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Abstract: In online purchasing, customers may return products due to dissatisfaction with the quality
of the product, and receive a refund based on the return policy, which is determined by online
distributors. Online distributors can offer generous policies to attract more customers, but at the cost
of reducing total profits. In this paper, the effect of the pricing and quality of complementary products
(products sold together with other items) in online selling under the return policy is investigated. For
fur;e;zl:t?; this purpose, a mathematical model is developed to obtain optimal values for selling price, refund
amount, and quality of products. Based on analytical results, a solution algorithm is proposed to
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the sensitivity of demand with respect to the refund amount, the price, quality, and refund on
returned products should be increased. In addition, the online distributor should increase the quality

of products when customers are more sensitive to the quality of products. Among other results, the
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selling price is shown to be negatively affected by demand elasticity with respect to price. In this
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situation, the online distributor should reduce the quality level and the refund amount for returned

quality should be decreased and the refund amount unchanged.
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1. Introduction

Publisher’s Note: MDPI stays neutral Returning products from customers to vendors is a regular activity in many industries.

In online purchasing, or e-shopping, the vendors inform their customers of a product’s
details (i.e., quality, appearance, usage, time of delivery, among other characteristics) via
a webpage. Then, the buyers decide to purchase a product based only on the webpage
information and their needs. As we know, in online purchasing the customers do not
have access to the physical product when they are purchasing; therefore, the return rate is
- higher than in physical purchases [1]. According to an Invesp infographic, the return rate
Copyright: © 2021 by the authors.  jn online purchasing is at least 30%, whereas it is lower than 9% in physical purchasing.
Licensee MDPI, Basel, Switzerland.  Baged on different product categories, shoppers return 30-40% of their purchases in shoes
and clothing products [2]. This rate is higher for luxury and fashion products [3].
Nowadays, using a return policy has been proposed as a good strategy to encourage
customers to purchase and boost the sales in e-commerce [4-6]. A return policy could
have a high cost for managers. For example, the inventory of some products may increase,
and managers may be forced to destroy them [7]. However, it will have a very positive
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impact on sales if online sellers manage it correctly [8-10]. If customers know that they
can return a product that they are not satisfied with, they will be more inclined to buy
the product and, correspondingly, increase sales [10-12]. To achieve the desired result
from the implementation of the return policy, the managers must identify important
factors influencing customer returns. Quality is closely related to return. Low quality in
a product creates customer dissatisfaction and generates numerous returns. Conversely,
high quality in a product creates high customer satisfaction and, therefore, a low number of
returns [13]. However, high-quality products lead to high selling prices and a subsequent
lower demand [14,15]. Thus, the return policy, pricing strategy and quality strategy are
correlated decisions and online sellers should decide on them simultaneously. Dell is
an example of successful e-commerce using a return policy. Dell determines a longer
return duration for high-end computers that have a higher price and better quality. On the
other hand, a one-year-after-sale service with no charge is used for computers with a low
quality and price. With inspiration from the return policy of Dell, Li et al. [16] analyzed a
pricing-quality problem in online direct selling. They considered an online distributor that
used a return policy. It was assumed that customer demand was sensitive to the product’s
price and return policy. The return policy and the product’s quality also affect the returned
quantity of products. Later, Yoo [17] studied the relationship between return policy and
product quality decisions in a decentralized system. Li et al. [18] constructed a two-stage
Stackelberg game model to analyze the pricing strategy and return policy in a two-echelon
supply chain.

In addition to return policies, another way to succeed in e-commerce is proposing
products as complementary products. A complementary product is a product that adds
value to another. In other words, they are two products that the customer uses together.
Examples of complementary products include a cell phone and a charger, a bed and a
mattress, a printer and a cartridge, and gaming portals and gaming DVDs. Proposing
a product as complementary often helps customers to find a high-quality set of relevant
products that are always bought and used together. Thus, the demand for complementary
products is interrelated and the price of one product will influence the demand for another
product. In practice, numerous e-commerce websites, such as eBay, Taobao, and Amazon,
provide complementary products for their customers. Along with practical examples,
researchers have also investigated the pricing of complementary products in online sales.
The pricing problem of complementary products was analyzed by Zhao et al. [19]. They
assumed a supply chain including two manufacturers and one retailer in which one of the
two manufacturers uses both online and traditional channels to sell the products.

Due to the positive impact of the return policy and complementary products on e-
commerce, the simultaneous use of these two policies can contribute to success in e-markets.
To the best of our knowledge, no study has investigated the return policy in the context of
complementary products. This research gap motivated us to conduct this study. In this
paper, we propose a mathematical model to determine the optimal pricing and product
quality of complementary products in online purchasing under the return policy. In line
with this, we try to answer the following questions:

1.  How do online distributors determine the optimal selling price, optimal quality level,
and optimal refund amount for two complementary products?

2. How can online distributors maximize the total profits of the system when the condi-
tions of the selling price, refund amount, and quality of products are all assumed to
be at the optimum values?

3. When customer’s demands are highly sensitive to the selling price, how should online
distributors determine the optimal product quality and the refund amount?

4. How should online distributors indicate the refund amount and product quality when
the sensitivity of customers to product quality is high?

5.  When customers are more sensitive to refund amounts, how should online distributors
set the optimal price and product quality?
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This paper is structured as follows: In Section 2, we review the relevant studies. The
problem definition and modeling are presented in Sections 3 and 4, respectively. In Section
5, we analyze the proposed model, and the optimal value for decision variables is obtained.
We provide a solution algorithm in Section 6. In Section 7, two numerical examples and
sensitivity analyses are carried out, and managerial insight is presented. In Section 8, the
research is concluded and some suggestions for future research are discussed.

2. Relevant Works

We briefly review the previous relevant studies in the following two categories: re-
search investigating return policies and studies analyzing the pricing of complementary
products.

2.1. Return Policy

The return policy has attracted considerable attention in the success of online selling,
both in academia and the industrial world. On the first try, Pasternack [20] addressed the
well-known newsvendor problem for a seasonal product with a fixed price and stochastic
demand. In his model, a percentage of the lot size may be returned from retailers to the
manufacturer. Later, Kandel [21] and Emmons and Gilbert [22] extended Pasternack’s [20]
research to a case in which the demand is price sensitive. Emmons and Gilbert [22]
analyzed the impact of a return policy in pricing and inventory decisions on a supply
chain comprised of a manufacturer and a retailer. Lau and Lau [23] analyzed the pricing
and return policies of a monopolistic manufacturer for single-period commodities. In
addition, Webster and Weng [24], and Yao et al. [25] focused on return policies between the
manufacturer and the retailer. Ringbom and Oz [26] proposed methods to determine the
optimal rates of partial refunds on customers’ no-shows and cancellations. According to
Mukhopadhyay and Setaputra [27], a good return policy increases a product’s demand.
The reason for this is that some customers perceive the return as a motivator for their
purchasing decisions. In the same year, Yue and Raghunathan [28] examined the full return
policy’s impact on the supply chain with information asymmetry. They found that the
retailer always benefits from a full return policy, in all situations, whereas the manufacturer
and the supply chain are better off under some circumstances. Yao et al. [29] investigated
the impact of price-sensitivity factors on features of return policy contracts in a single-
period product, considering a stochastic and price-dependent demand. Yu and Wang [30]
proposed a multi-dimensional framework to obtain the optimal returns policies under the
direct sale channel. Su [31] studied the impact of full refund policies and partial refund
policies on supply chain performance. On the other hand, Chen and Bell [32] addressed
the problem of the joint determination of price and inventory replenishment when clients
return items to the vendor. They conclude that the vendor should change the price and
order quantity to reduce the negative effect of returns. Subsequently, Bonifield et al. [33]
examined the relationship between quality and a flexible return policy. Afterward, Xiao
et al. [34] studied the supply chain coordination with customer returns behavior and a
buyback policy. They consider the order quantity as a decision variable, and the retail
price and refund amount as given. Later, Chen and Bell [35] studied the impact of the
returns from the customer on retailer’s price and order quantity, for both deterministic and
stochastic demand, considering that returns from customers are dependent on the quantity
sold or price, or both. One year later, Ai et al. [36] analyzed the decisions of retailers and
manufacturers on two competing supply chains selling a substitutable product, with a
demand uncertainty in the cases when manufacturers use or do not use full return policies.
In their paper, Chen and Grewal [37] discussed how a new entrant retailer can practice
either a full refund policy or a non-refund policy, to compete with a well-established
retailer that always offers its customers a full refund. Afterward, Liu et al. [38] examined
a supply chain with a single manufacturer and a single retailer considering uncertain
demand. They investigated how customer returns impact the retailer’s ordering decisions
as well as the manufacturer’s and retailer’s profits. Recently, Yoo et al. [39] analyzed the
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optimal pricing decision in a closed-loop supply chain under a return policy. Joint pricing
and the environmental friendliness level model were presented by Giri and Bardhan [40].
Heydaryan and Taleizadeh [41] proposed a return policy depending on the selling price
and refund amount for a two-echelon supply chain. They analyzed the proposed model
by considering cooperative and non-cooperative games. Hu et al. [42] studied a dynamic
pricing problem when customers can return their purchased products. They showed that
this return policy can increase profit when the initial inventory and demand are moderate
and high, respectively. Noori-daryan and Taleizadeh [43] modeled a pricing-inventory
problem for a three-echelon supply chain. They considered the return policies between
manufacturer, supplier and retailer. Ren et al. [44] studied the pricing and return policies of
online retailers. This research dealt with pricing and inventory models for a single product.

All of the reviewed studies have been focused on modeling and analyzing the return
policy along with other decision variables for single products. Our model differs from
those in the existing literature in that it analyzes the pricing, quality, and return policy for
complementary products.

2.2. Pricing of Complementary Products

In this section, we will review the relevant research that studies complementary prod-
ucts. It is well-known that an increment in the demand of one complementary product
leads to an increment in the demand of the other. A product has a high degree of com-
plementarity with others when it is sold together with another product i.e., a bed and a
mattress, a computer and the operating system, a computer and a printer, just to name a
few examples. Yue et al. [45] modeled a mixed bundling policy to sell two complementary
products in a market with two independent firms. The model determined the optimal
pricing strategy by maximizing the total profit. A pricing-quality model for complementary
products was proposed by Bilotkach [46]. Later, Mukhopadhyay et al. [47] presented a
leader-follower game to investigate the pricing strategy in a duopoly market. The benefits
of the bundling strategy for complementary products were analyzed by Yan and Bandy-
opadhyay [48]. Most recently, Wei et al. [49] studied a two-level supply chain including
two manufacturers and one retailer. They investigated the optimal pricing decisions for
two complementary products. Wei et al. [50] derived the optimal policies for pricing and
warranty duration in a two-echelon supply chain. Taleizadeh and Charmchi [51] proposed
a joint pricing-advertising model for complementary products. Dehghanbaghi and Sa-
jadieh [52] investigated the optimal policies for pricing, production, transportation, and
inventory. Wang et al. [53] studied the pricing and service decisions for complementary
products in a dual-channel supply chain. Taleizadeh et al. [54] dealt with pricing and
inventory decisions jointly when complementary products were deteriorating. Findings
revealed that the degree of complementarity influences the profit. Giri et al. [55] modeled
a two-echelon supply chain. They assumed that two manufacturers sell two complemen-
tary products through one retailer. It was shown that profit would increase under a pure
bundling policy. The effect of trade credit on the pricing of complementary products was
analyzed by Ren et al. [56]. Shan et al. [57] studied a green supply chain by investigating
the optimal pricing strategy for complementary products.

According to the reviewed studies, there are not any studies that analyze the joint
pricing and quality decisions for two complementary products under a return policy.

3. Problem Definition and Modeling

We consider an online distributor that sells complementary products. The desire
is to maximize the total profit from these products by determining the optimal pricing,
refund amount, and product quality. Customers buy products via the internet based on the
distributor’s description of the product. There are two possible outcomes when customers
receive their product, as follows: (1) customers are satisfied with the quality of the product,
or (2) customers are not satisfied because the product is not of the quality they expected. In
this case, customers decide to return the product and request a refund.
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Other assumptions will be stated as follows:
Assumptions:

The two complementary products are considered;

The product quality level refers to the consistency between the purchased product
and its online description;

The online distributor’s total profit is obtained by the summation of each product’s
profit function;

The demand for each product is sensitive to its price and the price of the other product;
The refund amount for both products influences the demand;

A low quality of product causes customer dissatisfaction and leads to an increase in
the number of returns.

To model the problem, the following notations in Tables 1 and 2 are used throughout

this paper.

Table 1. Notations and Parameters.

Symbol  Definition

Set of products (for i =1,2)

D; The demand function of the ith product (units)
o; The potential market demand for the ith product (units)
' The sensitivity of the ith product demand with respect to the selling price of the
i (3-i)th product
o The sensitivity of the i" product demand with respect to the return rate of the it
" product
o The sensitivity of the ith product demand with respect to the return rate of the (3—1’)“n
gl product
Bi The sensitivity of the demand of the i product with respect to its selling price,
Bi > vii, i
The return quantity factor of the i product that is not dependent on quality and
¢i return policy
Qi The sensitivity of the i product returns quantity with respect to its return policy,
Pi > Vij, Pi
P; The sensitivity of the i product returns quantity with respect to its quality level
G The total quality improvement cost of the ih product (USD)
A The constant parameters of the quality cost function of the ith product, A; >1
R; The returned quantity of the jth product (unit)
w; The unit producing cost of the jth product (USD/unit)
w The return quantity of the ith product affected by the return quantity of the (3-)th
! product
TPF The total profit function (USD)

Table 2. Continuous decision variables.

Symbol Definition

pi
7

qi

The selling price of the i product (USD/unit)
The refund amount on the return of the i product (USD/unit)
The quality level of the i product (0 < g; < 1)

3.1. Demand Function

Customer demand decreases with an increasing product price. In addition, a return

policy with a high refund has a positive impact on demand. Thus, we use the following
functions to model the demand for both products:

D; = fi(ay, p1,p2,71,12) (1)

Dy = fo(az, p2, p1,72,71) ()
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aD;
ap;

and 951 < 0, ;2P <0, %% > Oand 522 >0 =1,2,

7 9p(3-i) 97 (3-i)

1

3.2. Return Function

After receiving a product purchased online, the customer decides whether to keep it
or return it, based on their dissatisfaction with the purchased product, the return policy of
the online distributor, and the refund amount. Therefore, the return quantity functions for
the first and the second products are as follows:

Ry = Gi(¢1,71,91,R2) (3)

Ry = Go(¢2, 12,92, R1) 4)

IR; IR; oR; P
and o > 0, Er < 0and R >0i=1,2.

3.3. The Online Distributor’s Profit

The online distributor aims to maximize the profit that it gains from both complemen-
tary products by setting the optimal pricing, refund amount, and product quality. The
profit function of the i" product is defined as the difference between revenue and cost
(producing and quality costs). By considering Equations (1)—(4), the firm’s model can be
formulated as follows:

ni = piDi —w;Di —Rjti —C; i=1,2 (5)

and
TPF = 1y + 11y (6)

4. A Special Case of the Proposed Model

In this section, to gain some qualitative insights into the proposed model, we apply a
special form to the demand function, the return quantity and quality cost. As mentioned in
the works of Coughlan [58], Wei et al. [49] and Mukhopadhyay et al. [47], we use a linear
form of the demand function as follows:

Dy = a1 — B1p1 — y1p2 + v11r1 + V1272 ()

Dy = ap — Bop2 — Y2p1 + U2 + U211 8)

In addition, the return quantity functions for the first and the second products, accord-
ing to the definitions put forward by Li et al. [16] and Balachander [59], are as follows:

Ry = ¢1+ @111 —p1q1 + wiRo )

Ry = ¢ + @ar2 — g0 + wrRy (10)

Here, the function of quality cost C; = A;47 is considered (as used by Li et al. [16]), for
the first and the second products as follows:

Ci = Mg? (11)
Cy = Aog3 (12)
According to Equations (7)—(12), the profit function of the first and second products
will be the following;:
m = (p1 — w1) (&1 — B1p1 — Y1p2 + V1171 + V1272) (13)

—r1(¢1 + @111 — P11 + W1R2) — Mig;
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7y = (p2 — w2) (a2 — Bap2 — Y2p1 + Uar2 + U2171) (14)
—1r2(¢2 + @212 — P2g2 + WaRy) — Aogf3

The total profit function (TPF) is the following:

TPF = (p1 —wq) (a1 — B1p1 — y1p2 + U117 + Vior2)
—r1(¢1 + @171 — P11 + WiRy) — Mg+
(p2 — w2) (a2 — Bap2 — Y2p1 + V22r2 + U171)
—12(¢2 + @ar2 — Y2q2 + wWaR1) — Ao

(15)

5. Solution Method

The main purpose of this paper is to determine the optimal values for the decision
variables that correspond to maximizing the total profit. To achieve our purpose, we first
prove that the profit functions of both products are concave in Proposition 1. To prove the
concavity of the profit function for the first and second products, the Hessian Matrix is
applied [60-62].

Proposition 1. The profit functions for both products are concave and have unique optimal
solutions.

Proof. See Appendix A. U

From the analysis carried out so far, we know that there are unique values for py, q;,
and 1 (p2, g2, and ;) that maximize the profit of selling the first product (and the second
product).

Next, we study the conditions under which the total profit function is also concave in
Proposition 2.

Proposition 2. The total profit function is concave and has a unique optimal solution if the
inequality (16) holds.

X.HXT = 2By p? — 20512 — 2013

—Zﬁzp% — 2921'% — Z)tzq% — 2013p1p2 — 20611 12

+201171p1 + 202272 P2 + 202171 P2 + 2U1272 P1+ (16)
2941’1Q2 + 295 72q1

+ (207 + 241 )r1q1 + (208 + 242) 1292 < 0

Proof. See Appendix B. J
Thus, the optimal values for the decision variable can be obtained in Proposition 3.

Proposition 3. The optimal policies of the online distributor for the first and the second
products are as follows.

(1) The optimal pricing for the first product is as follows:

pi = H(EZ+(2Bav11— (1 +72();1ﬁl )1;(252012* (71+72)v22)5)
+ J(EZ+(2B1v20 = (71+72)012) S+(2B1021 = (11 +72) v1) I)
GH—-JK

(17)

(2) The optimal refund amount for the first product is as follows:
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2BAM AL (1 — wyws) (011 Py + p3ua1) + (M1l — 2A1 0001 92) (2A142(1 — wiwy)) (v12pf + v2op3) + 1

1= > (18)
(3) The optimal quality policy for the first product is as follows:
* lplrik
= l
N 2)\1 ( 9)
(4) The optimal pricing for the second product is as follows:
x _ G(FZ+(2B10p— (’Yﬁ-“rz)v ) (251021—(71+72)U11)1)
P2 S (20)
4 KEZ+@pron (v 1+’Yz)U2 ) (252012—(71-1-72)1122)5)
(5) The optimal refund amount for the second product is as follows:
o 2AM A (1 — wywy) (Uzzpik + PTUQ) + ()\2(,021/1% — 2)\1)\2w2q)1) (2A1A2(1 — wywy)) (021}7; + U11PT) +S 1)
5 =
Z
(6) The optimal quality policy for the second product is as follows:
«_ Yors
=== 22
2= o5 (22)

where A, B, E,F,G,H,1,],K,S, Z are defined in Appendix C.

6. Solution Algorithm

To gain more insight into the analytical results shown above, we need to solve the
numerical examples. For this purpose, we proposed the following algorithm solution. A
flowchart of the proposed solution algorithm is displayed in Figure 1.

Step 1: Calculate the selling price of the first product using Equation (17).

Step 2: Determine the refund amount for the first product using Equation (18).

Step 3: Compute the quality level of the first product using Equation (19).

Step 4: Obtain the selling price of the second product using Equation (20).

Step 5: Compute the refund amount for the second product using Equation (21).

Step 6: Calculate the quality level of the second product using Equation (22).

Step 7: Verify the inequality (16), if inequality (16) holds then the obtained values for
the decision variables are optimal, stop; otherwise, go to step 8.

Step 8: Solve the nonlinear optimization problem in Equation (15) using any nonlinear
optimization software to determine the optimal values for the decision variables.
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Calculate the selling price of the first product

A

Determine the refund amount of the first product

Compule the quality level of the first product

Y

Obtain the selling price of the second product

A

Compute the refund amount of the second product

I

Caleulate the quality level of the second product

1s the optimal inequality

Show the desition variables

satisfied?

Use a nonlinear optimization software

Figure 1. Flowchart of the proposed solution algorithm.

7. Illustrative Example

In this section, numerical examples of complementary products with a deterministic
demand are analyzed. The proposed model can be used in different industries in the real
world, such as the electronic products industry. We considered the mobile phone industry
when solving numerical examples. In this industry, cell phones and chargers are used as
examples of two complementary products.

Example 1. In this example, we supposed a market with a demand for 1400 and 1500 units
of the first and second products, respectively. The values given for the other parameters
considered are as follows:

M =70, Ay =60, w; =10, wy =12, w; =0.1, wy =0.1, f1 = 0.8, By = 0.8, 7, =04,
Y2 =04, 1 =04, P, =04, ¢, =05, ¢ =06, ¢ =02, ¢ =02, v;; = 0.3,
U1 = 0.1, Upp = 0.2, Ug1 = 0.05.

Under these conditions, the online distributor is looking for the optimal values for the
decision variables to maximize the total profit function. By using the proposed solution
algorithm, we have the following:

Step 1: Calculate the selling price of the first product using Equation (17).

. 157421661.9(1049.6 x 83426883.7 + (0.48 — 0.04) x (—3303292902.5) + (0.16 — 0.16) x (—238154406.3))
P1 148998295.1x157421661.9—1464874.7 x (—2516785.68)

1464874.7(1291.52 x 83426883.7 + (0.32 — 0.08) x (—238154406.3) + (0.08 — 2.4) x (—3303292902.5))
+ 148998295.1x 157421661.9—1464874.7 x (—2516785.68)

=591.9

Step 2: Determine the refund amount for the first product using Equation (18).
o (8400 x 10018.4 x 0.99 x 211.31) + (—502.88 x 8400 x 0.99 x 194.17) — 303292902.5 1976
e 83426883.7 o
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Step 3: Compute the quality level of the first product using Equation (19).
L 04x1976

=70
Step 4: Obtain the selling price of the second product using Equation (20).

. 148998295.1(1291.52 x 83426883.7 + (0.32 — 0.08) x (—238154406.3) + (0.08 — 2.4) x (—3303292902.5))

2 = 148998295.1 x 157421661.9—1464874.7 x (—2516785.68)

—2516785.68(1049.6 x 83426883.7 + (0.48 — 0.04) x (—3303292902.5) + (0.16 — 0.16) x —(238154406.3))
+ 148998295.1 x 157421661.9—1464874.7 x (—2516785.68)

= 6749

Step 5: Compute the refund amount for the second product using Equation (21).
(8400 x 8348.4 x 0.99 x 194.17) + (—419.04 x 8400 x 0.99 x 211.31) — 238154406.3 149.9

83426883.7
Step 6: Calculate the quality level of the second product using Equation (22).

ry =

0.4 x 149.9
x = =
Thus, the optimal total profit function will be TPF= 894,497 4. In this example, using
the given values for the parameters and the resulting value of the decision variables in
inequality (16), we have the following:

X.H.XT = —560552.976 — 39045.76 — 43.904 — 728784.016 — 26964.012 — 28.812 — 639157.296
—6575.693 + 13336.024 + 17745.16 + 89.410 + 59.348 + 7.745 + 6.715
= —1969908.067 < 0

The results showed that the online distributor should provide the first and second
products with a quality of 56 and 49% and determined prices of USD 591.9 and USD 674.9
for them, respectively. It also returns USD 197.6 and USD 149.9 to the unsatisfied customers
for the first and second products, respectively.

Example 2. In this example, we changed the parameters as follows:

aq = 1400, ar = 1500, A4 =220, A, =160, w1 =10, wr, =12, w1 =0.1, wp, =0.1,
B1 =08, B =08, 71 =0.04, 7, =0.04, P =04, ¢ =04, ¢; =05, ¢ =0.6,
¢1 =02, ¢ =02, v17 =025, vy =0.05 vy =0.15, vy = 0.05.

By using the proposed solution algorithm, the optimal values for the decision variables
were p] = 533.79, p5 = 649.36, r] = 1954, r; = 141.69, q7 = 0.547, q5 = 0.557, and the
optimal total profit function was TPF = 885,780.

7.1. Sensitivity Analysis

To study the effects of changes in the parameters on the optimal value of the decision
variables, a sensitivity analysis was conducted by increasing and decreasing the parameters
by 20 and 40%. Table 3 shows the results of the sensitivity analysis for the first numerical
example presented in the previous section. Decision variables are considered as slightly
sensitive whenever the rate of change in their values, due to changes in the model’s
parameters, is less than 5%. When the rate of change falls between 5 and 30%, then the
decision variables are considered to be moderately sensitive. A rate of change in the
variables between 30 and 50% means that they are sensitive to parameter changes. For
rates of change higher than 50%, the variables are said to be highly sensitive. Based on the
results presented in Table 3, the following findings can be obtained:

e  For the first product, optimal values of the decision variables are highly sensitive to
an increase in aq;
g7 is highly sensitive to a decrease in A1, and g is highly sensitive to a decrease in A;;
Optimal values for decision variables are moderately sensitive to decreases in y; and

Y2,
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g7 is sensitive to an increase in ¢, and g3 is sensitive to an increase in ¢;
Optimal values for decision variables are slightly sensitive to changes in ¢; and ¢»;
g7 and r] are highly sensitive to a 40% decrease in parameter ¢1;
g5 and r; are highly sensitive to a 40% decrease in parameter ¢;;
For the first product, optimal values of the decision variables are highly sensitive to a
40% decrease in parameter ;;
e  For the second product, optimal values of the decision variables are highly sensitive
to a 40% decrease in parameter By;
g7 and r] are sensitive to a 40% increase in parameter v1y;
g, and r3 are sensitive to a 40% increase in parameter vyy;
g5 and r; are moderately sensitive to a 40 and 20% increase, respectively, parameter
U12;
e Change in the values of w; and w, does not have a significant effect on the optimal
value of decision variables.

Table 3. Effects of parameter changes on optimal decision variables.

Change Percentage of Decision

Percentage New Value of Decision Variable Variable TPF

2 P 4 4N n 2 2 1 5 n n il
—40% 840 93.9 9203 017 051 60.7 155 —84% 36% —69% 4% —69% 3% 709.140
ap = —20% 1120 3429 7976 036 050 129.2 1524  —42% 18% —35% 2% —34% 1% 766.960
1400 20% 1680 840.9 5522 076 049  266.1 147.3 42% —18% 35% 0% 34% —1% 1091.800
40% 1960 1090 4295 095 048 3345 144.7 84% —36% 69% —2% 69% —3% 1358.700
—40% 900 855 1619 072 028 2547 84.2 44% —76% 28% —42% 28% —43% 651.170
ap = —20% 1200 723.5 4184 064 039 226.1 117 22% —38% 14% —20% 14% —21% 734.310
1500 20% 1800 460.4 9314 048 060 169.1 1827  —=22% 38% —14% 22% —14% 21% 1131.700

40% 2100 3289 11879 040 0.71 140.6 2156 —44% 76% —28% 44% —28% 43% 1446
—40% 42 592 6749 094 049 1978 1499  0.01% 0% 67% 0% 0.55% 0% 894.510
A = —20% 56 591.9 6749 070 049 1977 149.9 0% 0% 25% 0% 0.50% 0% 894.500
70 20% 84 591.9 6749 047 049 197.6 149.9 0% 0% —16% 0% 0% 0% 894.490
40% 98 591.9 6749 040 049 197.6 149.9 0% 0% —28% 0% 0% 0% 894.490
—40% 36 591.9 6749 056 083 197.6 150 0% 0% 0% 69% 0% 0.06% 894.510
Ay = —20% 48 591.9 6749 056 062 197.6 149.9 0% 0% 0% 26% 0% 0% 894.500
60 20% 72 591.6 6749 056 041 197.6 149.8 —0.05% 0% 0% —16% 0% —0.06%  894.490
40% 84 591.6 6749 056 035 197.6 1498 —0.05% 0% 0% —28% 0% —0.06%  894.490
—40% 0.24 648.5 7123 061 053 2158 160 9% 5% 8% 8% 9% 6% 961.840
Y= —20% 0.32 619.8 6923 059 051 206.5 154.7 4% 2% 5% 4% 4% 3% 926.940
0.4 20% 0.48 564.4 660.1 053 048 188.9 145.5 —4% —2% —5% —2% —4% —2% 864.290
40% 0.56 536.6 6483 051 047 180.3 141.6 —9% —3% —8% —4% —8% —5% 836.120
—40% 0.24 646.5 7141 061 053 2153 160.2 9% 5% 8% 8% 8% 6% 961.740
Y2 = —20% 0.32 618.7 6933 058 051 2063 154.8 4% 2% 3% 4% 4% 3% 926.900
0.4 20% 0.48 565.7 6589 054 048 1893 145.4 —4% —2% —3% —2% —4% —3% 864.300
40% 0.56 539.6 6455 051 047 1811 141.3 —8% —4% —8% —4% —8% —5% 836.120
—40% 0.24 591.9 6749 033 049 1975 149.9 0% 0% —41% 0% —0.05% 0% 894.488
P = —20% 0.32 591.9 6749 045 049 1975 149.9 0% 0% —19% 0% —0.05% 0% 894.490
0.4 20% 0.48 591.9 6749 067 049 1977 149.9 0% 0% 19% 0% 0.05% 0% 894.510
40% 0.56 591.9 6749 079 049 1979 1499  0.01% 0% 41% 0% 0.15% 0% 894.520
—40% 0.24 591.9 6749 056 029 197.6 149.8 0% 0% 0% —40% 0% —0.06%  894.480
P = —20% 0.32 591.9 6749 056 039 197.6 149.8 0% 0% 0% —20% 0% —0.06%  894.490
04 20% 0.48 591.9 6749 056 059 197.6 149.9 0% 0% 0% 20% 0% 0% 894.500
40% 0.56 591.9 6749 056 070 197.6 150 0% 0% 0% 42% 0% 0.06% 894.510
—40% 0.06 592 6749 056 049 1978 149.9 0% 0% 0% 0% 0.05% 0% 894.525
P = —20% 0.08 591.9 6749 056 049 197.8 149.9 0% 0% 0% 0% 0.05% 0% 894.521
0.1 20% 0.12 591.9 6749 056 049 1977 149.9 0% 0% 0% 0% 0% 0% 894.513
40% 0.14 591.9 6749 056 049 1977 149.9 0% 0% 0% 0% 0% 0% 894.509
—40% 0.06 591.9 6749 056 050 197.8 150 0% 0% 0% 0% 0% 0% 894.538
¢ = —20% 0.08 591.9 6749 056 050 197.8 150 0% 0% 0% 0% 0% 0% 894.536
0.1 20% 0.12 591.9 6749 056 049 1977 149.9 0% 0% 0% —2%  —0.05% —0.06% 894.530
40% 0.14 591.9 6749 056 049 1977 149.9 0% 0% 0% —2% —0.05% —0.06% 894.526
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Table 3. Cont.

Change Percentage of Decision

Percentage New Value of Decision Variable Variable TPF
2 P 4 4N rZ P1 2 @ 7 n fZ ud
—40% 0.3 625.8 662.6 098 050 345.5 150.2 5% —1% 75% 2% 74% 0.2% 908.070
¢ = —20% 0.4 604.2 6704 071 050 2514 150 2% —0.66% 26% 2% 27% 0.06% 899.440
0.5 20% 0.6 583.9 6778 046 049 1628 149.8 —1% 042% —17% 0% —17%  —0.06% 891.300
40% 0.7 578.3 679.8 039 049 1384 149.7 —2%  0.72% —30% 0% —29%  —0.13% 889.060
—40% 0.36 592 687.8 056 0.84 198.2 253.5  0.01% 1% 0% 71% 0.3% 69% 903.590
@2 = —20% 0.48 592 679.7 056 0.62 197.8 1884  0.01% 0.71% 0% 26% 0.1% 25% 897.870
0.6 20% 0.72 591.9 6717 056 041 1975 124.4 0% —047% 0% —-16% —0.05% —17% 892.270
40% 0.84 591.9 669.5 056 035 1974 106.4 0% —0.8%1% 0% —28%  0.1% —29% 890.680
—40% 0.48 13675 292.8 1 047 4108 141.9 100%  —56% 78% —4% 100% —5% 1148.700
B1 = —20% 0.64 8254 559.8 0.74 049 2618 147.5 39% —17% 32% 0% 32% —1% 971.030
0.8 20% 0.96 461.9 739 046 050 161.9 1512  —21% 9% —17% 2% —18%  0.86% 851.880
40% 1.12 379 779.8 039 050 139.1 152.1 —35% 15% —30% 2% —29% 1% 824.720
—40% 0.48 1774 14832 030 0.84 107.8 2534  —70% 100%  —46% 71% —45% 69% 1210.600
B2 = —20% 0.64 462.7 926.8 048 060 169.6 182.1 —21% 37% —14% 22% —14% 21% 992.920
0.8 20% 0.96 665.6 5312 061 043 213.6 131.5 12% —21% 8% —12% 8% —12% 838.400
40% 1.12 713.2 4383 0.63 039 2239 119.6 20% —35% 12% —20% 13% —20% 802.160
—40% 0.18 562.5 687.6 035 050 123.3 152.6 —4% 1% —37% 2% —37% 1% 884.230
v = —20% 0.24 575.1 6823 045 050 159.1 151.3 —2% 1% —19% 2% —19%  0.93% 888.680
0.3 20% 0.36 613.6 6652 068 049 2398 148.3 3% —1% 21% 0% 21% —1% 901.920
40% 0.42 641.1 652.7 081 048 286.8 146.5 8% —3% 44% —2% 45% —2% 911.280
—40% 0.12 596.2 662 057 0.32 201 104.8  0.72% —1% 1% —30% 1% —30% 888.370
Upp = —20% 0.16 594.4 667.6 056 042 1994 127 0.42% —1% 0% —14% 091% —15% 891.130
0.2 20% 0.24 588.6 683.8 055 057 195.7 1734  —055% 1% —1% 16% —0.96% 15% 898.530
40% 0.28 584.4 6944 055 066 1934 198 —1% 2% —1% 34% —2% 32% 903.260
—40% 0.06 587.5 6746 056 043 1975 1303  —0.74% —0.04% 0% —12%  —0.05% —13% 891.500
vip= —20% 0.08 589.6 6748 056 046 1975 140 —0.38% —0.01% 0% —6% —0.05% —6% 892.940

0.1 20% 0.12 594.6 6748 056 053 197.8 159.8 0.45% —0.01% 0% 8% 0.05% 6% 896.170
40% 0.14 597.7 6745 056 056 198.1 169.8  097% —0.05% 0% 14% 0.25% 13% 897.970

—40% 0.03 590.3 673 052 050 1839 150 —0.27% —028% —7% 2% —6%  0.06% 892.090

vy = —20% 0.04 591.1 6739 054 049 190.7 1499 —013% —0.14% —3% 0% —3% 0% 893.270
0.05 20% 0.06 592.6 676 058 049 2045 1498 0.11% 0.16% 3% 0% 3% —0.06%  895.770
40% 0.07 593.3 6772 060 049 2114 1498 0.23%  0.34% 7% 0% 6% —0.06%  897.100

—40% 0.06 592.9 6745 057 0.50 202 150 0.16%  —0.05% 1% 2% 2% 0.06% 895.330

wy = —20% 0.08 592.4 6747 057 050 199.8 150 0.08% —0.02% 1% 2% 1% 0.06% 894.910
0.1 20% 0.12 591.4 6751 055 049 1955 149.8  —0.08% 0.02%  —1% 0% —1%  —0.06% 894.090

40% 0.14 590.9 6752 055 049 1933 149.7  —0.16% 0.04%  —1% 0% —2%  —0.13% 893.680

—40% 0.06 592 6753 056 051 1979 153.6  0.01%  0.05% 0% 4% 0.15% 2% 895.200

wy = —20% 0.08 591.9 6751 056 050 197.8 151.7 0% 0.02% 0% 2% 0.10% 1% 894.850
0.1 20% 0.12 591.9 6747 056 049 1975 148 0% —0.02% 0% 0% —0.05% —1% 894.150

40% 0.14 591.9 6744 056 048 1974 146.1 0% —0.07% 0% —2%  —010% —2% 893.810

Figures 2-11 show the changes in the total profit function concerning all parameters.
Specifically, Figures 3, 4, 6, 7, 10 and 11 show that by increasing the values of the parameters,
the total profit function decreases. On the other hand, Figures 2, 5, 8 and 9 show that by
increasing the parameters’ values, the total profit function increases.
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Figure 2. Changes in the TPF with respect to a1, ay.
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Figure 11. Changes in the TPF with respect to w1y, w;.

7.2. Managerial Insight

The following managerial insights can be drawn from our study:

This study filled an important research gap in presenting a comprehensive model
for two complementary products in online selling where a return policy exists, by
deciding on the selling price, quality level, and refund amount for returned products.
As the potential market demand has a positive effect on the online distributor’s profit,
the managers should try to expand the target market of their products by applying
appropriate marketing policies.

Managers of two complementary products should spend more on the refund of
returned products when the sensitivity of demand to refund amount is high. By
applying this strategy, the demand will increase, and the online distributor can increase
the selling price and quality.

With an increasing sensitivity of returned quantity with respect to product quality, the
online distributor should provide products with a higher quality and, correspondingly,
retain the price and the refund amount.

Managers should decrease the price of the first (or second) product by increasing the
sensitivity of its demand to price. In contrast, they are advised to increase the price of
the second (or first) product.

The negative effect of the quality cost parameter on profit implies that managers
should reduce the quality and keep the refund on returned products unchanged. In
other words, they should take the position of “low quality and low price”.

When customers are less sensitive to a return policy, they will pay more attention to
quality. Thus, managers should seek a lenient return policy, such as increasing the
quality and refund on returned products.

The proposed model is a proper starting point to present a new model that considers
other marketing variables, such as advertising.
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8. Conclusions

In online sales, customers do not observe a product closely when deciding whether
to buy a product; therefore, their concerns about product quality may prevent them from
buying it. Thus, online vendors should use various policies to encourage customers to
purchase products. One of the strategies that has been well documented in the literature
is the return policy. In line with this, this paper focused on the pricing and quality of
complementary products in online selling under a return policy. We considered an online
distributor selling two complementary products with the aim of maximizing its profit by
determining the optimal values for selling price, quality level, and the refund amount
for returned products. We assumed that customer demand is sensitive to the product’s
selling price and the refund amount for a returned product. In addition, the customer
returns depend on the return policy and product quality. From a managerial perspective,
the proposed model can be used to guide managers to make the best decisions in their
e-commerce.

According to findings, when customer demand is highly sensitive to the selling price,
online distributors should respond by providing policies to lower the price. They can
achieve sales at lower prices by using the position of “low quality and low refund amount
for returned products”. This helps to prevent an intense decline in total profits. Results
showed that the quality and the refund amount for returned products are highly sensitive
to a 40% decrease in the effect of the refund amount on the returned quantities. A 40%
increment in the potential demands of the market leads to more than a 50% increase in the
selling price and total profit. Thus, an online distributor should try to increase its market
size by using heavy advertising. Results revealed that when increasing the quality cost, the
quality and price should be decreased. When the sensitivity of customers to the refund
amount is high, the policy of “low quality and low price” should be used. Further, when the
customer’s return is sensitive to quality, the online distributor should focus on quality and
provide a lenient return policy to guarantee customer demand for a high-quality product.

There were some limitations in this research. Firstly, we assumed that the demand was
deterministic. As we know, demand uncertainty is present in the majority of the products,
as is the case with stochastic demand and returns. Secondly, we used the assumed values
for parameters in the mobile phone industry to conduct a numerical study. Considering
a real data set makes our results more practical. Third, we did not investigate other
operational decisions, such as inventory.

To address the above limitations, we provided the following extensions: The proposed
model can be expanded by considering stochastic demand. Future research can create a
more realistic model by extending this model with inventory decisions. An interesting
extension to this work includes the consideration of a real data set for industries that
sell products such as printers and cartridges, and gaming portals and gaming DVDs. In
addition, inventory systems for both perfect and imperfect products are worth consider-
ing [63-65].
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Appendix A. A Proof of the Concavity of the Profit Functions for the Both Products

For the first product, one has as follows:

oTPF
E 2B1p1 — 11p2 + v1rt + Vit + wif1 — 12p2 + Y2W2 (A1)
oTPF
o vi1(p1 —w1) — ¢1 — 29111 + Prg1 — wiRa + (p2 — w2)vn (A2)
JoTPF
S = M4t (A3)
q1
And the second derivatives are shown by the following:
0% o’ o’
— =2 ,7:—2 ,7:72)\ A4
a2 A1 = TP 1 (A4)
0% 0’ 0% 01 0’1 0’1
= = U1, = =0, —— = —a— =1y (A5)
ap18r1 81’18}71 8p18q1 8q18p1 Bqlarl 8r18q1
Consequently, the hessian matrix is as follows:
—2‘31 U11 0
H=1 vn —2¢1 1 (A6)
0 P 20
In order to proof the concavity, it is required to show that
28, vn —2f1  vn 0
IHal = =261 <0, [l = | 2P0 0 >0 lHl= ] on 2p ¢ [<0 (7)
0 P —2Aq
Now, we have ||Hi|| = —2B1 <0, [|[Ha|| = 4B1g1 — vy > O, ||Hs|| = —2B1 (4911 —
U%l) + 2/\10%1 < 0 because .Bi > Vii, i > Vjj, A > 1.
Similarly, for the second product we have the following:
oTPF
e 2Bap2 = Y2p1 + Uaar2 + V2171 + w22 — 11p1 + MW (A8)
oTPF
e v22(p2 — w2) — 2 — 29212 + Y2g2 — w2Ry + (p1 — w1)v12 (A9)
JoTPF
3 = —2A2q2 +121n (A10)
q2
And the second derivatives are given as follows:
BRs o’ 0%
a2 B2 = % 52 2 (A11)
B o’ 0% o’ 0% 0%
P2 (A12)

= =0 , = = Ol _— =
apza?‘z ai’zapz 2 8p28q2 aqzapz aqzai’z 8r28q2

Therefore, the hessian matrix of the profit function for the second product is as follows:

—2‘32 Uo2 0
Hp = U —2¢2 o
0 ) —2A,

(A13)
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In order to proof the concavity, it is necessary to show the following;:
—2,32 U22 0
-2 v
IHl = =262 <O, [|[Haf = || P2 2 >0 Hsl = v 292 y2 [ <0 (A14)
22 P2 0 ¥ oA,

Now, one has ||H; || = =2, < 0, ||Ha|| = 4Bagp2 — v3, > 0, ||Hs|| = —2B2(4¢p2As —
U%z) + 2/\20%2 < 0 because .Bi > Vi, @i > Vjj, A > 1.

Appendix B. A Proof of the Concavity of the Total Profit Functions with Respect to
Hessian Matrix
The total profit function is as follows:
TPF = (p1 — wy) (a1 — B1p1 — Y1p2 + viir1 + viar2) — (1 + @1r1 — P11 + w1 Rp) — A3 (A15)
+(p2 — w2) (a2 — Bap2 — Yap1 + vaara + vanr1) — ra(do + @ar2 — Pogo + wWaRy) — Aog3

Equation (10) is re-expressed as the following;:

TPF = —(71+ 72)pip2 + (p1 — wi) (a1 — Bip1 + viiry + viar2)
+(=¢1r1 — @111 + P171g1 — a2 — @212 + Por2gn) (A16)
+(p2 — w2) (a2 — Bopa + vao1y + V2171)
+(—wyraRy — wirRy) — Aogl — M3

Using Equations (3) and (4), one obtains the following:

Ry = $1+ 111 — P1q1 + Wi + wi@ara — wiPagp (A17)

1— wiwy
R, = P2t @2l Y292 + 1w + @rwart — Prwrqs (A18)

1—wiwsy

Using the following:
_(_e _ (e — (v _ (o — (9w2tew
0 = (W) 03 = (W) 0y = (1-3;1(14;2)' 05 = (1-3013;2) 0 = (%)

97 = ({U_lzjif)lz)/ s = (%U_lzif;22>199 = W]ﬁl/ 910 = wzﬁz, 911 = U11W1q, 912 = UppWoy, 613 = (’)/1 —+ ’YZ)/ (A19)

_ _ _ [ Prwi+¢s _ [ ¢1wart¢o _ _
014 = wav21, b15 = (vipwy), 16 = (W),Gw = <17w1wz ), thg = wia1, 019 = aawn

Then the total profit function is as follows:

TPF = —615 — 0317 + 047142 + 05721 — Ogr172 + 077141 + 087242 — Mg — Aoz — rpa® — Bapa®
+09p1 + O19p2 + v1171p1 + V2t2p2 — O1171 — O1272 + V2171 P2 + V12p1T2 — O13P1 P2 (A20)
—01471 — 01572 + Y1711 + Porago — O1671 — O1772 + p1aq + paan — b1g — b9

TPF = —(7y1 4+ 72)p1ip2 + (p1 — w1) (@1 — B1p1 + vi1r1 + viar2) + (p2 — w2) (a2 — Bapa + vpory + v2177)
+(—p1r1 — @17112 + P1r1q1 — Para — @ara® + Paragn)

2
Prwara+@1r1waty — 11wty +warr Wi Pr+watswy P —Wataw1Pag2
1-wiwy
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= (=2B1 p1 +v11r1 — O13p2 — v12r2)p1 + (V11 p1 — 26371 + (87 + ¥1)g1 — v p2 — Osr2 + 0492)11
+(r1 (07 + 1) —2Mq1 +65712)q1 + (=613 p1 +v21r1 —2Bopa + vr2)p2 (A28)
+(v12 p1 — O671 + 0591 + v22p2 — 20510 + (0 + P2)q2)r2 + (Oar1 + (08 + P2)r2 — 2A242)92

Appendix C. Deriving the Optimal Decision Variables

As we have shown previously, if the profit function of the first product is concave,
then one obtains the first derivative of the total profit function, shown in Equation (10),
with respect to the decision variables for the first product and then setting them equal to
zero yields the following:

JOTPF
E 2B1p1 — 11p2 + vur + vt + wif1 — y2p2 + Yowz =0 (A29)
SN (71 +72)p2 + v1ir1 + vt + w11 + 12wr (A30)
2p1
For the return policy, we have the following;:
JOTPF
o vi1(p1 —w1) — ¢1 — 29111 + P1g1 — wiRy + (p2 — wp)v21 =0 (A31)
ey = vi(p1 — w1) + (p2 — w2)va1 — ¢1 + P1g1 — wiRy (A32)
24)1
For the quality level, we obtain the following:
JOTPF
— = 2Mq1 +11P1 =0 (A33)
91
"1y
=17 A34
Ry (A34)
Similarly, for the second product we have the following:
oTPF
o 2T 2Bop2 — Y2p2 + Uaat2 + V12t + Wafr — Y1p1 + w1 =0 (A35)
py = a2 — (71 +72)p1 + vaara + vt + waf2 + Mwy (A36)
2B>
For the return policy, we have the following;:
oTPF
oy U22(p2 — w2) — 2 — 29212 + Yog2 — w2Ry + (p1 —w1)v12 =0 (A37)
N U2 (p2 — w2) + (p1 — w1)v12 — o + Yoo — waRy (A38)
2(p2
For the quality level, we obtain the following;:
oTPF
= —2A2q2 + 1P =0 (A39)
aqz
gy = 2¥2 (A40)
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r

;o 2AM A (1 — w1w2) (U + Piv12) + (Aawrpf — 2A1 Awa 1) (2A1A2(1 — wiwy) ) (Va1p; + v11p;) + S

In addition, after some algebraic simplifications we have the following:

. 2BAAR(1 — wiwy) (vinpi 4 pavar) 4+ (Mwr 3 — 201 A0w192) (2A1A2(1 — wiwy)) (v12p5 + vaaps) + 1
- Z

(A41)

2 = 7 (A42)
where

A= 4)\1)&2(;)1 (1 — (U1a)2) — (1 — wla)z)/\zlp% — a)l(,dz/\zlp% + 2)\1)\26&)1602(;)1 (A43)

B = 4)\1)\2([)2(1 — wlwz) — (1 — wle))LﬂP% — wle/\ﬂP% + 2)\1)\2601602(/72 (A44)

E = 2B (a1 + w1 B1 + Yaw2) — (71 + 72) (a2 + w22 + y101) (A45)

F=2p (0(2 + w2 + 'ylwl) — (’)’1 + "}/2)(061 +w1B1 + ’Yzwz) (A46)

Z = AB — [(—2A1Aw1 92 + wi AM3) X (—2A Aowa gy + wadath?)] (A47)

I = [B2AA(1 — wiwy) (—wqv11 — wovp1 — ¢1) + B2A A (—wi¢pp — wiwadr)] + [—2A Aawr ¢ + wl)mp%] (A48)

X [2A1A2(1 = wywy) (=wp20 — w112 — ¢2) — 2A1A2wa1 — 2A1 w1 wWa ]
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A49
X [2A1A2(1 — wiwz) (w1011 — wavyy — 1) — 2A AW P2 — 2A Agwiw ¢y ] (A49)

= [(2B2v11 — (71 + 72)v21) (2BA1A2021 (1 — wiw2)) + (282011 — (71 + 72)v21) X (2A1A2(1 — w1w2) )
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X (2A1A2(1 = w1wp)vp1) (=241 Apwa 91 + wado )]
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