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Abstract— Considering the difference in the efficiency of direct selling and e-commerce online sales, this paper
takes the manufacture-led dual-channel supply chain as the research object and takes no fair concern as the
benchmark to analyze the influence of network marketing efficiency and fair concern mode on the pricing decision
of dual-channel supply chain. The research results show that: with the improvement of the network sales efficiency
of manufacturers, under the non-dual-member equity concerns (N, M and R modes), both the selling price of
e-commerce and the direct selling price of manufacturers will be reduced, and the price reduction rate of
manufacturers is faster than that of e-commerce. Under the dual-fair concern (MR) model, the selling price of
e-commerce will be reduced, but whether the direct selling price of manufacturers will be reduced depends on the
degree of fair concern of both sides. The leading party's equity concern will reduce the impact of network sales
efficiency on price reduction, while the follower's equity concern will enhance the impact of network sales
efficiency on price reduction. In addition, the influence of network marketing efficiency on price reduction and
speed reduction of manufacturers in MR mode is simulated.

Keywords— dual-channel supply chain, equity concerns, Stackelberg games, network sales efficiency..

l. INTRODUCTION
With the in-depth integration of the Internet and consumer
behavior, manufacturers' sales strategies have been
expanded from physical sales to electronic channels such
as HP, IBM, and others. They have opened direct selling
websites and cooperated with e-commerce platforms to
build their products' online sales
involvement of manufacturers in online sales has brought a

channels. The

certain impact on e-commerce, thus intensifying the fierce
competition between manufacturers and e-commerce
enterprises and causing channel conflicts (Qiu and Xu
2019). Meanwhile, through a large number of experiments,
behavioral researchers have learned that decision-making
subjects have behavioral characteristics of equity concerns
(Guth et al 1982, Kahneman et al 1986, Ho and Zhang
2008). Faced with many problems in the operation of
dual-channel mode, many scholars have carried out
corresponding researches. For example, Wang (2012)
studied the coordination of dual-channel supply chain

under different models of equity concern. Li (2017)
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studied the influence of retailers' fair concerns on
cooperative advertising decisions of dual-channel supply
chain under the game dominated by manufacturers . Li
(2015) studied the impact of the fair concern behavior of
traditional retail enterprises on the ordering decision of
dual-channel supply chain. The above research shows that
the fair concern behavior of traditional retail enterprises
affects the decision-making of members of dual-channel
supply chain.

In addition, channel cost is becoming the main indicator of
competition among supply chain members. In this regard,
Li (2009) analyzed the impact of channel sales efficiency
on dual-channel game pricing. Liu (2015) studied the
influence of network channel entry on double-channel
validity under different channel sales efficiency. Zhang
(2017) studied the impact of distribution efficiency on
pricing and coordination of dual-channel supply chain
enterprises. Shu and Jian (2017) studied the impact of
e-commerce efficiency on dual-channel game with
different rights structure under the concern of traditional
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retail enterprises' equity. Du (2010) studied the influence
of manufacturer's network sales efficiency on enterprise
pricing and performance under three different rights
models under the concern of e-commerce fairness.

To sumup, at present, to consider fair under the concern of
dual channel supply chain coordination problem, most of
the literature in the traditional retail and direct sales of
double channels as the research object, few literature
consider sales efficiency and fairness is concerned with the
pricing problem of the supply chain. This paper takes the
dual channel composed of direct selling and e-commerce
as the research object, considers the difference of online
sales efficiency between direct selling and e-commerce,
and takes no fair concern as the benchmark to analyze the
impact of manufacturers' online sales efficiency on
manufacturers' and e-commerce's price reduction decisions
under different fair concern modes and degrees.

1. PROBLEM DESCRIPTION AND
HYPOTHESIS
Assumed that the manufacturer produces a product and sells
it through e-commerce wholesale and online direct sales.
Because the two sides have a single market, they have
competitive behavior, and face different fair concern mode,
the bidding game behavior between the two will change.

Based on this, this paper proposes the following hypothesis:
(1)Single manufacturer and single e-commerce are rational
decisions,complete information to each other;

(2)The manufacturer's production cost is C , the wholesale
price of per unit product is W ,the network selling cost of
e-commerce and the direct selling cost of manufacturers are
X and kx,k >0 respectively, Where k is the efficiency
coefficient of online sales of manufacturers relative to
e-commerce. The larger k is, the lower the efficiency of
online sales of manufacturers relative to e-commerce;

(3) The direct selling price and e-commerce selling price

under different fair concern models are p! and P,

respectively, i—N,M,R,MR;

(4) The market demand of e-commerce and manufacturers
IS = ua—p, + ;o =(L-w)a~p, + pp, - Since the product
pricing of competitive enterprises has less impact on the
network market demand than the product pricing of the
enterprise has on the network market demand, o< g <1,
The profit for both parties is
7, = (P, ~W=X)0y, 7, = (P}, —kx €, ), +(W—C)ef

(6) If the fair concem coefficient 2 >0,4 >0 of
manufacturer and retailer is introduced, then the utility
function of manufacturer and e-commerce under fair
CONCeM is ! = (1+4,)zl — A, U, = (1+ 4,), — A7

e’'m?

1. GAME MODEL CONSTRUCTION AND SOLUTION UNDER DIFFERENT FAIR CONCERN MODELS

3.1 Unfair concerns (N mode)

In this mode 2 =4 =0, the profit function of the manufacturer and the e-commerce is:
ﬁe:(pe_w_x)(:ua_pe-l_ﬁpm) (1)
7, = (p, ~kx=O)[(1- w)a- p, + Ap,]+ (W—c)(za- p, + Bp,)

Under the guidance of manufacturers, the game solution results are shown in equations (2) and (3)

o _(Bur2-20a (1-p)2+ Pl (B+2k-FRx _pw @
"TU2e-p) 225 22-5) @)
o _pawex | (fur2-2umpa  (A-p)@+p)fc  (f+2k=pRpx S ®
T2 2= ) 2= ) a-p) 22

3.2 Ecommerce equity concerns (mode E)

In this mode, 2 =0, 4, > 0,the profit function of the manufacturer and the e-commerce is:

ug = L+ A)I(p; —w=x)(wa= pl + Bpy)] = Al(py —kx=O)[(L- )a— py, + B 1+ (W—c)(wa—p; +Ap.)] (4

7y = (P, —kx—C)[(1- w)a— pg + Bp 1+ (W—c)(a— p; + Ap,)

Under the guidance of manufacturers, the game solution results are shown in equations (5) and (6)

P = 22+24, - )
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(e n) Q2B | QPR SRR | K KB A(B KK @AW (5)
2(2+24, - )

202+24, - ) 2421, - B
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o L AEXEW Q-2 ) (- B)P@+B)-4R) |, 2+ fkp K

P W(ﬁ2+215) (6)
2 4(2+2,1e—/3) 42+22, - B2 42422, - %) 22+24,- B%)

3.3 Manufacturer's equity concerns(mode M)

In this mode, 2 >0, 4, =0, the profit function of the manufacturer and the e-commerce is:
m' = (p ~w=x)(ua-p;' +Bpy) 7
Un =@+ A)[(Py —kx =)L )a—py +Bp," 1+ (W—c)(wa—p," + By )= (p," —w—x)(ra~p," +Spn)]

Under the guidance of manufacturers, the game solution results are shown in equations (8) and (9)

o _ QA2 i)~ A QP f) (W A)@Ke B )+ A 2+34, o (@
T2+ A)@- By 204 2)@- BV R, 20422 Ay 2042 )+ B,

M:,ua+w+x+(l+/1)(2 2/1+/lﬂ)+luﬂ,ﬂﬂa+ A+4,)2- - B) (9)

b (L+24,)2k+ B - Bk + 1, B) 2+34,

2 7 pBe+ 7 Bx+ pw
2 41+ 2,)(2- ﬁ)+ﬂ/1 A1+ 4,)2-p°)+ A, 41+2,)(2- ﬂ)+ﬁﬂ 41+2,)(2- ﬂ)-%—,ﬁ/i

3.4 Fair concerns on both sides (MR model)
In this mode, 2 >0, 4, >0, the profit function of the manufacturer and the e-commerce is:

= L+ AP —w=x)(ea = P + Bpn )] = A[(py" —kx = O)[(1- pa— pp + Ap," T+ (W—c)(ra~p™ + B )] (10)
Un" =+ A)[(Py" —kx =)L~ )a—py" + B 1+ (W=c)(wa— p" + By )= A (P = W= x)(ria = p;" + Bpy )]
Under the guidance of manufacturers, the game solution results are shown in equations (11) and (12)

1
T4+ AL A) - 2+ A-22)A)

ple {@-2u+ pf)(1+2,)+ 24~ 1), (1+ 4, )]

+(2k + B—KB* + (2B +2k =k B*) A, — 2Kk B° A2 A, + A, (B + 2k + K B2 + (28 + 2k + K B7) A,,)) X (11)
1= BY2PA Ay + (24 YA+ 2) + (2= B) A (L4 2, ) O+ (14 22, )[2+ (3= 2,) A, I3}
we _autx+w o [(2-2u+ up)+20-mi,]ap
"o 2 8(1+im)(l+/7,e)—2ﬁ2(2+(l—2/le)/lm)
+(1—/3)(/3(2+ﬁ)(1+/1m)—4/7«e2(1+/1m)—/15(4—2ﬁ—ﬁ2+2(2—ﬁ)/1m)c (12)

20+ A4 =25 + (4= ) A, + 242+ (2+ B2 4,11
2k+,8 kB2 +(2B+2k —kB?) A, +4KAZ(L+A,) + A, (B +6k —k % +2(B +3K)4,,)
20+ A)[4-25" + (4= YA, +24[2+ 2+ B A, ]1
AZ(L+A,)+ B2(2+34,) +24,(2+ B2+ L+ f2)A,)W
20+ A)2M, + 2+ M)A, + 2412+ 2+ A1

xp

V. COMPARISON AND ANALYSIS
This section takes no fair concerns as the benchmark to explore the influence of network sales efficiency k on the game of
dual-channel supply chain under different fair concerns. Through comparative analysis, propositions 1,2 and 3 can be
obtained.

Proposition1: pN. pi. py. pl. ps. pM. pM ispositively correlated with k; If pM* is positively correlated with k,

then 2,2, must satisfy certain conditions.

Proof:

%n _X o px (13)

ok 2 ok 4

%:2_ﬂ2+ﬂe(2+lg2)x o oopE . 2-pt+4 B (14)

ok 2(2-p*+22,) ok 4(2 B)+84,

ﬂ: (Z_ﬂz)(j’m-}_l) s ape — (2_ﬁ )(1+ﬂ’m) ﬂX (15)

ok 22-p)+(A-p4, Gk 22-F)+ (4=,
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oPn _ A+ 240)2 = + 2,2+ B°) — 252 Ay X
Kk AL+A)A+A)+24.2+2+ DA, (16)
P At A+ AA) + (2= ) (At A + 4,) + 624, xp
kK 201+ )22 BA+A,) + A4+ B +2(2+ A

Because of X>0 , %>0 is true; Because of g.p.1, SO 2 p24 p2 are both greater than zero, and
ok

Opn Opc opn op' p" _ o is true. Because of 0< S <1, A, >0,4, >0, formula 1 has a positive denominator.

ok "ok T ok ok T ok

A+ 2,)(2— F + 4,2+ 7)) —2p2222, >0 Qivesus , __ 2=B°+24+ B4 Itis that Plus or minus o) is determined
" AR, 2B+ -2 ok

by 2 and 2 together. Due to the complexity of calculation, the relationship between apy® and 4 4 is illustrated by
ok

simulation below.

From proposition 1, it can be seen that with the decrease of k (That is, the improvement of the network sales efficiency of
manufacturers relative to e-commerce), the selling price of e-commerce and the direct selling price of manufacturers will
decrease under the three non-dual-member equity concerns (N, M and R modes). With the decrease of k, under the
dual-member fair concern (MR model), the selling price of e-commerce will be reduced, but whether the manufacturer's direct

selling price is reduced or not is related to the degree of fair concern of both parties. Due to the complexity of formula sp™*

>0’
ok
the relationship between ap® 0 and 4,4, will beillustrated by simulation method below.
ok
Proposition 2. ®Pn _ e _ o, dpm 0 o, P e
ok ok ok ok ok ok
Proof:
From equation (13), it can be known that: %_@:w, Because of X >0, so%>@>0 is true.
ok ok 4 ok ok
From equation (14), it can be known that: Opy dpc _4-26-2/"+f+22-2p+p"4  , Because of
ok ok 42— B +24,)

4-28-2/">0,2-24>0,2-*>0,50 P, _ P is true.
ok ok

From equation (15), it can be known that: ﬂ_ op;’ = (2= ") + 1A= ) x » Because of2 — g2 > 0,4— 52 >0,1- >0,
ok ok 22-p)+(4-pHA,

s0 %P . P2 s true.
ok ok

According to proposition 2, it can be seen that: With fewer Kk(that is, the improvement of the network sales efficiency of
manufacturers relative to e-commerce), three members of double fairness concerns (N, M, R mode), rate of price reduction in
direct sales is higher than the rate at which e-commerce prices are falling, But in dual member fair concern mode (MR mode),
two members ofthe speed reduction compared with a fairdegree of concern about each other, Due to the comp le xity of formula

calculation, this relationship between ap," ap!™ and 4 _, 4 will be illustrated by simulation method below.

ok ok

£>@>_ape’w >0 apeME

N
_ o)

E N M
Proposition 3: Pn o Pn _ P g opi* _ o
ok ok

ok ok ok ok ok ok ok ok

Proof:
This simplifies to (13) (14) (15) , sowe know that :
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oy _X
ok 2 22+22,-47) ok 2 22-p)+(A-pHA,

ot x A (2= +20, )+ 27 A0y + B (14 4)

k2 A+A)A+A)+24,2+2+HA,)

oo _px, A i opy _Bx, (4-2/)+(4-38)4,
ok 4 2Q0+4)-452" T k4 4(4-28°)+(4-pO)A,]
" _Bx, (=B 4+ A4 B+ (4-257)0) AP 5
ok 4 AL+ A)(G-28) 1+ A) + A L4+ B+ (4+28%)A]]

Therefore 0 < 8 <1, the second termof all expressions in formula (17) is greater than zero. By contrast with equation (13), we

A, 7X opy X 0554,

(17)

can seethat this proposition is true.

Proposition 3 is comparing different fairness concerns modes of pricing decision, the conclusion is that: fromthe perspectiv e of
the direct selling price drop speed, with no fair concern as a benchmark, as k reduce (that is, with manufacturer network sales
efficiency improvement) , the fair concern model of e -commerce has the fastest price reduction and is better than the no fair
concern model, the two models of fair concern (Eand ME) in which manufacturers participate are slower and lower than those
without fair concern. From proposition 3, it can be seen that the leading party's equity concern will weaken the impact of
network sales efficiency on price reduction, while the follower's equity concern will enhance the impact of network sales
efficiency on price reduction.

V. SIMULATED ANALYSIS
In this section, the influence of network sales efficiency on
members' pricing decisions under the dual-fair concern

model is simulated and analyzed, taking
a=200,w=5,=04,x=20,c=2,u=0.2.

5.1 Network sales efficiency and direct selling price
reduction under MR model

0 1

Fig.2: Network sales efficiency and e-commerce price
reduction decision under MR mode

As can be seen from Figure 1, in MR mode, with the
improvement of network sales efficiency, whether the two
sides reduce prices depends on each other's fair concern
coefficient.

The specific rules are as follows:
(1)When 7 orz, issmall, the manufacturer's direct selling

Fig.1: Network sales efficiency and direct selling price price remains low;
reduction under MR model (2) When lm is Iarge, with the increase of /18, the

manufacturer's direct selling price changes from reducing
price to increasing price;
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(3) when 4 is large, with the increase of ; the

manufacturer's direct selling price changes from reducing
price to increasing price.

As can be seen from figure 2, under MR fair concern mode,
with the improvement of network sales efficiency, the
selling price of e-commerce has been in a state of reduction.
This verifies proposition 1.

5.2 MR model network sales efficiency and relative
speed of price reduction

Fig.3: Network sales efficiency and price reduction under
MR model

As can be seen from figure 3, under MR fair concern mode,
with the improvement of network sales efficiency, the law
of price reduction of both parties is as follows:

(1) Manufacturers are cutting prices fasterthan e-commerce

prices;
(2) When ;_is small, the difference between the two speed

drops is small, and the correlation between the difference
and 2 is minimal. When 2 is large, the difference

between them increases sharply, and the difference is

positively correlated with A, ;

(3) When A is small, the difference between the two

speed drops is small, and the correlation between the
difference and 4 is minimal. When , is large, the

difference between them increases sharply and is positively

correlated with 2, ;
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VI CONCLUSION
In this paper, considering the direct and the efficiency of
the online sales of business fairness concerns behavior
differences and members, constructing a dynamic game
model of manufacturers dominated the double channel,
contrast network sales productivity for equity concerns
without fairness concerns, manufacturers, electricity
fairness concerns, double fairness concerns four different
fairness concern mode member pricing decision-making
behavior, the influence of the main conclusions include:
(1) With manufacturers to promote the efficiency of
network marketing, the members of the double fairness
concerns (N, M, R mode), the electricity price and the
manufacturer direct selling price will be lower and the
manufacturers price faster than electricity, members of the
double fairness concerns (MR mode), the electricity price
will be lower, but the manufacturer direct selling price is
the price depends on the two sides a fair degree of
concem;
(2) From the perspective of direct selling price reduction
speed, with the improvement of manufacturers' online
sales efficiency, e-commerce fair concern reduction speed
is the fastest and better than no fair concern mode. The two
fair concern modes (E mode and ME mode) that
manufacturers participate in are slower and slower than no
fair concern mode.
(3) Fromthe perspective of price reduction of e-commerce,
with the improvement of network sales efficiency of
manufacturers, two fair concerns (E mode and ME mode)
involving e-commerce are better than no fair concerns,
while the fair concerns of manufacturers are lower than no
fair concerns.
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