greater the bargaining
power of a party, the greater the impact of its profits on the bargaining objective function.
We denote the supplier’s bargaining power by 7 (y € [0, 1]), the manufacturer’s bargaining
power by 1 — 1, and the manufacturer’s (supplier’s) full bargaining power by v = 0 (y = 1).
v = 1/2 indicates that the parties have equal bargaining power.
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Step 2: The supplier determines the level of R&D inputs in key components I; in
order to characterize the incremental marginal cost, the R&D investment is in the form of a
quadratic; the amount of R&D investment is M = KI 2 where the R&D coefficient is K > 0
(Chen et al. 2019). Let the production cost per unit of key components be ¢ = c¢g + J1, cg
denoting the production cost per unit of key components when no R&D in-puts are made,
and for simplicity of the model, it is set to 0, so that ¢ = I (Chen et al. 2019). § denotes the
effect of the level of R&D inputs on unit production costs.

Step 3: The supplier determines the wholesale price of key components based on
previous inputs. It is worth noting that since Step 2 and Step 3 are consecutive decisions
made by the supplier, simultaneous or sequential decisions in Step 2 and Step 3 do not
affect the equilibrium outcome of the game.

Step 4: The manufacturer acts as a follower and determines the volume of product
to be produced based on the overall decisions of the supplier (Li and Zhao 2022; Lin et al.
2014; Niu et al. 2019). The manufacturer’s unit assembly costs are not taken into account;
when unit assembly costs are positive, this portion can be considered in the unit production
costs of the supplier’s components (Li and Zhao 2022).

R&D investment in components can improve product performance, and customers are
willing to pay a higher price for products with better performance: for example, the high-
end industrial mother machine loaded with Huazhong 9, a new generation of intellectual
CNC system developed by Huazhong CNC, has been received favorably by customers. We
allow the manufacturer’s inverse demand function to be p = a — g + BI (Feng and Lu 2013;
Xie et al. 2021), where p is the selling price of the product, a is the maximum selling price of
the product without R&D investment in key components, B is the coefficient of influence
of the level of R&D investment in key components on the selling price of the product,
and in order to ensure economic feasibility, we have B > § > 0. In addition, market
acceptance of technological performance improvements resulting from Ré&D investments
is characteristically uncertain. Assuming a continuous random variable B on the interval
with mean B, variance ¢, cumulative distribution function F(B) and probability density
function f(B) (Du et al. 2021), we have 0 < 6 < B < B < B.

In this paper, overconfidence is defined as an overestimation of one’s own ability or
results (overestimation), which manifests in the form of an overestimation of the impact
of the level of R&D investment in key components on the selling price of a product, with
the mean value of B (the investment) being higher than its actual mean value . Both the
manufacturer and the supplier tend to be overconfident, and the decision objectives of both
supply chain partners are stated as:

-B+eg
maxE(Us,;) = (w; — 61:)q; + /B+s ¢i(a —g;+ BI; )qif (B)dB — KI;? M
B+ten
H}ﬁXE(Um,i) = /BJre qi-(a—q;i+BL) (1—¢;)f(B)dB — w;q; 2)

In the above equations, €5 () is the overconfidence coefficient of the supplier (manu-
facturer); in this case, the mean value B of the supplier’s (manufacturer’s) perception is
(B + &), and the variance is ¢?. The supplier and the manufacturer differ in their level of
overconfidence in the impact of the level of R&D investment in key components on the
selling price of the product; they can be aware of the level of overconfidence of the other
party, but they do not update their own level of overconfidence based on the level of over-
confidence of the other party that they have learnt in the game. There can be four models:
SM (both the supplier and manufacturer are overconfident, in this case, €;,&, > 0); SN
(only the supplier is overconfident, in this case, &; > 0, ¢, = 0); NM (only the manufacturer
is overconfident, in this case, ¢ = 0, ¢, > 0); and NN (there is no overconfidence on both
sides, in this case, &5 = 0,¢,;, = 0). E(U,;) and E(U,,;) denote the expectations of the utility
functions of the supplier and the manufacturer, respectively. The supplier and the manu-
facturer use Equations (1) and (2) as decision functions, respectively. Solution of the game
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modelling is achieved by using the traditional inverse solution method. The procedure
for the game modelling process is given as: First, from the perspective of the supplier as
the leader in the supply chain relationship, we determine the response function q with
respect to w and I of the manufacturer as the follower in the supply chain, substituting this
response function q in the utility function for the supplier. Then, we achieve the values of
wholesale price w and innovation level I for the supplier simultaneously. Finally, based
on the decision made by the supplier regarding w and I, the manufacturer determines the
sales volume 4. The exact solution procedure is detailed in the proof following Lemma 4.

In addition, with Equations (1) and (2) as the decision objectives, the profit function
for each side is:

maxE(1L;,;) = (w; — 0L;)q; + /BB ¢i(a — q; + BI; )q;f (B)dB — KI? ®)
B
H}I?XE(Hm,i> = /B qi-(a—q;i+BL) (1—¢;)f(B)dB — wjq; 4)

In the above equations, E(I1;;) and E(I1,, ;) represent the expectations of the profit
function of supplier and manufacturer, respectively. We denote the supply chain profit by
Il; i = NN, SN, NM, SM).

The descriptions of the notations appearing in this paper are shown in Table 1.

Table 1. Notations.

Notations

Description

C;Ep:lxq,\,mh‘mgmé‘" A0S w 8 ~x

Superscript

i

Sales volume = Production volume
Level of R&D inputs in key components
Unit component wholesale price of supplier
Selling price of the product
The percentage of RS to be received by the supplier
Supplier’s bargaining power
Maximum selling price of the product without R&D investment
Overconfidence coefficient of the supplier
Overconfidence coefficient of the manufacturer
Mean value of B
Production cost per unit of key components
Coefficient of influence of the level of R&D inputs on the selling price
Variances of B
R&D coefficient
Profit in the supplier under model i
Profit in the manufacturer under model i
Profit in the supply chain under model i
Decision objectives

The i represents the four models : no overconfidence on both sides (NN),
only the supplier is overconfident (SN), only the manufacturer is overconfident (NM),
and both the supplier and manufacturer are overconfident (SM).

4. Model Analysis

This section models the tendency of both the manufacturer and the supplier to be
overconfident about the impact of the level of R&D inputs in key components on the selling
price of the product. We focus on analyzing the impact of the model’s main inputs (the
revenue-sharing proportion and the coefficient of overconfidence) on the outcomes: the
level of R&D inputs, the volume of production, the wholesale price, and the profit. The
optimal solution is denoted by *.

Under the conditions K > 1[]%/[4(2 — 4))], em € (0,emnmmax), € € (0,essnMmAax),
and when ey € (0,emsmsec), & € (0,&ssmmaxt), when ey € (€nsMSEG, EmNMMAX)
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€s € (€ssMSEG, Essmmaxz) (see the proof following Lemma 4 for the above conditions) and
when the income sharing ratio is exogenous, there are Lemmas 1-4.

Lemma 1. In Model SM, the optimal wholesale price is wsp. = (Y1p(B— 26 + em) — P2¢*+
(W + em) +4K(1 — ¢)) (1 — ¢)a/ Oy, the optimal level of RED is Ispr = a(Pp — Y1 +€m) /O,
the optimal production volume is ggpy. = 2Ka/®, the optimal profits of the two firms are Il sy =
2Ka*(1 = @) (em(Py1 — y2) — &3, +2K) /O] and Tlsspr. = a*K(1(3es — em)§” + 20 (1 — &)
(2 +€m) — B(B — 26 + 2e) + 4K(2 — ¢)) /@2, and the total profit of the supply chain is T1gpg, =
Hm,SM* =+ Hs,SM*'

Lemma 2. In Model SN, the optimal wholesale price is wgn. = (0o — Ppes(Pes + p —20)+
4K(1—¢))(1 — ¢)a/©1, the optimal level of RED is Isn. = a(¢pes + )/ O, the optimal
production volume is qsn. = 2Ka/®q, the optimal profits of the two firms are 11, N« =
4K2a%(1— ¢) /07, I sn. = aK(4K (2 — ¢) — des(3es + 4pp) — 3 )/ ©3, and the total profit
of the supply chain is Ilgn, = IL, snw + 115 s

Lemma 3. In Model NM, the optimal wholesale price is Wyt = (em(B — 25 + em)p — p?e2, +
(P2 + em) +4K(1 — ¢))(1 — ¢p)a/ Oy, the optimal level of R&D is Inye = P2 + em(1 —
$)]/©4, the optimal production volume is . = 2Ka/©4, the optimal profits of the two firms
are Iy s = 20°K(2K — €2,(1 — @) — emtpn) (1 — ¢) /O3, IL ymie = a2K /@y, and the total
profit of the supply chain is Inpyre = Ty s 4 s Nats

Lemma 4. In Model NN, the optimal wholesale price is wyn« = [4K(1 — 4))2 +(1—¢)oynla/0Oq,
the optimal level of R&D is Inn« = ayp/©4, the optimal production volume is qnn. = 2Ka /01,
the optimal profits of the two firms are IL, nNx = 4K2a?(1 — ¢) /@3, Iy Ny« = a*K /@, and
the total profit of the supply chain is IInN« = Iy NN« + Tl NNs-

In the above equation ;1 = &y, — &, Yo = B — 6, O = 8K — 29> — 2[ihpes — €3, —
(o — €s5)em + 2K]¢p — £, — 2em — l[)%, there are ¢, > 0, &5 > 0 in model SM’ ©4, there are
e = 0,e5 > 0,in Model SN’ @1, there are ¢, > 0, ¢ = 0 in Model NM’ ©4, and there are
em = 0,e5 = 0in Model NN’ @;.

Proof of Lemmas 1-4. The solution by inverse induction is obtained by taking the deriva-
tive of Equation (2) with respect to g; and making it equal to zero:

The solution by inverse induction is obtained by taking the derivative of Equation (2) with

2 .
respect to g; and setting it equal to zero: q; = (ﬁ+s’2">1+a - 2.(11"_4,), 2 E;;m,,) =-2(1-¢) <0,
therefore, g; is an extreme value solution. Substituting into Equatilon (1) and taking the
derivatives of Equation (1) with respect to w and I to make them equal to 0, we obtain

2
w, and I. Hessian matrices H(E(IL,;(w,1))) = [ B 47_)[5;4({)]&?{”[2(1/?8_5]4;)[2](1 — )
7425812 e ot -2 | gm0 )

is significantly less than 0; second-order leading minor is H(E(IL,,;(w,I))),, = ©1/[4(1 — 0.
To ensure that Equation (1) is strictly concave with respect to w and I, it is necessary to en-
sure that H(E(IT,,;(w,I))),, is positive in all four models SM, SN, NM, and NN. Therefore,
K> ¢3/[42—¢)) em € (0,2VKR2—¢) —42)/ (1 = ¢), & € (0,(2\/K(2 = ¢) —42)/¢) and
em € (0, (—es¢p +2/K(2 — ¢) — ¢) /(1 — ¢)) must be satisfied at the same time. Substituting
w;, and I;, into g;, we obtain g;,, and substituting w;,, L, and ¢; into Equations (3) and (4),
we obtain I'l,, ;, and I'l; ;,. ©; > Ois constant. It is also necessary to ensure that I'l,, . > 0,
ITs sne > 0,115,514 > 0, IL, a1« > 0. After the constraints take the intersection, it is sufficient to
ensure that K > ¢2/[4(2 — ¢)], em € (0, &nmmax) [s sy« > 0to ensure], & € (0, essnmax)
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[[Tssn« > O to ensure], and when &, € (0,epsmseG), & € (0,essmmaxt) Mssmx > 0 to
ensure], and when &, € (,5MSEG, EmNMMAX), & € (0,esspmmax2) [Tly,sp« > 0 to ensure].

Where  epnmmax = (VU2 +8K(1—¢) — ) /2(1 — )],  essnmax =
(V22 +12K(2 — ¢) —292) /3¢, emsmsec = [/ ¥2* + K(36 — 24¢) — ]/2(3 — 2¢),
ssMMAX1 = [2¢em + \/(1 — ¢)%en? +292(1 — @)em + 22 + 12K(2 — §) — 242 — 2e,] /3¢,
and esspmiaxe = 2K — emtp2 — en®(1 — )]/ pem. O

4.1. Comparative Analysis

A comparison of Lemmas 1-4 leads to Corollaries 1-4.

Corollary 1. Ispyr. > Isn«(INps) > INNw» GsMx > GsN+(GNM+) > GNNw Wsms > WsN (WNM+)
> WNN« When & > €51, Isns > INMsw SN+ > GNMs, When & < €51, Isne < INMwr Gsns <
GNMs if and only if €5 > egp and Hy > 0, wony > W otherwise s > WsN«-

aem (1) (2 (P2 -+em) +4K(2—) —esip1¢”+ ((es —P2)em+2y2e5) )
(4K(2—9)— (Pr¢—2—em)”) (4K(2—9) — (ges+¢2)?)
ages (1-9)?e3 +(1—¢) (Pes+22)em+ (aes—4K)P-+1° +8K)

Proof. Isprs — Isnxe = > 0, Isp« —

I pu—

NMx (<—¢12¢2+2(s%,,+(¢z—ss)8m—¢zss—2I<)¢—s%,,—2r/}zem—(¢22+8I<)(gK(Z—fp)—(1)—¢)2s%n—2¢z(1—¢)8m—wzz))
o _ ages (Paes+in”+4K(2—¢)

> 0 e = Inve = me g rop) g Ee 9

_ aem (P2 (1-¢) (Yo +em(1—¢))+4K(2—¢) (1—-9)) >
(4K (2—¢)— (2+em(1—¢))7) (4K(2—) —1h?)
2Kaen (2pr+em—(em—2¢5)9) (1—¢)
(P91 (em (1—)-+es+2-tem) —em> —24nem— o +4K(2—)) (4K(2—) —Pes (pes+2¢2) —2?)
. 2Kages (2e (1—¢)+Pes+2)
GsMe = ANM: (4I<<zf¢>(f<¢1¢f¢)rsm>2)(41<<zf¢)f<wz—¢em+sm)2)
2Kages(Ppes+2¢
5N« NN« (K@)~ (peot2)7) (AK(2—9)—927)
aen (1=0) (pes+pa) O—¢(Bres)) (gesto+en(1=¢)) +(4(1=9) (B> +¢es—0p+(2Prenm) A=9)DK) o o o
(4K(2—¢)— (gestr-+em(1-9))) (4K (2—)— (g2t 42)°) 7 TSMx
_ aem((estip2) (1-¢) (5—¢(Btes)) (fes+ipotem(1—¢)) +4(1—¢) (B> +¢es —P(0+em) +2B(1—¢) +em)K) >
G i S R
apes(1— 2 (PEs 2) €5 — _
(4K@9) (9o 192 ) 4K ¢)g7) O ONMx T DN
agy (4(1—¢) (B> —0¢p+(1—9) (2B+em) ) K—(1—9) 2 (Bp—0) (1—¢)em+12))
(4K(2=)— (1-)en-+92)?) (4K(2—4) —42?)

€1, &1 = w 0r €5 = — (ﬁ_(s)(ﬁ(;(i;tsﬁg:zgi:;m(zﬂp) < 0 (discard). When qsns — gnms = 0,
_ 2ppten(1=¢)

Inms — INNs 0, gsms — gsn« =

> 0,

> 0,

0, Wspw — WsN« =

WNM=x

0, Wsnx — WNNx =

> 0, when Isny — Inpms = 0, &5 =

€ = €101 & = — = —p—— (discard). When &5 > €41, we have Isny > INMws GSNs > INMs-
—4(Bp—26)K m(1— m m—20em)—/H
When WsNx = WNMx, We have €5 = €52, € = (bp-20) Jr(wz;?i[((,(gilz‘(lglz)?izisf])Z);ﬁg Em) \/7]/

Hy = B (2 +en(1—¢))* + <64(4> —1)é, + (64(2B + 8)p — 2B — 64B¢? ) em + 16(Bp — 25)2)1@
—8(B2¢ + 2Bpem — 285 — ABewm — 206w — 262) (2 + em(1 — §))°K
es > e and Hy > 0, Wgns« > WNMx-

where

, only if

In order to observe the relationship Isy. with Inps, gsn« With gy, and wgy, with
wn M+« more clearly, we conducted a numerical analysis. Referring to the simulation data
in the work of Du et al. (2021) and Xiao et al. (2020), the basic parameter values of the
numerical experiments are set as follows: 4 =3,K=05,c=2,=0.7,0 =0.3,¢ = 0.2,
which satisfy the four modeling conditions as well as the basic common-sense conditions,
eg.,p; —wi >0, II; >0,,q; > 0,and so on.

Andset a =3,K=05,c=2,=0.7,0 =0.3,¢ = 0.2. The boundary line between
Isn« and INpx, Gsns and gnmx is the same as 57 = 4¢y,. The relationship between wgy,
and wnpm« When ©q > 0 we have 0 < Em < 0.073, and

5771/ (em~+2.13) (€ +1.40) (€, —0.07) (5, —0.92) —2.58—0.48¢2, —0.80¢

€2 = 0.8¢2,40.96e, —1.72
Table 2. Under this numerical assumption, in order to ensure that Lemmas 1-4 are es-

tablished, there are ¢,,,nppax= 0.895, essnmax = 4.184, €,,50msEc = 0.687, esspmpmaxi =

under this condition, see
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—2.667¢ + 1.6671/0.64em2 + 0.64ey + 10.96 — 1.333, essmmaxe = 5(—0.8em? — 0.dem +
1)/em-

Table 2. Effects of changes in €5 and ¢, on the size relationships of I and w in models SN and NM.

Variable £5=0.10 £5=0.45 £5=0.80
em = 0.05 (At this
I point eq1 = 0.20) Isne = 0.368 < Inms = 0.388 Isne = 0.438 > Inyumy = 0.388 Isne = 0.511 > Inyumy = 0.388
’* em = 0.09 (At this
point g1 = 0.36) Isne = 0.368 < Iyyms = 0419 Isne = 0.438 > Iyymy = 0419 Isne = 0.511 > Inyymy = 0419
e = 0.05 (At this
Gix point €51 = 0.20) qsnx = 0.876 < gnm« = 0.881 qsnx = 0.892 > gnpm. = 0.881 qsnx = 0.913 > gnpm = 0.881

em = 0.09 (At this
point €51 = 0.36)

sns = 0.876 < gt = 0.888 Gsns = 0.892 > gy, = 0.888 Gsns = 0.913 > gy, = 0.888

Wi

em = 0.01 (At this
point g5, = 0.11)
em = 0.05 (At this
point £, = 0.70)
em = 0.09 (At this

point there is no &)

Wens = 1.204 < wypms = 1205  wene = 1216 > wyme = 1205 won. = 1.226 > Wy = 1.205

wsny = 1.204 < wypme = 1.223 wsny = 1.216 < wypme = 1.223 wsnx = 1.226 > wype = 1.223

wonx = 1.204 < wnpms = 1.244 wenx = 1.216 < wnpms = 1.244 wonx = 1.226 < wnpmx = 1.244

From Corollary 1, among the four models, the optimal wholesale price w, optimal level
of R&D inputs I, and optimal production volume g are the highest when both the supplier
and the manufacturer are overconfident (Model SM); the optimal wholesale price w, optimal
level of R&D inputs I, and optimal production volume g are the lowest when neither the
supplier nor the manufacturer is overconfident (Model NN); and the optimal wholesale
price w, optimal level of R&D inputs I, and optimal production volume g are between
models SM and NN for the supplier-only or manufacturer-only overconfidence (Model
SN or Model NM). The optimal wholesale price w, optimal level of R&D inputs I, and
optimal production volume g for the case where only the supplier or only the manufacturer
is overconfident (Model SN or Model NM) are set between Model SM and Model NN. This
suggests that overestimation of the impact of the level of R&D inputs in key components
on the selling price of the product by either the supplier or the manufacturer leads to an
increase in the optimal wholesale price w, optimal level of R&D inputs I, and optimal
production volume g. When both overestimate the impact of the level of R&D inputs on
the selling price of key components, the impacts are superimposed so that the optimal
wholesale price w, the optimal level of R&D inputs I, and the optimal production volume g
are the highest.

From Corollary 1 and Table 2, it can be seen that when the overconfidence coefficient
€5 in Model SN satisfies the relationship &5 > &4 with the one ¢, in Model NM, the level
of R&D inputs and production volume of the formulation in Model SN will be higher than
that in Model NM, and in the reverse case, it will be lower. The overconfidence coefficient
€5 in Model SN satisfies the relationship H; > 0 (i.e., &5 is smaller) with the one ¢, in
Model NM, and when &5 > g, the wholesale price of key components formulated in
Model SN will be higher than that formulated in Model NM, and vice versa. These findings
suggest that, in business practice, suppliers that develop and produce key components,
such as General Motors which produces aero-engines, should be more likely to encourage
their customers to be optimistic about the components they produce, as their customers’
overconfidence is more likely than their own overconfidence to contribute to the volume of
component production and the level of innovation.

Corollary 2. IT;; snv > Tl nNs > Tl nvss Tl sne > Ty spe > Ty Nvss when e > €401,
1_[m,NN* > Hm,SM*/ when e < Epp1, 1_[m,SM* > 1_[111,NN*~
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4K%a% (1-)ges (8(2—9) (Pes+242 ) K—(pes +292) (97l +2¢aes +2¢2% ) )
(4K(2—9)—ges (ges+292) —92?)” (4K (2—¢p) — )
202K(1—¢)em ( 16(2 = ¢)((y2 — &)+ em) K> + (21~ ¢>4“‘s?n +8(1— ) poel, — >
492* (1= ¢) (1 + P)em — 892°)K + 9o (2 + (1 — P)em)

(4K(29)—922)? (4K(2—9) (o bem(1—9c))?)

2((1-¢)e3,+1prem—2K )a?(1—-¢)K
(2t (1-9)em)? +4K(9-2))”
16(2 = ) (¢%es + (em(1 = @) = )+ ) K + (2(1 = 9)'65, +8(1 = 9)* (pes+ >
Y2)eh —4(1= ) (@ +1) (98 +92)’en)K + (pes +92) (Pes + 92 +en(1-9) ) _ o |
2 7 . Let

(4K(2=9)~ (pest+en(1-))°) " (4K (2—9)— (pes+pa+em(1-9))?)
IT,, NN+ = T sMx, after multiplication cross, shifting to the left side of the equation gives

—2K(1 — ¢)*ed, — 8K(1 — §)°(Pes + ¥2)e, + (—16(2 — ¢p)K2 + 12462 + 1265 (290 — £5) >+

APy (o — 6e5)p + 42K — o*) (1 — ¢)e2, + (8K¢Pe2 + 8K (2esyhy — €2 + 2K)p? — 16K(2K+

estfa)d + 27 (8K — 7)) (Pes + ) em + 2Kepes (Pes + 242) (8(2 — )K — esp(es +24p2) — 2¢2%)

let H, be equal to the above equation. Since e > 0, when e, = 0, s0 Hy = 2K¢pes(pes + 212)
(8(2 — p)K — esp(¢pes + 2¢2) — 2¢%) > 0, and when ¢, = &5 = K, Hy = —K(2K* + (16¢*
+8¢y — 489 +32) K% + (442 (29> + 497 — 2 — 89)) K> + 12° (8 — 8+ ¢2)K +92°) < 0,
so there must exist a point &5 with respect to €, = ¢,,; which makes 77, sp14 — 7T, NN+ = 0.
O

Proof. Hm,SN* — Hm,NN* = > 0,

ILy NN« — Ty NMs =

> Or I—[m,SM>|< - I—[m,NM* -

> 0, 1_Im,SN>k - Hm,SM* =

2Ka? (1—¢)em <

In order to observe the relationship between I, xn« with I, s more clearly, we
make a graph, see Figure 2a, with the same parameter values as above s = 3, K = 0.5,
c=2,8=07 6=03¢=02.

(a) (b)

Figure 2. Effect of changes in &5 and €, on the relationship between profit size in Models NN and SM.
(a) The effect of changes in &5 and &;; on the relationship between 77, NN+ and 77, g1, size. (b) The
effect &5 of £, changes in and on the relationship between IT; N+ and I spy, size.

Corollary 2 compares the profitability of the manufacturer in the four models, where
supplier overconfidence alone must increase the manufacturer’s profitability and manu-
facturer overconfidence alone must reduce the manufacturer’s profitability compared to
neither model (overestimating the impact of the level of R&D inputs in key components on
the selling price of the product). The manufacturer’s profits are higher when the supplier
is overconfident than when only the manufacturer is overconfident. The manufacturer’s
profits will be higher when only the supplier is overconfident compared to when both
are overconfident. Corollary 2 illustrates that manufacturer overconfidence decreases the
manufacturer’s profits because the manufacturer overestimates the impact of the level of
R&D inputs in key components on the selling price of the product and makes decisions
accordingly, but does not actually achieve this utility, thus harming its own profits. The
supplier’s overconfidence leads the supplier to set higher levels of R&D inputs for key
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components, which increases customer acceptance, which in turn leads the manufacturer
to produce more products, and therefore increases the manufacturer’s profits.

When manufacturer’s and supplier’s overconfidence act at the same time, the ef-
fects of both will be superimposed, see Corollary 2 and Figure 2a. The relationship be-
tween manufacturer’s and supplier’s overconfidence satisfies the condition &, > €,
IT, NN+ > TLy spms and vice versa I, nn« < I, sprs. This is because when the manufac-
turer’s overconfidence is greater than the supplier’s overconfidence, the manufacturer’s
overconfidence dominates the manufacturer’s own profit reduction, resulting in a lower
I, spm« compared to I1, yn«. When the manufacturer’s overconfidence is small com-
pared to the supplier’s overconfidence, the supplier’s overconfidence plays a dominant
role in increasing the manufacturer’s profits, resulting in I, 51, being higher compared
to Hm,N Nx-

Corollary 3. HS,NM* > Hs,NN* > HS,SN*/ HS,NM* > HS,SM* > Hs,SN*- When e, >
81112/1—[5,SM* > Hs,NN*; when e < €pp, HS,NN* > ITS,SM*'

a®Ke (1—-¢) (22 +em (1—9)) > 0
(4K(2=9)— (¥atem(1-9))*) (4K (2-9) —9?) ’
A Kp?e2((ges+po) (g5 +3¢2) +4K(2—¢))
(4K(2—)—122) (4K(2—9) —(pes+12)°)

CRPEEKQ2 Q) (pestiptem(1-9))(@es 392130 -9)en)) o
(4K(2=9)~ ($2+em(1-9))° ) (4K(2~9)~ (gespo+em(1-¢))°)
a?Kem (1= 9)(16(2 — ¢)* (242 + em (1 — §))K2 + 42 = 9) (¢ — 1)°), — 4(9 — 1) (¢es + $2) €l —
2(¢s + 92) (5es +392) (1 — P)ew — 4(Ppes + ¥2)* (2085 + 2))K + (95 + P2) (2 + € — P
+es) < (35%155 — 9epel + 88‘:’)(]73 + ((1/12 — 6e5)e2, — 3(4y — 3es)esem + 188§¢2)¢2 + ((—2yo+ >)
s 3es)e2, — 3o (1P — des)em + 12e522)p + (202 + em) W2 (P2 + €m)
((8—49)K—(pesparem(1-))2) " ((8—4p)K—(pest2)?)”
Let I'ly N+ = IL5 51+, after multiplication cross, shifting to the left side of the equation yields
~@K(1— )*e}, — 40°K(1 — 9)* (s + 2)e, + @K (1 — p)* (—6esp(pes +24p2) — 5” + 8K —4Kp)er, +20°K(1— 1 ot Ff
¢) (82 — 4py2) K — 2ecp(des + o) (s +242) — $2°)em — Ka?p?el (8 — 49)K + ecp(es +442) +342%) - 3
be equal to the above equation, since ¢5 > 0, when e,, = 0, H3 = —Ka?¢?e2((8 — 4¢)K+
K

Proof. I nms — Tls NN+

HS,NN* - HS,SN* = O/ Hs,NM* - HS,SM* -

Hs,SM* - IIs,SN* -

> 0.

esp(Pes + 4pp) + 3¢p?) < 0; when & = 105+ €m = K,
_ a2(999—100)* 5 , a(100—99¢)((10100—98011;)¢p>+ (19800, —30200)p—100004,+20000) . 4

th 2 (— 1000 9£<200+ 8000045000045 — 2400009-+ 160000 £ s0
L 224920307t ¢¢2+10000¢ —500009,— ¢+ )x3 _ 2023 (1 — )K2 > 0

there must exist a point e; with respect to e, = ¢, such that I'l; spr. — Il yn« = 0. In
order to observe the relationship between I1; yn« and I spr more clearly, we make a
graph, see Figure 2b, with the same parameter values as abovea = 3, K = 0.5,¢c = 2,
=07 0=034¢=02 010

Corollary 3 compares the profitability of the supplier in the four models, where over-
confidence on the part of the manufacturer alone must increase the profitability of the
supplier, and overconfidence on the part of the supplier alone must harm the profitability of
the supplier, compared to neither model (overestimating the impact of the level of R&D in-
vestment in key components on the selling price of the product). Supplier profits are higher
when the manufacturer is overconfident than when only the supplier is overconfident.
Supplier profits will be higher when only the manufacturer is overconfident compared to
when both are overconfident. Corollary 3 shows that supplier overconfidence damages
supplier profits because the supplier overestimates the impact of the level of R&D inputs
in key components on the selling price of the product and makes a decision accordingly;
however, the manufacturer does not order as much as the supplier expects, thus damaging
the supplier’s profits. The manufacturer’s overconfidence may cause the manufacturer to
order more critical components, thus increasing the supplier’s profitability.

When the manufacturer’s overconfidence and supplier’s overconfidence act simul-
taneously, the effects of both will be superimposed, see Corollary 3 and Figure 2b. The
relationship between the manufacturer’s and supplier’s overconfidence satisfies the condi-
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tion €, > €2, Il spw > Iy« and vice versa Il yns > Tl sps. This is because when the
manufacturer’s overconfidence is larger than the supplier’s overconfidence, the manufac-
turer’s overconfidence plays a dominant role in increasing the supplier’s profit, resulting
in higher I sps. compared to IT; yn«. When the manufacturer’s overconfidence is smaller
than the supplier’s overconfidence, the supplier’s overconfidence plays a dominant role in
the supplier’s own damage, resulting in higher IT; yn. compared to I, s

Corollary 2 and Corollary 3 also provide a theoretical rationale for the fact that com-
panies employing more overconfident managers (e.g., Apple employs Steve Jobs, Gree
employs Dong Mingzhu) are more likely to secure upstream and downstream partners.

Corollary 4. essNMAX > EmNMMAX-

Proof.  esnMAX — Emnmmax =  [7¢¥2 + 2(1 — ¢)y/12K+12K(1 — ) + 22—
3¢+/8K(1 — ¢) + 2% — 49| /6¢(1 — ¢), obviously increases with increasing K, because
K >  ¢5/[4(2 — ¢)], substituting in gives eMAXSN+ — EmMAXNMs >

Bpa(1— /(4 -3¢)/(2—¢))]/6¢(1—¢) >0. O

Corollary 4 demonstrates that the maximum level of overconfidence of the supplier
in Model SN is higher than the maximum level of overconfidence of the manufacturer in
Model NM. Corollary 4 shows that an upstream supplier who is in the supply chain leader
position and develops and produces key components may choose aggressive managers to
make decisions for the firm. A downstream manufacturer that is a follower in the supply
chain and assembles the end product with key components should choose a conservative
decision maker for the decision-making process.

4.2. Sensitivity Analysis

To reveal more managerial insights, we analyze the effects of exogenous RS proportions
and overconfidence on the optimal outcome and obtain the following proposition:

Proposition 1. When 0 < ¢ < 1, 9g;./9¢ > 0, dl;,./9¢ > 0, dls ;, /9¢ > 0; when 0 < ¢ <
¢1,i, Ol ;, /0P >0, 1 < ¢ < 1; 0Ly, /0 < 0. 1,58 > P1,nN(P1,5M) > P1,NM-

Proof. 0g;,/0¢ = 4Ka(ipes+ 2K+ ¢e2 — (1 —¢)ed, + ((1—2¢)es — 2)em)/OF > 0,
OLix /3 = [~(1 = )6, + (1= §)(=3es — 29y + e0)eh, — esem (39 — pest g -
(49 — 2)92) — (P22 + 4K) e + ¢?€3 4 29Pre? + (22 + 8K) s + 4Kpy] L=
— 207K(—(em — 3es)p2°@° — 3> (—e, + (— 92 + 2e5)em + 295 +2K)¢* + (—3¢), —
azé'* = 6(y — €5)€3, + (362 + 1295 — 32 + 16K) €2, + (—6yne2 + 6(p22 — 2K) s + 8Kpa ) e — /O3, un-
(3¢2® + 8K) €3 — 12Kipres — 8K?)¢p + (2K — yoe — €3,) (8K — 4h2® — 24ppe — €3,)
der the constraints given in the text, dI1; ;, /d¢ is monotonically decreasing in ¢ € (0,1)
and dlls ;. /9¢ > 0,s0 9l ;, /0¢ > 0 is constant.

O7y,;, /0 = [2Ka’T]/©3 where ' = T1¢° + To¢? + T3¢ + Iy, [1 = —2epp13, Tp =
=31 2(2K — (Y2 + 2em — €5)em), T3 = (—8K2 + 4 (3, 4+ 2(2 — e5)em — es(o — 2¢5)) K —
6emp12(P2 +em)), Ta = 2(2% + €2, — 2oeym + 4¢poes) K — e (P + Sm)2(¢2 — 2e + 3¢5);
for the value of ®; see the proof after Lemma 4. Thus, we only need to determine the posi-
tivity or negativity of I'. Under the restriction, ¢ = 0,I > 0, ¢ =1, T < 0, there is one and

2
2 1
1<r§’ +12r1r3—4r§> V3412l T3 — <r53 +2r2>

only one root ¢;; = between ¢ € (0,1) where I's =

T
1213 Ty

—108T 4% + 36I3ILI + 12\@\/ 27T315 + (—181"31"21"1 + 4r§)r4 + 40 T3 — T3T3r, — 815
In the above equation, when i = NN, ¢, = ¢ = 0, wheni = SN, ¢, > 0, & = 0;
wheni = NM, ¢, = 0,& > 0; wheni = SM, ¢, > 0, & > 0. ¢158v — PN > 0,

P58 — P1,sm > 0, N — Pi,vm > 0, Pism — piam > 0, ¢1; > 0 holds under the
conditions that the values of K, ¢; and ¢,, are constant.
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We graphically analyze the impact of ¢ changes in the proportion of revenue-sharing

received by suppliers on Il ;, and I1,, ;,, as shown in Figure 3. I
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Figure 3. Impact of ¢ changes on I; ;, and I, ;, in each model (2 = 3, K = 05,c = 2,8 =07,

0 = 0.3). (a) Impact of ¢ changes on I,y and Iy, . (b) Impact of ¢ changes on I gy, and
ILy,sny (es = 0.2); (c) Impact of ¢ changes on Iy, and Iy, \ar. (€m = 0.2); (d) Impact of ¢
changes on Is g, and Iy, gpr, (€m = 02,65 = 0.2).

From Proposition 1, supplier profit I ;,, optimal level of R&D investment I, and
optimal production volume ¢ increase in the same way as the supplier’s share of RS ¢; in all
four models, the manufacturer’s profit increases and then decreases in the same way as the
supplier’s share of RS ¢. Evidently, a full revenue sharing with the supplier would lead to a
peak level of R&D investment and production of key components. However, it is difficult or
even impossible for a revenue sharing contract to achieve this optimal point because a full
revenue sharing with the supplier will be detrimental to the interests of the manufacturer.
More specifically, when the manufacturer’s profits under a revenue-sharing contract are
less than they would have been with no revenue-sharing contract, the manufacturer will
withdraw from the contract, and thus the RS contract cannot be formed at all.

Figure 3 verifies that I, ;, increases and then decreases as ¢. From Proposition 1
and Figure 3a—c, it can be observed that in comparison to the absence of overconfidence
in both, the manufacturer will be willing to share a larger proportion of profits with the
supplier for its own profit considerations when the supplier alone is overconfident, and the
proportion of profits that the manufacturer is willing to share a larger proportion of with the
supplier for its own profit considerations when the manufacturer alone is overconfident will
decrease. When both are overconfident (Figure 3d), the two effects will be superimposed,
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and the proportion of profit that the manufacturer is willing to share with the supplier for
the sake of its own profitability will be in the range between Models SN and NM.

Proposition 2. dgsn../des > 0, 0gspr./0es > 0,0Ign. /0es > 0,9Igps. /0es > 0,011, ¢y, /Oes >
O, aHmISM*/aes > 0, aHs,SN*/aes < 0, aHs,SM*/ass < O.

Proof. dqgsn./des = 4Kag(des + 1) /©F > 0, dqsn./des = 4Kap(¢pes + 12)/OF > 0,
Isnm/es = 4Kadp(Pr — 100 + €m)/OF >0, aISN*/aezs = (esp(Pes +2¢2) + ¢+
2 dl;s/des = ap[P1°¢° + (aP(Pr°¢” + (291 (em + ¢2) — 4K)p+
4K@2-¢))/61 > 0, €2, + 2nem + Yo + 8K))p + €2, + 2y + o> + 8K]/©2 > 0
Ol Ly, g,/ 0€s = 16K%a?¢p(1 — ¢) (des + 1) /O3 > 0,
My, 5y, /es = 2Ka? (1 = )P[3(1 — §)°e5, +6(9 — 1) (des + P2)eh, —
(3¢%e2 4 2(3¢paes + 2K) + 322 )y + 8K (pes + 92)] /@3 >0 7
Ol g, /0es = —2a>K¢p?es (39?2 + 6agpes + 31> +4K(2 — ¢)) /O3 < 0,
Ol L5 gy, /05 = —2a2Kp?es [3Y1 292 + 6agpes + 32, +
6em((1— @)ip2 — P19) +3¢p2” +4K(2 - ¢)]/©F <0
0qsns/ 0es = 4Kag(pr — P1¢p + em)/®{-2 >2 0, aISN*/EzaeSZ: ag (esp(Ppes + 2¢p) + P2+
2 ;. /des = ad[ip1°¢” + (ap(P1°9™ + (291 (em + ¢2) — 4K)p+
4K2=¢)/6 > 0, €2, + 2¢2em + P2 + 8K)) ¢ + €2, + 2yney + 2> + 8K] /@ >0
Ly, g,/ O€s = 16K2a2¢(1 — ¢) (des + 1) /O3 > 0,
My, 5. /es = 2KaP (1 = )P[3(1 = ¢)°€5, +6(9 — 1) (des + Po)eh, —
(3¢%e2 + 2(31poes + 2K) ¢ + 322 )y + 8K (es + )] /@3 >0 7
ol g, /0es = —2a2Kp2es (3¢2e2 + 6yagpes + 3o + 4K (2 — ¢)) /O3 < 0,
s, 5y, /Oes = —20°K¢Pes 39197 + 6ndpes +3en,+
6em((1— ¢) 2 — P1¢p) + 312> +4K(2 — ¢)]/©F <0

From Proposition 2, it can be seen that the optimal level of R&D investment, the
optimal production volume, and the manufacturer’s profit all increase with the supplier’s
overconfidence coefficient, but the supplier’s profit decreases with the supplier’s overconfi-
dence coefficient, in both Models SN and SM. Proposition 2 suggests that the supplier’s
overconfidence increases the supplier’s R&D investment in key components, which im-
proves the market acceptance of the product, which in turn motivates the manufacturer to
produce more products and increases the manufacturer’s profitability, but at the disadvan-
tage of the supplier’s profit.

Proposition 3. 9gnp./9em > 0, 99spr/0em > 0, OInps/0em > 0, dlgprs/0em > 0,
Ly, e/ 9€m < 0,011y gpr. /08 m < 0, 015 nppy /9€m > 0, 0L gpp, /O > 0.

Proof. 9qn./dem = 2aK(2(1 — ¢)%em +2yn(1 — ¢))/©2 > 0, 9gspr/dem = 2Ka(—2¢
P(1— @) +2(1— lew +2¢2(1—$))/OF > 0, dlnp. /e = [(1— )’ +4K(2 — ¢) +
P27 + 22 (1 — Plem] /O] > 0, dlswrs/em = [(¢es + (1 — p)em)(¢pes + 242 + (1= Pem) +
2 _ 2 ML, nage/Om = —20K(1 — ¢)(2(1 — ¢)’e5, +3(1—
v KR OlOT = O 8K (1~ g)en + a4 — 42)) /0 <0
L, 51,/ 9m = —2Ka* (1 — p)[ (67,1 + 391 (em + &) 2 + 4Ke)§? — (2em + &)1 °¢°+
((4K — 3tpoes) o — 3€2,(2em + 2yp — €5) — 8Key ) + 265, + 3yoe?, + 8Key — 3] /@3 <0
AL, oy, /Oes = a2K<2(1 — ) em +2(B—0)(1— ¢)) /@ >0, Alligy,/dem =
202K(1 — @) [(em — des) 129> — (35, + (Bypp — 12¢5)e2, + (9e2 — 12e41pp—
4K)ey + Ipoe?)p* — (—3e, + 6(es — Po)e2, + (6(B —2e5)0 — 3(6* + B2)+ /O3 >0. O
12658 4 12K)e + 292 (3yoes + 2K) ) + (8K — 9o® — 2eptpn — €2)) (2 + &)

It can be seen from Proposition 3 that the optimal level of R&D investment, the optimal
production volume, and the manufacturer’s profit increase with the manufacturer’s coeffi-
cient of overconfidence, but the manufacturer’s profit decreases with the manufacturer’s
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coefficient of overconfidence, in both Models NM and SM. Propositions 1-3 provide another
explanation as to why the optimal level of R&D input and optimal production volume
are largest in Model SM among the four models, and why the supplier’s (manufacturer’s)
profit is largest when only the manufacturer (supplier) is overconfident, and smallest when
only the supplier (manufacturer) is overconfident. This is because the optimal level of R&D
investment and the optimal production volume increase with both the manufacturer’s
overconfidence coefficient and the supplier’s overconfidence coefficient. In addition, both
manufacturer/supplier profits are smaller than their own overconfidence and larger than
the other’s overconfidence.

Proposition 4. When 0 < &5 < e43, 01y, /0es > 0, when g3 < €5 < €spax, M Igns/0es < 0;
when 0 < e < €3, M INps /e > 0, when €3 < €4 < €max, LINMx/0€m < 0.

Proof. dl1gy, /des = 8a’¢pN;/ @?, Nj is a cubic function with respect to &5 and the coeffi-
cients of the cubic and quadratic terms of the primary term are negative, expression omitted,
when ¢ = 0, N; > 0, when ¢5 = 4K, N; > 0, when ¢, = 6K, N; < 0, when €5 = e5pax,
Nj < 0, thus, there must exist a point 53 such that N; = 0 in the interval &5 € (4K, 6K).

oIy ps /Oem= 222K (1 — gb)zNz /@3, N, is a cubic function with respect to e, and the
coefficients of the cubic and quadratic terms of the primary term are negative, expression
omitted, when ¢, =0, N, > 0, when ¢, = K, N; > 0, when ¢; = %K, Nj < 0, thus, there
must exist a point &,,3 such that N, = 0 in the interval ej; € (K, %K) O

To better observe Proposition 4 and Corollary 5, see Figure 4.
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From Proposition 4 and Figure 4a,b, it is clear that in a supply chain consisting of two
parties, the upstream supplier who develops and produces the key components and the
downstream manufacturer who assembles the end-products using the key components,
when overconfidence exists in only one party (Model SN or Model NM), as long as the
degree of this overconfidence is small (0 < & < &53, 0 < & < €3), the supply chain
profit will increase with the degree of overconfidence, allowing the supply chain to gain
more profit.

Combining Propositions 2 and 3, it can be inferred that when overconfidence exists
in only one party (Model SN or Model NM), the value of the increase in the other party’s
profit from the overconfidence is greater than the value of the damage to one’s own profit.
There exists an optimal degree of overconfidence (g3, €,,3) for both Model SN and Model
NM that maximizes supply chain profit, and once this value is exceeded or is less than this
value, the supply chain profit will not be able to reach its peak value, and thus, the supply
chain will be in a non-optimal state.

Corollary 5.

(a) When 0 < &5 < €4, [gnw > TInns, when €44 < €5 < €spax, LInne > Tlgnse. When
0 <em < ema, [nms > TInns, when e < e < €umax, TInns > Tnps.

(b) When ey € (0,emsmsec), if 0 < & < &s5, Tspts > TInns, if €55 < &5 < essMMAX1,
nns > Ty When ey € (€usMSEG, EmNMMAX), if 0 < &5 < €6, Ispx > Tnnss if
€56 < € < essmmax2, LInns > Tspts.

Proof.

(a) Let ITnn« = gy, after cross-multiplication, move to the left side of the equation,
the left side is a2K<p£sN3, Nj3 is a cubic function on €5, the expression is omitted, when
&s = 6K, N3 < 0; when ¢; = 8K, N3 > 0, there must exist a point g4 so that N3 = 0 in the
interval ¢; € (6K, 8K).

Let IInn« = IInms, after cross-multiplication, move to the left side of the equation,
the left side is azKem(l — ¢)2N4, Ny is a cubic function on ¢, the expression is omitted,
when ¢, = K, N3 < 0; when ¢, = K, Ny < 0; when ¢, = ¢,,5snMax, Ny > 0; there must
exist a point g4 so that Ny = 0 in the interval e, € (K, €;snMAX)-

(b) Let IInns = g, after cross-multiplication, move to the left side of the equation,
the left side is azK(em(l —¢) + ¢pes)Ns, N5 is a cubic function on ¢, and also a cubic
function with respect to ;. The expression is omitted.

When ¢, € (OISmSMSEG)r ife;, =€ =K, N5 < 0,ife; =5 = K, g5 = 4K, N5 > 0,
there must exist a point in €,,, such that N5 = 0 in the interval &5 € (0, esspmaxi)-

When ¢, € (€,1SMSEG, EmNMMAX ), if € = %K, es =K, N5 <0,if e, = %K, es = 4K,
N5 > 0, there must exist a point in €, with respect to €4, such that N5 = 0 in the interval
& € (0, essmmaxz). O

Corollary 5(a) and Figure 4a,b demonstrate that when overconfidence exists on only
one side (Model SN or Model NM), as long as the degree of that overconfidence is relatively
small (0 < &5 < €54, 0 < & < €p4), it can lead to an increase in supply chain profitability
compared to Model NN. However, once the degree of overconfidence is large, it can harm
supply chain profits.

Corollary 5(b) and Figure 4c,d indicate that when both the supplier and the man-
ufacturer are overconfident (Model SM), a relatively small degree of overconfidence in
both of them, when ¢, € (0, €,,5MmsEG), 0 < €5 < €55 or when €, € (€,,5MSEG, EmNMMAX ),
0 < &5 < &46, can lead to higher supply chain profitability in the SM model as compared to
that in the NN model. The opposite would be detrimental to supply chain profitability.

These findings also corroborate the view of some scholars that overconfidence is
potentially disastrous (Plous 1993). Regardless of whether the model is SN, NM, or SM,
when the level of overconfidence is too large it can damage the profitability of the whole
supply chain. For example, as mentioned in the introduction, OPPO was overconfident in
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its R&D capability and potential market demand, which eventually led to the failure of its
R&D investment. But Apple and GM have been successful in appointing overconfident
CEOs because their level of overconfidence is less than a critical mass.

4.3. Bargaining Model for Bilateral Negotiations

Next, we analyze the situation where the RS proportion is negotiated between the
supplier and the manufacturer.

In the first stage of the game, the two players negotiate to determine the optimal
revenue-sharing proportion to be enjoyed by the supplier, where the GNB mechanism is
used to solve the optimization problem of the two firms:

maxQ)(¢) = (TTs;)" (I1,,;) 1" i = SM, SN, NM and NN ®)
Lemma 5. ¢yni = 1— 7+ [(g —8)29]/4K, fsnv = P2, Pnme = @3, Psms = Pa. When
=0T ¢ > 1=y +[(B—0)"7]/4K > ¢3,¢2 > ¢4 > ¢s.

Proof. Derivation of Equation (5) is sufficient to make it 0. For i = NN, the derivation

is easy to obtain and is omitted. Now, for i = SN to explain. i = SN when the B%—g”) =
(Hysn) " (T sn) "~ 7T
(4K(2—9)—(3¢es+a) (pest2)) (1-¢) (4K(2—9) — (pes+42)")
Te =3e2 (24 7)¢* + (662 (2 (24 7)es + (v + 1) (21< — ))) + (4425 (6K — 4ye? — 3€2) + (242 (v +3)—

44Ky 1 4K)e2 + 16K2)92 + ((16(7 — 3)K — 242 (77 +3) ) é2 — 242 (4I<(v +3) + 79 +4(4K(y ~3)+
$22(1 = ))K)P + (167 — 3K — 2022(7y +3) e = 292 (4K (y +3) + rs?)e, + 4(4K (7 — 3) + 22(1 — 1)K

I'¢ is a quadratic function on ¢. It is sufficient to decide that I's is positive or negative,

I'e > Owhen ¢ = 0,I's < 0 when ¢ = 1, and there must exist a point ¢, (where ¢, is a

function on ) such that a((p(P)

When the manufacturer has full bargaining power 7y = 0, then the revenue-sharing pro-
portion is entirely determined by the manufacturer, i.e., the manufacturer will choose ¢ ;
in Proposition 1 and the relation ¢; s > 1 NN (P1,5m) > ¢1,nM is satisfied Since ¢ is a
continuous function with respect to v, when y — 07 there is dsns > ONN« (Psrix) > PNMx-
O

= 0. ¢3 and ¢4 are proved in the same way as ¢,, omitted.

In Figure 5a, when v = 0.569, ¢sp = ¢nn« = 0.604; when v = 0.603, pspr. =
(PNM* = 0.631; when Y= 0.724, (PNM* = (PNN* = 0.746; when Y= 0.797, (PNM* = (PSN* =
0.815; when v = 0.809, NN« = Psn« = 0.825; it is constant that ¢gn, is greater than Pgp,.
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Figure 5. Impact of supplier’s bargaining power -y on supplier’s share of optimal revenue-sharing ¢
(1=3,K=05,c=28=07 6=03,). () ey = 02,6 = 0.2; (b) e, = 0.05,¢5 = 0.2.
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In other words, when 7 € [0,0.569), ¢sn« > Psp« > PNNx > PNms; when v €
(0‘56910'603)/ PsNx > PNNx > Psmx > Pnms; When iy € (0'603/ 0'724)1 PsSNx > PNNx >
ONM« > Pspe; when ¢ € (0.724,0.797), psns > ONMx > PNN« > Psys; when ¢ €
(0.797,0.815), ONMx > Psns > ONNx > Psye; When ¢ € (0.815,1), PNMs« > PNNx >
PN« > PsM-

In Figure 5b, when ¢ = 0.198, ¢nyn« = dnm« = 0.262; when v = 0.640, Pspre =
¢nm« = 0.686; when v = 0.688, pnpi« = Psn« = 0.730; when v = 0.766, pyn« = Pspx =
0.785; when v = 0.809, NN+« = Psn« = 0.825; it is constant that ¢gy, is greater than ¢gps..

In other words, when v € [0,198), ¢sn« > Psme > PNN+ > PNmw; When v €
(0.198,0.640), PsNs > Pspx > ONMx > PNN«; When v € (0.640,0.688), PsNx > OPNMx >
Psm« > PNNx; when v € (0.688,0.766), pnms« > Psn« > Psms > PNnx; When 7 €
(0.766,0.809), ONMsx > PsNx > PNNx > Psmis when ¢ € (0.809,1), PNM« > ONNx >

PN+ > P
When the supplier’s bargaining power v = 0, the revenue-sharing proportion is

entirely determined by the manufacturer, and the value of ¢ in each model when v = 0 is
shown in ¢ ; In Figure 3a-d, when the downstream and upstream firms decide on revenue
sharing, the optimal decision of the downstream firm is to share a certain proportion of the
revenue with the upstream firm instead of exclusively capturing all of the revenue by itself.

In conjunction with Proposition 1, since supplier profits increase with the RS propor-
tion, it can be inferred that as the supplier’s bargaining power 7y gradually increases, the RS
proportion obtained by the supplier, as determined by the two parties through negotiations,
will gradually increase. Therefore, the greater the bargaining power of the supplier, the
higher the level of R&D investment in key components will be when the revenue-sharing
proportion is set through negotiation between the two parties. ¢ = ¢ ; > 0 in each model
when v = 0, so the level of R&D inputs in key components must be higher than in the
case where there is no revenue-sharing contract, regardless of the value of the supplier’s
bargaining power. When the supplier’s bargaining power y = 1, the upstream firm will
have exclusive access to all revenues. This is similar to the findings in the literature (Xiao
et al. 2020).

From Lemma 5 and Figure 5a,b, we can see that when the supplier’s bargaining power
is low, among the four models, the supplier receives the highest percentage of RS in Model
SN. This is because the supplier makes more R&D inputs for its overconfidence compared
to the other models but without the concurrent concerted effort from the manufacturer,
so that the manufacturer is willing to share a slightly larger percentage of revenue with
the supplier in this model; of the four models, Model NM has the lowest percentage of
revenue-sharing for the supplier, because the manufacturer makes decisions under its own
overconfidence utility, yet does not actually achieve this utility, but increases the supplier’s
profit. When the bargaining power of the supplier is relatively low, the proportion of RS to
the supplier will be lower compared to other models. It can be seen that in this case the RS
contract has a compensatory effect on the loss of profit due to overconfidence.

5. Conclusions

This paper introduces the overestimation of overconfidence in the context of down-
stream manufacturer incentives for upstream suppliers of key components to invest in R&D
through revenue-sharing contracts, and further analyzes the use of bilateral negotiation
and bargaining models for determining revenue-sharing proportions to investigate the
impact of overconfidence and revenue-sharing proportions and bargaining power of one or
both parties on the level of R&D inputs, wholesale prices, production volumes and profits
of key components of products.

Our study contributes to the supply chain literature in four significant aspects. First,
overconfidence (or a RS contract) on either side increases the level of R&D inputs into key
components. More specifically, the level of R&D inputs into key components increases with
the degree of overconfidence on the supplier’s share of the revenue sharing. Moreover, our
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findings suggest that the level of R&D inputs into key components is higher when both
parties are overconfident than is the case only one of the parties is overconfident.

Second, the level of confidence affects distribution of benefits between the two parties
of supplier and manufacturer. As shown from the results of all three models—manufacturer-
only, supplier-only, and both overconfident—the greater the degree of overconfidence, the
greater the loss of profits for the self, but the greater the increase in profits for the other.

Third, RS contracts can stimulate increased input to R&D investment, regardless
of the bargaining power of either party. On the other hand, as shown in the results
from the bilateral negotiation bargaining model, the bargaining power of supply parties
can determine the revenue sharing proportion between the two parties. If the supplier’s
bargaining power is low, the supplier receives the highest revenue-sharing proportion when
only the supplier is overconfident, while the supplier receives the lowest revenue-sharing
proportion when only the manufacturer is overconfident. Moreover, it can be observed that
the RS contract has a compensatory effect on the loss of profit due to overconfidence when
using a bilateral negotiation bargaining model and the supplier’s bargaining power is low.

Fourth, the findings from our study have significant managerial implications for
business practices with regard to supply chain relationships and innovation investment.
For business managers, our findings suggest that revenue sharing contracts can be used as
a useful tool to promote innovation. More importantly, our findings regarding the conjoint
effect of RS contracts and overconfidence suggest that RS contracts can help compensate for
profit losses caused by overconfidence, especially when the supplier’s bargaining power is
low. Thus, an important managerial implication from this finding is that managers can use
RS contracts to mitigate negative impacts of overconfidence on profits.
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