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Abstract. Although check cards are gaining great popularity among young Koreans,

research on check cards itself is still lacking, and studies on optimizing the benefits of

check cards have not been conducted so far. In this study, we formulate a mathematical

model that maximizes the benefits of check cards mainly used by college students. Based

on this, a numerical experiment will be conducted to validate the model and propose the

best way to select and use a check card in order to maximize the benefits that fit each

user’s lifestyle.
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1. Introduction. The check card was derived from VISA Check Card, an offline debit
card developed by VISA card to respond to debit cards issued by US banks, and it was
introduced by BC Card in 1999. After then, it appeared as a payment method under the
name of ‘check card’ in LG Card in 2000 [1]. A check card is a kind of debit card that
is linked to a bank account and can be freely used at credit card merchants within the
account balance. In other words, it can be said to be a combination of the two advantages
of a one-time payment of debit card and a wide range of merchants of credit card [2]. A
debit card and a check card have the same method of withdrawing from the bank account
at the time of payment, but the debit card uses the financial network, whereas the check
card uses the computer network of the credit card. Therefore, unlike check card networks
that operate 24 hours a day, debit cards cannot be used during the check-up of the
financial network, and since the affiliates stores of banks and their payment networks
are not well established, credit and check cards are mainly used in Korea. In addition,
as various simple payment services such as Kakao Pay, Samsung Pay, and Naver Pay
are being commercialized in Korea, the possibility of using debit cards seems low in the
future.

According to the Bank of Korea’s economic statistics system, the cumulative number of
check cards issued as of 2019 is over 130 million. Moreover, in 2019 alone, the number of
transactions and total transaction amount reached about 660 million and 11 trillion won,
respectively, and are steadily increasing. This is because a check card has the convenience
of a credit card as a payment method, and at the same time can freely pay within the
deposit balance, thereby eliminating the side effect of overconsumption [3-5]. Especially,
the rate of use of check cards in their 20s was 76.7%, which is the highest in all age
groups. The reason why the ratio of people in their 20s is so high seems to be the result
of the difficulty of issuing credit cards and the easy living using pocket money linked with
their account [6]. Although it is called pocket money, they experience quite independent
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decision-making in consumption, and their spending is relatively large [7]. In addition,
since he/she will be employed in the next few years and act as a leading consumer in
the future, their consumption behavior will be more important than anything else. In
fact, the analysis of consumption behavior of young people is currently being conducted
steadily in various ways [8]. However, despite this trend, not many previous studies on
check cards have been conducted. Not only is there a lack of research conducted from
the perspective of consumers on how check cards are recognized and used by modern
consumers, but it is difficult to find the research itself because the history of check cards
is not long compared to the credit card introduced in 1968 in Korea [9,10]. In addition,
since most of foreign young people own the debit card, which is different from the Korean
check card as mentioned above, there has been little research on check cards abroad [11].
In this paper, we study how to select and use Korean check cards with different discount

rates according to the types of benefits for each card company in order to maximize the
benefits (discount amount). There are relatively many studies examining the relationship
between price discounts and customers’ shopping behavior or payment methods when
using debit/credit cards, but, to the best of the authors’ knowledge [12-14], no studies
have been conducted on how to maximize overall discounts/benefits using check cards
from a consumer’s point of view. Furthermore, most of the studies on Korean check cards
mentioned above are also related to card usage behavior. Therefore, this study proposes a
mathematical model maximizing the benefits of Korean check cards from the perspective
of customers and proves the validity of the mathematical model by deriving the optimal
check card use polices through numerical experiments that reflect the spending behavior
of college students.
The rest of this paper is organized as follows. Section 2 presents a mathematical mod-

el that maximizes the benefits of check cards from the perspective of check card users.
Section 3 conducts some numerical experiments with three scenarios to verify the mathe-
matical model established in the previous section. Section 4 concludes and discusses some
topics to be tackled in the future.

2. Model Formulation. In this section, we formulate a mathematical model that max-
imizes the benefits from the point of view of a check card user. To begin, we define the
symbols used in the model below.
i: Type of check card, i = 1, 2, . . . , c
j: Type of benefits, j = 1, 2, . . . , b
Xi,j: Payments to benefit type j of card i, i = 1, 2, . . . , c, j = 1, 2, . . . , b
βi,j: Discount rate for the amount paid to benefit type j of card i, i = 1, 2, . . . , c,

j = 1, 2, . . . , b
ni,j : Number of payments to benefit j of card i (ni,j = 1, 2, . . . , nmax), i = 1, 2, . . . , c,

j = 1, 2, . . . , b
γi,j: Maximum discount for benefit type j of card i, i = 1, 2, . . . , c, j = 1, 2, . . . , b
u+

i,j(u
−

i,j): Upper (lower) bounds of payment to receive discount for benefit type j of card
i, i = 1, 2, . . . , c, j = 1, 2, . . . , b

di,k: kth (k = 1, 2) threshold when monthly total payments to card type i (i =
1, 2, . . . , c) is divided into three interval values, where di,1 < di,2

si,k: kth (k = 1, 2, 3) maximum discount amount when monthly total payments to
card type i (i = 1, 2, . . . , c) is divided into three interval values by di,1 and di,2,
where si,1 < si,2 < si,3

h: Maximum monthly expendable amount
m: Number of cards a customer holds, 1 ≤ m ≤ c

pj : Weight for benefit type j (j = 1, 2, . . . , b),
∑b

j=1
pj = 1
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Now, from the customer’s point of view, we can formulate a mathematical model that
expresses which type of check card to choose and how much to spend on which benefits
in order to maximize his/her benefits, with the following relevant constraints:

max

c
∑

i=1

b
∑

j=1

(pjβi,jni,jXi,j (1− Zi,j) + pjγi,jZi,j) (1)

u−

i,j ≤ Xi,j ≤ u+

i,j for i = 1, 2, . . . , c, j = 1, 2, . . . , b (2)

b
∑

j=1

(βi,jni,jXi,j (1− Zi,j) + γi,jZi,j) ≤ si,1Wi,1 + si,2Wi,2 + si,3Wi,3 for i = 1, 2, . . . , c (3)

c
∑

i=1

b
∑

j=1

ni,jXi,j ≤ h (4)

c
∑

i=1

Vi ≤ m (5)

c
∑

i=1

ni,j ≤ nmax for j = 1, 2, . . . , b (6)

Zi,j =

{

1, if βi,jni,jXi,j ≥ γi,j

0, otherwise
for i = 1, 2, . . . , c, j = 1, 2, . . . , b (7)

Vi =











1, if
b

∑

j=1

Xi,j > 0

0, otherwise

for i = 1, 2, . . . , c (8)

Wi,1 =











1, if

b
∑

j=1

ni,jXi,j < di,1

0, otherwise

for i = 1, 2, . . . , c (9)

Wi,2 =











1, if di,1 ≤

b
∑

j=1

ni,jXi,j < di,2

0, otherwise

for i = 1, 2, . . . , c (10)

Wi,3 =











1, if di,2 ≤
b

∑

j=1

ni,jXi,j

0, otherwise

for i = 1, 2, . . . , c (11)

(1) represents an objective function that maximizes benefits. The first term is a case
where the amount of benefits does not reach the maximum amount, which can be ex-
pressed as a product of weight, discount rate, number of uses, and total payment amount,
while the second term is a case where the discount amount reaches the cap and no fur-
ther discount is offered, so the benefit is provided at the maximum discount. (2)-(6) show
the constraints. (2) means that in order to receive benefits provided by card companies,
the amount used must fall within the range of the amount set by the card company. (3)
represents a constraint that the sum of the benefits provided by a single card company
cannot exceed the maximum value of the benefits provided by the card. The amount
of benefits offered changes depending on the total monthly payment, which is classified
into three ranges. (4) restricts the maximum amount a customer can spend for month.
In (5), the number of cards a customer can hold is limited. (6) represents that the number



410 S.-I. NA, H.-J. JANG AND J.-D. SON

of uses for any one particular benefit cannot be used indefinitely. (7)-(11) represent an
indicator function whose value is 1 if the condition is satisfied and 0 otherwise.
The purpose of this study is to propose the best way to select and use a check card by

determining the payment amount Xi,j for the benefits provided by credit card company
in (1) in order to maximize the total benefits under the given constraints.

3. Numerical Experiments. In this section, we conduct some numerical experiments
to verify the mathematical model established in the previous section, and based on the
numerical results we derive the best way to select and use check cards to maximize the
benefits. Five types of check cards, thirteen types of benefits for each card, and the
maximum discount amount depending on the monthly payment amount is introduced
in the numerical experiment, the details of which are shown in Table 1. The numerical
experiments are conducted for the following three scenarios with two different types of
card that a customer can hold.
Scenario 1: Monthly payment amount is less than 500,000 won.
Scenario 2: Monthly payment amount is less than 700,000 won.
Scenario 3: Customer’s preference for the benefits (primary public transport, sec-

ondary shopping) when monthly payment amount is less than 500,000 won.
The numerical results obtained by the optimization software ‘LINGO10.0’ for each

scenario are shown in Table 2.
The meanings of the results in Table 2 are as follows.
1) Scenario 1. It is best to use two cards to pay 300,000 won with a Kookmin Bank

check card to receive a benefit of 20,000 won, and for 200,000 won to receive a benefit of
10,000 won by using a Woori Bank check card; as a result, the total benefit of 30,000 won
can be received.
2) Scenario 2. When the monthly usage amount is 700,000 won, it is best to pay 500,000

won with Kookmin Bank’s check card to receive a benefit of 30,000 won and 200,000 won
with Woori Bank’s check card to receive a benefit of 10,000 won; as a result, the total
benefit of 30,000 won can be received. Card payment is made for 11 kinds of benefits,
which are two more benefit compared to Scenario 1. Except for the two types of benefits,
music streaming app and the delivery app, the card payment is made for all benefits. This
means that as the total spendable amount increases, the card must be used for various
types of benefits in order to receive greater benefits.
3) Scenario 3. Unlike Scenarios 1 and 2, the most preferred benefit is assumed to be the

benefit of public transportation with the weight of 0.9. In this case, it is the best to use
Kookmin and Shinhan Bank’s check card. The reason why the Shinhan card is chosen over
Woori card is that Shinhan Bank’s 3,000 won discount has a comparative advantage over
Woori Bank’s 2,000 won discount. In addition, Woori Bank’s check card and Kookmin
Bank’s check card have the same discount on public transportation of 2,000 won, but
Kookmin Bank’s check card seems to have been selected because the maximum discount
amount is larger than Woori Bank’s check card. Therefore, Scenario 3 can benefit from
25,000 won, which is 5,000 won less than Scenario 1, but the most preferred benefit from
the public transportation increases by 1,000 won.

4. Conclusions and Considerations. Although check cards are gaining great popu-
larity among young Koreans, research on check cards itself is still lacking, and studies on
optimizing the benefits of check cards have not been conducted so far. In this study, we
formulated a mathematical model that maximizes the benefits of check cards mainly used
by college students. Based on this, a numerical experiment was conducted to verify our
model and the best way of using a check card in order to maximize the discount benefits
according to the benefits preference and the monthly usage amount was suggested. From
the results of the numerical experiment, we have the following. 1) Using 500,000 won or
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Table 2. Numerical experiment results

Benefits

Scenarios
Scenario 1 Scenario 2 Scenario 3

Selected card Kookmin Woori Kookmin Woori Kookmin Shinhan

1. Shopping X
40,000 ∗ 2
= 80,000

X
20,000 ∗ 3
= 60,000

X
35,000 ∗ 4
= 140,000

2. Delivery app X X X X X X

3. Convenience store
18,000 ∗ 3
= 54,000

10,000 ∗ 1
= 10,000

20,000 ∗ 3
= 60,000

10,000 ∗ 2
= 20,000

20,000 ∗ 3
= 60,000

–

4. Music streaming X X X X X X

5. Family restaurant
47,000 ∗ 2
= 94,000

X
50,000 ∗ 1
= 50,000

X
50,000 ∗ 1
= 50,000

X

6. Cafe
10,000 ∗ 2
= 20,000

–
20,000 ∗ 4
= 80,000

10,000 ∗ 2
= 20,000

13,500 ∗ 1
= 13,500

–

7. Cinema –
30,000 ∗ 1
= 30,000

20,000 ∗ 2
= 40,000

–
20,000 ∗ 1
= 20,000

–

8. Amusement park – X
50,000 ∗ 1
= 50,000

X – X

9. Bookstore – X
50,000 ∗ 2
= 100,000

X
23,800 ∗ 1
= 23,800

X

10. Language test X
30,000 ∗ 2
= 60,000

X
40,000 ∗ 2
= 80,000

X X

11. Phone bill 82,000 X 70,000 X 83,700 –

12. Public transport 50,000 – 50,000 –
50,000
(2,000)

60,000
(3,000)

13. etc. X
10,000 ∗ 2
= 20,000

X
10,000 ∗ 2
= 20,000

X –

Payment amount/
total benefits

300,000/
20,000

200,000/
10,000

500,000/
30,000

200,000/
10,000

300,000/
20,000

200,000/
5,000

700,000 won per month can receive 30,000 won and 40,000 won per month, respectively,
using two check cards from Kookmin Bank and Woori Bank. 2) In a situation where col-
lege students put the high priority on the public transportation benefits, using Shinhan
Card instead of Woori Bank’s check card reduces the total benefits, but maximizes the
benefits from public transportation.
If the check card benefit optimization model proposed in this study is used as a basic

algorithm for developing personalized applications, it could help check card users with
various usage behaviors to make reasonable consumption decisions.
In this study, since the mathematical model was formulated based on only the check

card benefits provided by five card companies, considering credit card benefits or check
card benefits from more than five card companies can be an interesting topic be tackled
in the future.
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