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1. Introduction

ABSTRACT

In the competitive landscape of customer goods, particularly in the wrapping
paper industry, pricing strategies are critical to achieving market success. This
study presents a novel approach to product pricing by integrating customer
perception quality and service and convenience factors using interval type-2
fuzzy logic system (IT2FLS). The customer perception quality factor is
subdivided into material quality and aesthetics design sub-factors while the
service and convenience factor comprise web-based ordering system as well as
the web-based post-sale customer engagement. The methodology involves
collecting data through customer surveys and expert evaluations to quantify the
perceived importance and performance of each sub-factor. The IT2FLS is
employed to handle the inherent uncertainty and imprecision in experts’
judgment, providing a robust framework for aggregating these qualitative
assessments into a comprehensive pricing model. This IT2FLS allows for the
dynamic adjustment of pricing based on fluctuating customer perceptions and
service levels. The outcome of the proposed IT2FLS is a pricing factor that
serves as a multiplier for the standard product price established by the
company. The new product prices have been validated also considering
historical data and it was found that the prices remain acceptable to customers
without drastically impacting sales. This study contributes to the body of
knowledge on pricing strategies by offering a sophisticated, mathematically
grounded approach that accounts for the complex, fuzzy nature of customer
preferences. The proposed model not only enhances pricing accuracy but also
provides a flexible tool for managers to adapt pricing strategies in real-time
based on customer feedback and service performance.

This is an open-access article under the CC-BY-SA license.

One of the essential determinants in the achievement of product sales success is the
establishment of a price for the product that motivates customers to remit the full purchase cost. This
approach is referred to product pricing strategy, which will increase the likelihood of customer
willingness to pay (WTP), which at the planning phase, the WTP be analysed by monitoring the
historical sales data in relation to price fluctuations and customers segments [1]. Conventional
product price can be established by computing the production expenses and incorporating expected
profit. Nevertheless, industry must take into account growth prospects that necessitate extra resources
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funded by revenues generated from product sales [2]. Therefore, establishing product prices becomes
a vital task for the ongoing operation of an industry.

In order to enhance the WTP of the customers and getting more profit, it is crucial to establish
product pricing exogenously, with a specific emphasis on customers [3]-[5]. The triangle of quality,
performance and price of the product must be built upon customers perceptions. When customers
have a bad perception of a product, they are unwilling to pay its selling price or make a purchase.
Conversely, when the customers have a favourable perception of the product, the they will have a
high WTP, which can lead to substantial profits [6]-[8]. The identification of factors that impact the
quality and performance of a product must be conducted in accordance with the specific nature of
the product intended for sale. For instance, a product that is widely consumed will possess value if it
is consistently available to meet customer’s demand. Therefore, the assessment of product quality
and performance will be based on the service level to the customers that related to inventory
management [9]-[11]. Unlike unique-made products, the quality of a product is influenced by the
quality [12]-[14], the product design [15]-[17] as well as the quality of the services [18]-[20].

The assessment of customer perception of the quality of the product can be conducted by
providing questionnaires to the customers. Nevertheless, it has been seen that quantitative
evaluations of customers' opinions might differ despite having same perceptions. Hence, employing
a modelling approach that relies on natural language variables, such as “high”, “in between high and
medium”, “medium”, “in between medium and low”, or “low” that have continuous domain, rather
than numerical values that have discrete domain, will result in a more equitable study of customers
opinions. Fuzzy logic system (FLS) will be the suitable method for that purpose [21]. While FLS has
been extensively utilised by earlier academics, there is a need for an interval set to represent the
subjective opinions of modellers when a single set is insufficient. During its evolution, the fuzzy set
in FLS has transformed into an interval fuzzy set, which is now referred to as interval type-2 fuzzy

logic (IT2FLS) [22]. The IT2FLS is able to cope with uncertainty better than type-1 fuzzy logic [23].

There are numerous previous studies on product pricing. Nanni and Ordanini [24] have
investigated the effect of digital signage for promoting price discount. Finding of that study
mentioned that digital signage has significant effect to promote discounted price to the customers
compared to traditional method, when it was analysed using linear model. Other studies that
implemented discount strategy in the product pricing can be found in [25]-[27]. Several previous
researchers have conducted studies examining the correlation between customer perceived quality
and product pricing [28]-[30]. The study findings indicate that superior product quality can be used
to establish selling prices that exceed the norm. Nevertheless, certain categories of products are not
subject to a decrease in consumer opinion regarding product quality when discounts are offered [31].

The dynamic nature of exogenous factors in affecting product prices makes FLS a viable option
for modelling these issues. Zhao et al. [32] did a study on estimating the selling prices of products
for two competing companies. They utilised FLS to create a model that takes into account
unpredictable market conditions that impact the product prices. Establishing the selling price of a
product can also be accomplished by identifying the suitable marketing approach for the new product.
Liao [33] utilised the fuzzy-analytical hierarchy and multi-segment goal programming method to
ascertain the optimal approach for a new product, and subsequently establish the appropriate selling
price for the product. Cardone et al [34] have used a fuzzy partition-driven genetic algorithm to
determine the selling price of a real estate by considering both customer preferences and market
offerings. A robust-fuzzy pricing has been considered in the sustainable supply chain design [35] and
an optimised fuzzy inference system has been utilised to predict oil and gas price [36]. Previous
studies have shown that FLS has great potential for accurately representing uncertainty in product
pricing.

This study examines the product pricing analysis of wrapping paper products, specifically taking
into account exogenous aspects such as customer perception quality and service and convenience
factors. From the customer's standpoint, the perceived quality of a wrapping paper product is
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determined by the quality of raw materials that are pliable yet resistant to tearing, as well as an
aesthetical design. Additionally, the service and convenience aspects are analysed from the web-
based ordering system that customers utilise to place an order online, as well as the web-based post-
sale customer engagement that facilitates discussions following a purchase. The investigation will be
conducted based on three the expert perspectives in the company under investigation, specifically
from the domains of marketing, purchasing, and data analysis. In order to account for the subjective
nature of the experts, the IT2FLS method is employed to represent their perspectives. Output of the
proposed IT2FLS is a pricing factor that will be utilised as a multiplier for the company's
predetermined typical selling price. The recommended selling price will be confirmed by comparing
it to previous data on selling prices that are still deemed acceptable by the market. This work makes
a noteworthy contribution by utilising IT2FLS in determining the pricing of wrapping paper
products. It takes into account two external criteria mentioned earlier and also includes a validation
mechanism that uses historical data on appropriate selling price.

2. Method

This research was conducted in five distinct stages: firstly, the current situation was analysed
through system descriptions; secondly, input data in the form of questionnaire responses from
consumers were processed; thirdly, an IT2FLS model was created; fourthly, the output of the IT2FLS
model was analysed; and finally, the results obtained were analysed to ensure feasible for
presentation to the company under investigation. The final step is drawing conclusions Fig. 1 depicts
the flow diagram of this study.

( Start )
¥

System examination through system
description

v

Input processing: using Geometric
Mean to combine customers answers.

¥

IT2FLS Modelling
- Fuzzification
- Rules determination & evaluation
- Rules aggregation
- Type reduction
- Defuzzification

v
Output analysis

v

Conclusion

2

( Stop )

Fig. 1. Flow diagram of this study
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2.1.System description

This study was conducted at a wrapping paper company that manufactures and sells the
products, both within the country and internationally. In addition to taking into account production
costs, selling prices have until far been established based on intuition, without evaluating perceived
quality and customers' convenience and the impact of price changes on sales volume. Actually, when
customers are satisfied, increasing the selling price does not affect the sales volume. Nevertheless,
the company has not conducted any analysis on this matter either.

The company currently possesses a website system that serves the purpose of marketing and
engaging with the customers. Innovation activities frequently involve modifications to products, such
as altering its colour, pattern, and design. Nevertheless, the impact of the product's innovation on
customers satisfaction has not been examined, and this analysis should serve as the foundation for
establishing the product pricing.

2.2.Input processing

The input dataset utilised in this study comprises the outcomes of a questionnaire administered
to a sample of numerous customers of the company. Every input factor will be queried with several
questions, and each question item will be assigned a weight based on its significance from the
customer's viewpoint and assessed using a Likert scale. Geometric Mean method (as shown in Eq.
(1)) is aregularly employed approach by previous researchers to derive the final value from a dataset
that includes minimum, average, and maximum values [37]-[38]. This method can alleviate the
consequences of extremely high or extremely low data, and the final value is formulated as follows

[39].
n 1/1'1
Gq(allaZI ---;an) = <1_[ ai) (1)
i=1
Where:
G : the geometric mean value of question-g.
a : raw data
n : number of data

The aggregate score for the factor will be calculated by summing the weighted value of each question,
expressed by Eq. (2).

Q
FSf = Z Gg X Wq (2)
g=1
Where:
FS : aggregate score of input factor-f’
w : weight of question-g of factor-f’
(0] : number of questions for input factor-f

2.3.IT2FLS modelling

Analysing data using a traditional FLS typically involves four steps that are fuzzification,
determining and evaluating fuzzy rules, using an inference engine, and output defuzzification.
However, this study used IT2FLS analysis, which utilises interval fuzzy sets for both input and output
variables. Therefore, an additional step, known as type reduction, is required prior to the output
defuzzification step. In this study, there are 4 input variables namely material quality (MQ), aesthetic
design (4D), web-based ordering system (WQ), and web-based post-sale customer engagement (Q4)
to determine the output which is pricing factor (PF) as explained in the previous section. Fig. 2 shows
the steps of converting the input variables into output using the proposed IT2FLS, while the
subsequent sub-sections provide a comprehensive explanation of each of these steps.
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Fig. 2. The steps of converting input variables into output using the proposed IT2FLS
2.3.1. Fuzzification

The first step of the IT2FLS is the fuzzification of the input and output variables. This procedure
involves converting precise input values into fuzzy sets to account for the uncertainty and
imprecision that is inherent in real-world data. The Likert scaled input variables will be modelled
using Interval Type-2 Fuzzy Sets (IT2FS), which may accommodate a range of membership values
instead of a single precise value. This approach captures the inherent uncertainty and imprecision in
expert judgement. The fuzzy sets in the IT2FS for each input variable will be determined by
combining triangular and trapezoidal fuzzy sets. The middle interval will reflect the most probable
range of values, while the full range will indicate the level of variability.

Similarly, the output variable will also undergo fuzzification. This procedure entails establishing
the limits of the intervals for the membership functions by utilising historical pricing factor data and
expert knowledge. The final PF output will serve as a multiplier for the standard selling price of the
product, which includes production expenses and the expected profit. According to historical data,
the lowest PF value is observed when the company does not effectively manage the quality of raw
materials and design, as well as the timeliness of response to consumers. Under those circumstances,
the company is only able to increase the selling price by 10%, resulting in a minimum PF value of
1.1. The company attained its best PF score by prioritising the quality and design of the product,
together with promptly addressing consumer needs. Under those circumstances, the selling price can
increase by up to 250% without causing a major decrease in sales volume, therefore, the domain of
PF is discovered to be between 1.1 and 2.5. Fig. 3 below shows the IT2FS for the input and output
variables.
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(a) IT2FS for input variables
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Fuzzy Sets for Pricing Factor (PF)
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(b) IT2FS for the output variable

Fig. 3. IT2FS for the input and output variables

2.3.2. Fuzzy rules determination and evaluation

Human experts with domain-specific knowledge are responsible for determining the fuzzy rules
that are essential to IT2FLS [40]-[43]. In this study, the rules in the IT2FLS were established by three
human experts within the company, specifically individuals with expertise in data science, marketing,
and product design. There are 12 fuzzy rules as follows:

R1
R2

R3

R4
R5
R6

R7

R8

R9
R10:
RI11:
RI12

: IF MQ is High OR AD is High AND WO is High OR QA is High THEN PF is Large
: IF MQ is Average AND AD is High AND WO is High AND QS is Average the PF is

Large

: IF MQ is Average AND AD is High AND WO is Average OR QS is Average the PF is

Large

: IF MQ is Average OR AD is Average AND WO is High OR QS is High the PF is Large
: IF MQ is Low AND AD is Average AND WO is High AND QS is High the PF is Medium
: IF MQ is Average AND AD is High AND WO is Average AND QS is Average the PF is

Medium

: IF MQ is Average OR AD is Low AND WO is Average AND QS is High the PF is

Medium

: IF MQ is Average AND AD is Average AND WO is Average AND QS is High the PF is

Medium

: IF MQ is Low AND AD is Low AND WO is Low AND QS is Low the PF is Small

IF MQ is Low OR AD is Low AND WO is Low AND QS is Average the PF is Small
IF MQ is Low AND AD is Low AND WO is Average AND QS is Low the PF is Small

: IF MQ is Low AND AD is Average AND WO is Average AND QS is Low the PF is

Small

The conjunctions AND and OR in the antecedent will be modelled using the min t-norm and
max s-norm methods which are more representative than other methods [44]-[46]. For the min t-norm
when representing the AND logic, let’s denote two IT2FS by A and B, and their lower and upper

membership functions by [E (), 1, (x)] and [EB (x), g (x)] respectively. The min t-norm operation
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is applied to both the lower and upper membership functions separately, as shown in Eq. (3) — Eq.

4).
ans () = min (14 (), pa (x) ) 3)

Ly () = min (1, (), g (x) ) @)

Therefore, the final interval membership function as the result of the min t-norm is presented in Eq.

(5).
[Banz (), By (O] = [min (14 (), 1 () ) mim (R, (), B ()| 5)

The max s-norm uses max function when representing the OR logic, when it is applied to both the
lower and upper membership functions, the formula is shown in Eq. (6) — Eq. (7).

ans () = max (14 (), 1 (x) ) ©)
Ty () = max (T, (), iy () %)
The final interval membership function of the max s-norm is shown in Eq. (8).
[1408 (), Ty (0] = [max (a0, 15 () ) max (R, G0, By ()| ®)
Where:
Wi : lower membership function and upper membership function, respectively

A, B :input variables
X : crisp value of the input variable

2.3.3. Rules aggregation

The inference engine will be utilised to consolidate the output of each fuzzy rule, while the type
reduction method will be employed to turn the type-2 fuzzy system into a type-1 fuzzy system. The
inference engine utilises the centre-of-set method, and the equations employed are shown in Eq. (9)
[47].

N n,n
=1 /"y
PF(x) = U g:zvl—fn = [yu, yul
frefix) St ©)
ynEyn
The y; and y, can be determined by Eq. (10) - Eq. (11) [48]-[49].
X Y A Bk YT B Y A B S
yi = _min — = —
S D XYL S Y i Rt f I 1 (10)
— —n _ — —n _
Z§=1£nyn + 30k f Y f=1 in}’n + 30 f V"
Yy = max = —n (11)
kelv=1] ﬁ:lfin + X0k f %=1£n +¥n-r41f
Where:
f : firing interval of a fuzzy rule
y : output of a fuzzy rule
n : index of fuzzy rule
N : number of fuzzy rules
k : shifting point from lower to upper fuzzy set
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The value of & for L (lower) and U (upper) (as shown in Eq. (12) - Eq. (13)) will be decided when
the following conditions are met.

XL S }’l S J_/L+1 (12)
¥ <y, <y’ ™ (13)

This study utilised the Karnik-Mendel (KM) algorithm [47] for the type reduction, which is presented
below.

The steps of KM algorithm for y; are presented in Eq. (14) — Eq. (23).

Step 1 : Sort y, = (n =1, 2, ..., N) ascendingly, therefore 21 < XZ < < XN. Calculate the
F™(x) x y™.
Step 2 : Initialise f™ by formula as follows

—n
m Lt (14)
2
Step 3 : Compute:
N nfn
n=1Y f
y = —Llf" (15)
Step4 :Findthe k (1 <k < N — 1) such that:
Xk < y < Xk+1 (16)
Step 5 : Define:
fons<k
n
n_ 1L =
f {i”,n >k (7
Step 6 : Compute:
N nen
=1 Y"'f
y' = ”N——n (18)
n=1f

Step 7 : Check if y’ =y, if yes then stop and set y;=y and L = . If no, go to Step 8.

Step 8 : Sety =y’ and go to Step 4.

Similar with KM algorithm for y;, the KM algorithm for y, is as follows:

Step1 : Sorty, = (n=1,2, ..., N) ascendingly, therefore il < ?2 <. < iN. Calculate the

F'(x) xy".
Step 2 : Initialise f™ by formula as follows

—n
fr= L : ! 19)
Step 3 : Compute:
—n
.o o
Step4 :Findthe k (1 < k < N — 1) such that:
7 <y <! 1)

Step 5 : Define:
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ffn<k
= {:n (22)
f n>k
Step 6 : Compute:
N —Men
n=1f

Step 7 : Check if y’ =y, if yes then stop and set y,=y and U = k. If no, go to Step 8.
Step 8 : Sety =y’ and go to Step 4.
2.3.4. Defuzzification

The defuzzification formula considers the intermediate value of y; and y, as the crisp output. The
defuzzification formula is presented by Eq. (24).

Vit Y

PF =
2

(24)

2.4. Output analysis

The result of the suggested IT2FLS is a scalar value that represents a multiplier factor applied
to the basic selling price of the product. Therefore, it is crucial to validate the multiplier factor in
order to prevent an excessively high selling price that could lead to a significant decrease in product
sales or possibly no sales whatsoever.

Several previous researchers have examined the prediction of product selling prices by
analysing its historical data [50]-[52] to have better market conditioning and resources planning.
Hence, a reverse approach can be employed to validate the selling prices of products, by comparing
them with past sales data. This study uses validating the output of product pricing by analysing
historical sales data, including the number of sales and the prices at which the products were sold.
The analysis was conducted using Microsoft Excel software to derive an equation that relates the
selling price of a product to its sales volume. If the selling price result of the IT2FLS is substituted
into the equation and does not result in zero sales, then the selling price of the IT2FLS product can
be considered valid.

3. Results and Discussions

The questionnaire has been administered to 50 customers of the company and the weight,
statistical result, the G and FS value is shown in Table 1.

Table 1. The weight, statistical result, G and FS value of the questionnaire
Questions Weight | Minimum | Average | Maximum G FS
Factor: raw materials quality
1. The wrapping paper feels
durable and sturdy 0.15 3 4.05 > 3.93
2. Texmre of the wrapping paper 0.05 3 470 5 414
is smooth and consistent
3. The colours of the wrapping 3.95
paper are vibrant and true to 0.05 3 3.82 5 3.86
the description
4. The wrapping paper has an
appealing finish (glossy & 0.10 3 4.16 5 3.97
matte)
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The thickness of the wrapping
paper is suitable for various
wrapping needs

0.05

4.78

4.15

The wrapping paper does not
tear easily during use

0.10

4.18

3.97

The printed designs on the
wrapping paper are of high
quality

0.10

4.09

3.94

The wrapping paper holds up
well under tape and other
adhesives

0.10

4.69

4.13

The raw materials used in the
wrapping paper appear to be of
high quality

0.15

3.90

3.88

10.

The wrapping paper has a
premium look and feel

0.15

3.73

3.82

Factor: Aesthetic design

1.

The designs on the wrapping
paper are visually appealing

0.20

4.11

3.95

2.

The color combinations used
in the wrapping paper are
attractive

0.10

3.73

3.82

The patterns on the wrapping
paper are unique and creative

0.10

4.75

3.62

The wrapping paper designs
suit a variety of occasions
(e.g., birthdays, holidays, etc.)

0.10

4.23

3.99

3.94

The wrapping paper designs
align well with current trends

0.10

4.27

4.00

The overall aesthetic of the
wrapping paper enhances the
gift-giving experience

0.20

3.94

3.90

I am likely to recommend the
wrapping paper to others based
on its design

0.20

4.69

4.13

Factor: Quality of the web system
to place customised order

1.

The website is easy to navigate

0.10

4.51

4.07

2.

The custom order process is
straightforward and simple

0.10

3.80

3.85

3.

The website loads quickly and
performs well

0.05

4.66

4.12

The design and layout of the
website are visually appealing

0.05

3.91

3.39

It is easy to find information
about product options and
customisation

0.15

4.10

3.95

The website provides clear and
detailed instructions for
placing custom orders

0.10

4.46

4.06

The payment process on the
website is secure and efficient

0.10

3.99

3.91

The customer support options
available on the website are
helpful

0.10

3.51

3.75

3.94

Purnomo & Saputro (Product pricing based...)
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9. The website accurately
displays previews of custom 0.10 3 4.53 5 4.08
wrapping paper designs

10. Overall, I am satisfied with my
experience using the website to 0.15 3 4.35 5 4.03
place custom orders

Factor: Quality of the web system

for after sales service

1. The website is easy to use for
accessing after-sales services

2. Itis simple to find the contact
information for customer 0.15 3 4.59 5 4.10
support on the website

3. The response time from the

0.10 3 4.21 5 3.98

0.15 3 3.90 5 3.88

customer support team is 0.10 3 4.77 5 4.15
satisfactory

4. The website provides useful 404
and clear information about 0.15 3 4.58 5 4.10 '

after-sales services

5. The live chat or messaging
system on the website is 0.15 3 4.29 5 4.01
efficient and effective

6. The website allows me to
easily track and manage my 0.20 3 4.51 5 4.07
after-sales service requests

7. Overall, I am satisfied with the
after-sales services provided 0.10 3 4.21 5 3.98
through the website

The IT2FLS has been implemented using the Python programming language. Based on Table 1
above, the input values for MQ, AD, WO, and QA are 3.95, 3.94, 3.94, and 4.04 correspondingly.
The IT2FLS produces a PF of 1.8. The present basic selling price of the wrapping paper product is
IDR 20,000. Therefore, the selling price (SP) for the next sales can be set at IDR 36,000, which is
1.8 times the current price.

Prior to being proposed to the company, the new selling price will be verified by comparing it
with the historical selling price and sales volume. Table 2 displays past data regarding the selling
price and the corresponding sales volume (S¥). On the other hand, Fig. 4 illustrates the trend line of
the relationship between the selling prices and the sales volume.

Table 2. The past data on the selling price and the corresponding sales volume

Data | Selling Price | Sales Volume
1 24000 120

2 32000 90

3 24000 100

4 15000 145

5 26000 95

6 16000 143

7 20000 140

8 20000 138

9 29000 100

10 18000 137

11 30000 98

12 27000 111
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13 18000 140
14 21000 137
15 28000 105
Selling Price VS Sales Volume
160
140 Yog. 94
5 120 T
= SV'=-0.00365P+20317 g
g 100 R*=0.8676 e te
. 80
=
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@ 20
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] 5000 10000 15000 20000 25000 30000 35000
Selling Price (5F) (IDR)

Fig. 4. Trend line of the relationship between the selling prices and the sales volume

The SV equation indicates that when all input factors are perceived as unfavourable by customers
and no sales occur (SV = 0), the maximum SP is determined to be IDR 56,436, -. Since the suggested
new SP remains below the maximum SP, it can be concluded that the new product SP is worth
recommending to the company. Given the new SP and assuming that all input elements are perceived
unfavourable by customers, the projected SV can be calculated as -0.0036 x 36000 + 203.1774 = 74
units. However, the SV can be enhanced by increasing the input factors from the customers'
perspective, hence making the implementation of the new product's SP of IDR 36,000 more viable
for the company.

The determination of selling pricing in this study primarily relies on customers perceptions of
product quality and service systems. This approach ensures that the selling price of new products is
still considered affordable by customers. Historical data clearly demonstrates that the new price
remains below the maximum price that consumers are willing to tolerate. This study diverges
significantly from the approach taken by previous researchers, specifically Coskun and Yalciner [2],
who determined the selling price of products by reducing the overall cost to a level that remained
satisfactory to consumers. FLS is employed as a validation technique for proposed new prices.

4. Conclusion

This study presents the development of an IT2FLS with the purpose of recommending the most
suitable pricing for wrapping paper. The system takes into account several criteria such as material
quality, aesthetic design, web-based ordering system, and web-based post-sale customer
engagement. The proposed model recommends a price that is below the maximum threshold at which
the company does not make any sales, demonstrating its potential for practical implementation in the
company's pricing strategy. By leveraging the IT2FLS, the company can better navigate the
complexities of market dynamics, customer preferences and experts’ opinion.

While the study provides valuable insights, it is not without limitations. Future research could
expand the model's scope by including additional factors and applying it to other product categories.
Optimisation of the fuzzy sets’ parameters, real-world validation and iterative refinement of the
model based on actual sales data are recommended to further enhance its reliability and effectiveness.

Purnomo & Saputro (Product pricing based...) 172



IJIO Vol 5. No. 2, September 2024 p. 161-176

Acknowledgment: The authors express their utmost gratitude to the company that served as the object of this
study, for providing data and granting permission to engage with experts in order to gather their insights.

Conflicts of Interest: The authors declare no conflict of interest.

References

[1] P.K.S.Prakash, N. Gandhi, and S. Jain, “Bayesrec: Personalize Search Ranking with Customer
Attribute-Level Willingness-To-Pay using Heterogeneous Booking Choice Data”, International
Journal of Hospitality Management, vol. 94, pp. 1-11, 2021, doi: 10.1016/j.ijhm.2021.102885.

[2] G. T. Cos kun, and A. Y. Yalginer, “Determining the Best Price with Linear Performance
Pricing and Checking with Fuzzy Logic”, Computers & Industrial Engineering, vol. 154, pp.
1-14. 2021, doi: 10.1016/j.cie.2021.107150.

[3] J. Zhao, W. Tang, and J. Wei, “Pricing Decision for Substitutable Products with Retail
Competition in a Fuzzy Environment”, International Journal of Production Economics, vol.
135, pp. 144-153,2012, doi: 10.1016/1.ijpe.2010.12.024.

[4] G. P. Cachon, and C. Terwiesch, “Retail Assortment Planning in the Presence of Consumer
Search”, Manufacturing & Service Operations Management, vol. 7, no. 4, pp. 330-346, 2005,
doi: 10.1287/msom.1050.0088.

[5] A. G. Kok, and M. L. Fisher, “Demand estimation and assortment optimization under
substitution: methodology and application”, Operations Research, vol. 55, no. 6, pp. 1001—
1021, 2007, doi: 10.1287/opre.1070.0409.

[6] R.H.W. Boyer, A. D. Hunka, M. Linder, K. A. Whalen, and S. Habibi, “Product Labels for the
Circular Economy: Are Customers Willing to Pay for Circular?”, Sustainable Production and
Consumption, vol. 27, pp. 61-71, 2021, doi: 10.1016/j.spc.2020.10.010.

[7] B. T. Hazen, D. A. Mollenkopf, and Y. Wang, “Remanufacturing for the Circular Economy:
An Examination of Consumer Switching Behavior”, Business Strategy and the Environment,
vol. 26, no. 4, pp. 451-464, doi: 10.1002/bse.1929.

[8] E. van Welden, R. Mugge, and C. Bakker, “Paving the way towards circular consumption:
exploring consumer acceptance of refurbished mobile phones in the Dutch market”, Journal of
Cleaner Production, vol. 113, pp. 743-754, 2016, doi: 10.1016/j.jclepro.2015.11.065.

[9] L. Hou, T. Nie, and J. Zhang, “Pricing and inventory strategies for perishable products in a
competitive market considering strategic consumers”, Pricing and inventory strategies for
perishable products in a competitive market considering strategic consumers, Transportation
Research Part E, vol. 184, pp. 1-23, 2024, doi: 10.1016/j.tre.2024.103478.

[10] J. H. Rios, and J. R. Vera, “Dynamic pricing and inventory control for multiple products in a
retail chain”, Computers & Industrial Engineering, vol. 177, pp. 1-12, 2023, doi:
10.1016/j.¢1e.2023.109065.

[11] F. Solari, N. Lysova, M. Bocelli, A. Volpi, and R. Montanari, “Perishable Product Inventory
Management In The Case Of Discount Policies And Price-Sensitive Demand: Discrete Time
Simulation And Sensitivity Analysis”, Procedia Computer Science, vol. 232, pp. 1233-1241,
2024, doi: 10.1016/j.procs.2024.01.121.

[12] P. Narwal, and J. K. Nayak, “How consumers form product quality perceptions in absence of
fixed posted prices: Interaction of product cues with seller reputation and third-party reviews”,
Journal of Retailing and Consumer Services, vol. 52, pp. 1-14, 2020, doi:
10.1016/j.jretconser.2019.101924.

[13] J. Kong, F. Yang, and M. Jin, “Pricing, or time-to-market? Product introduction for quality
differentiated products with delayed network effects”, Computers & Industrial Engineering, vol.
168, pp. 1-14, 2022, doi: 10.1016/j.cie.2022.108070.

[14] D. M. Li, A. Nagurney, and M. Yu, “Consumer Learning of Product Quality with Time Delay:
Insights from Spatial Price Equilibrium Models with Differentiated Products”, Omega, vol. 81,
pp. 150-168, 2018, doi: 10.1016/j.omega.2017.10.007.

[15] C. H. Wu, “OEM product design in a price competition with remanufactured product”, Omega,

173 10.12928/ijio.v5i2.10825


https://doi.org/10.1016/j.ijhm.2021.102885
https://doi.org/10.1016/j.cie.2021.107150
https://doi.org/10.1016/j.ijpe.2010.12.024
https://doi.org/10.1287/msom.1050.0088
https://doi.org/10.1287/opre.1070.0409
https://doi.org/10.1016/j.spc.2020.10.010
https://doi.org/10.1002/bse.1929
https://doi.org/10.1016/j.jclepro.2015.11.065
https://doi.org/10.1016/j.tre.2024.103478
https://doi.org/10.1016/j.cie.2023.109065
https://doi.org/10.1016/j.procs.2024.01.121
https://doi.org/10.1016/j.jretconser.2019.101924
https://doi.org/10.1016/j.cie.2022.108070
https://doi.org/10.1016/j.omega.2017.10.007

IJIO Vol 5. No. 2, September 2024 p. 161-176

vol. 41, pp. 287-298, 2013, doi: 10.1016/j.omega.2012.04.004.

[16] S. Zuliarni, D. Kartikasari, B. Hendrawan, and S. S. W. Siregar, “The impact of buying intention
of global fashion on local substitute: The role of product design and price”, Heliyon, vol. 9, pp.
1-11, 2023, doi: 10.1016/j.heliyon.2023.e22160.

[17] B. Theozzo, and M. T. dos Santos, “A robust optimization framework for forest biorefineries
design considering uncertainties on biomass growth and product selling prices”, Computers &
Chemical Engineering, vol. 175, pp. 1-20, 2023, doi: 10.1016/j.compchemeng.2023.108256.

[18] J. Ma, F. Si, Q. Zhang, and Z. Wang, “Impact of extended warranty service on product pricing
in online direct retailers’ competitive market”, Energy Economics, vol. 129, pp. 1-21, 2024, doi:
10.1016/j.eneco0.2023.107217.

[19] L. Ma, F. Yang, M. Lin, and W. Xue, “Pricing and quality decisions for standardized and
collaborative services in a home health care service platform”, Transportation Research Part
E, vol. 181, pp. 1-31, 2024, doi: 10.1016/j.tre.2023.103366.

[20] A. F. Zakaria, S. C. J. Lim, and M. Aamir, “A pricing optimization modelling for assisted
decision making in telecommunication product-service bundling”, International Journal of
Information — Management  Data  Insights, vol. 4, pp. 1-14, 2024, doi:
10.1016/j.jjimei.2024.100212.

[21] L. Huitzil, F. Alegre, and F. Bobillo, “GimmeHop: A recommender system for mobile devices
using ontology reasoners and fuzzy logic”, Fuzzy Sets and Systems, vol. 401, pp. 55-77, 2020,
doi: 10.1016/.fs5.2019.12.001.

[22] H. Li, X. Dai, L. Zhou, and W. Yang, “Multi-criteria constrained interval type-2 fuzzy decision-
making: A space analysis perspective”, Information Sciences, vol. 669, pp. 1-15, 2024, doi:
10.1016/j.ins.2024.120581.

[23] G. Sahin, I. Akkus, A. Koc, and W. van Sark, “Multi-criteria solar power plant siting problem
solution using a GIS-Taguchi loss function based interval type-2 fuzzy approach: The case of
Kars Province/Turkey”, Heliyon, vol. 10, pp. 1-20, 2024, doi: 10.1016/j.heliyon.2024.e30993.

[24] A. Nanni and A. Ordanini, Digital signage for promoting price discounts: First insights into
customer spending on distant and nearby discounted products, Journal of Retailing, vol. 100, 2,
2024, doi: 10.1016/j.jretai.2024.05.004.

[25] P. Rutsaert, J. Donovan, M. Murphy, and V. Hoffmann, “Farmer decision making for hybrid
maize seed purchases: Effects of brand loyalty, price discounts and product information”,
Agricultural Systems, vol. 218, pp. 1-16, 2024, doi: 10.1016/j.agsy.2024.104002.

[26] H. H. Chang, L. C. Lu, and T. C. Kuo, “Are discounts useful in promoting suboptimal foods for
sustainable consumption and production? The interaction effects of original prices, discount
presentation modes, and product types”, Journal of Retailing and Consumer Services, vol. 79,
pp. 1-11, 2024, doi: 10.1016/j.jretconser.2024.103881.

[27] R. Chen, H. Zhou, C. Jin, and J. Liu, “Discount or premium? Pricing of structured products: An
analysis of Chinese market”, International Review of Financial Analysis, vol. 70, pp. 1-9, 2020,
doi: 10.1016/.irfa.2020.101493.

[28] S. C. Pant, R. Saxena, N. K. Gupta, H. Yadav, S. K. AD, and D. K. Pant, “The organic odyssey:
Navigating the influence of attitude on purchase intent, mediated by perceived value, quality,
and price in India”, Journal of Retailing and Consumer Services, vol. 79, July, 103801, 2024,
doi: 10.1016/j.jretconser.2024.103801.

[29] S.Hu,J. Lu, and Y. Jin, “Can price still be an honest signal of products’ quality? — A perspective
of blockchain adoption”, Computers & Industrial Engineering, vol. 189, pp. 1-16, 2024, doi:
10.1016/j.c1e.2024.109945.

[30] C. Chen, D. Zhang, L. Zhu, and F. Zhang, “Promoting green choices: How price premium
displays influence consumer preference for green products”, Resources, Conservation &
Recycling, vol. 207, pp. 1-11, 2024, doi: 10.1016/j.resconrec.2024.107682.

[31] D. Zheng, Y. Chen, Z. Zhang, and H. Che, “Retail price discount depth and perceived quality
uncertainty”,  Journal of Retailing, vol. 98, pp. 542-557, 2022, doi:
10.1016/j.jretai.2021.12.001.

[32] J. Zhao, W. Tang, R. Zhao, and J. Wei, “Pricing decisions for substitutable products with a

Purnomo & Saputro (Product pricing based...) 174


https://doi.org/10.1016/j.omega.2012.04.004
https://doi.org/10.1016/j.heliyon.2023.e22160
https://doi.org/10.1016/j.compchemeng.2023.108256
https://doi.org/10.1016/j.eneco.2023.107217
https://doi.org/10.1016/j.tre.2023.103366
https://doi.org/10.1016/j.jjimei.2024.100212
https://doi.org/10.1016/j.jjimei.2024.100212
https://doi.org/10.1016/j.fss.2019.12.001
https://doi.org/10.1016/j.ins.2024.120581
https://doi.org/10.1016/j.heliyon.2024.e30993
https://doi.org/10.1016/j.jretai.2024.05.004
https://doi.org/10.1016/j.agsy.2024.104002
https://doi.org/10.1016/j.jretconser.2024.103881
https://doi.org/10.1016/j.irfa.2020.101493
https://doi.org/10.1016/j.jretconser.2024.103801
https://doi.org/10.1016/j.cie.2024.109945
https://doi.org/10.1016/j.resconrec.2024.107682
https://doi.org/10.1016/j.jretai.2021.12.001
https://doi.org/10.1016/j.jretai.2021.12.001

IJIO Vol 5. No. 2, September 2024 p. 161-176

common retailer in fuzzy environments”, European Journal of Operational Research, vol. 216,
no. 2, pp. 409-419, 2012, doi: 10.1016/j.ejor.2011.07.026.

[33] C. N. Liao, “Fuzzy analytical hierarchy process and multi-segment goal programming applied
to new product segmented under price strategy”, Computers & Industrial Engineering, vol. 61,
pp. 831-841, 2011, doi: 10.1016/j.cie.2011.05.016.

[34] B. Cardone, F. Di Martino, and S. Senatore, “Real estate price estimation through a fuzzy
partition-driven genetic algorithm”, Information Sciences, vol. 667, pp. 1-24, 2024, doi:
10.1016/j.ins.2024.120442.

[35] A. Amiri, H. A. Khalili, and A. Mehrabian, “Supply chain design of sustainable photovoltaic
systems considering robust-fuzzy pricing and optimization”, Optik, vol. 302, pp. 1-17, 2024,
doi: 10.1016/j.ijle0.2024.171721.

[36] S. Das, T. P. Sahu, and R. R. Janghel, “Oil and gold price prediction using optimized fuzzy
inference system based extreme learning machine”, Resources Policy, vol. 79, pp. 1-15, 2022,
doi: 10.1016/j.resourpol.2022.103109.

[37] S. Furtado, and C. R. Johnson, “Efficiency of any weighted geometric mean of the columns of
a reciprocal matrix”, Linear Algebra and its Applications, vol. 680, pp. 83-92, 2024, doi:
10.1016/j.1aa.2023.10.001.

[38] M. Vikram, R. M. Bhattacharjee, P. S. Paul, and L. S. Vinay, “Determinants of prioritised
influencing factors on coal spontaneous combustion propensity — A Fuzzy Delphi-geometric
mean analytic hierarchy process”, Fuel, vol. 356, 2024, doi: 10.1016/j.fuel.2023.129541.

[39] E. W. Weisstein. 2024. "Geometric Mean." From MathWorld--A Wolfram Web Resource.
Available at: mathworld.wolfram.com/GeometricMean.html.

[40] L. Golciik, E. D. Durmas, and R. Sahin, “Interval type-2 fuzzy development of FUCOM and
activity relationship charts along with MARCOS for facilities layout evaluation”, Applied Soft
Computing, vol. 128, pp. 1-20., 2022, doi: 10.1016/j.as0c¢.2022.109414.

[41] G. Ruiz-Garcia, H. Hagras, H. Pomares, and I. R. Ruiz, “Towards a Fuzzy Logic System Based
on General Forms of Interval Type-2 Fuzzy Sets”, IEEE Transactions on Fuzzy Systems, vol.
27,n0. 12, pp. 2381-2395, 2019, doi: 10.1109/TFUZZ.2019.2898582.

[42] D. J. Singh, N. K. Verma, A. K. Ghosh, and A. Malagaudanavar, “An application of interval
type-2 fuzzy model based control system for generic aircraft”, Applied Soft Computing, vol.
121, pp. 1-17, 2022, doi: 10.1016/j.as0c.2022.108721.

[43] X. Feng, Y. Yu, X. Wang, J. Cai, S. Zhong, H. Wang, X. Han, J. Wang, and K. Shi, “A hybrid
search mode-based differential evolution algorithm for auto design of the interval type-2 fuzzy
logic system”, Expert Systems With Applications, vol. 236, pp. 1-13, 2024, doi:
10.1016/j.eswa.2023.121271.

[44] G. J. Klir, and B. Yuan, Fuzzy Sets and Fuzzy Logic: Theory and Applications. USA: Prentice-
Hall, 1995.

[45] J. M. Mendel, H. Hagras, W. W. Tan, W. W. Melek, and H. Ying, Introduction to Type-2 Fuzzy
Logic Controller, New Jersey: John Wiley & Sons, Inc., 2014, doi: 10.1002/9781118886540.

[46] O. Castillo and P. Melin, Type-2 Fuzzy Logic: Theory and Applications, Berlin Heidelberg:
Springer-Verlag, 2008, doi: 10.1007/978-3-540-76284-3.

[47] J. M. Mendel, Uncertain Rule-Based Fuzzy System: Introduction and New Direction,
Switzerland: Springer International Publishing, 2017, doi: 10.1007/978-3-319-51370-6.

[48] J. M. Mendel and D. Wu, Perceptual Computing: Aiding People in Making Subjective
Judgments. Hoboken, NJ: Wiley-IEEE Press, 2010, doi: 10.1002/9780470599655.

[49] D. Wu and J. M. Mendel, “Enhanced Karnik-Mendel Algorithms”, IEEE Trans. on Fuzzy
Systems, vol. 17, no. 4, pp. 923-934, 2009, doi: 10.1109/TFUZZ.2008.924329.

[50] Z. Yan, F. Tian, Y. Sun, and S. Wang. “A time-frequency-based interval decomposition
ensemble method for forecasting gasoil prices under the trend of low-carbon development”,
Energy Economics, vol. 134, pp. 1-11, 2024, doi: 10.1016/j.eneco.2024.107609.

[51] X. Xu, and Y. Zhang, “Price forecasts of ten steel products using Gaussian process regressions”,
Engineering Applications of Aurtificial Intelligence, vol. 126, pp. 1-13, 2023, doi:
10.1016/j.engappai.2023.106870

175 10.12928/ijio.v5i2.10825


https://doi.org/10.1016/j.ejor.2011.07.026
https://doi.org/10.1016/j.cie.2011.05.016
https://doi.org/10.1016/j.ins.2024.120442
https://doi.org/10.1016/j.ijleo.2024.171721
https://doi.org/10.1016/j.resourpol.2022.103109
https://doi.org/10.1016/j.laa.2023.10.001
https://doi.org/10.1016/j.fuel.2023.129541
mathworld.wolfram.com/GeometricMean.html
https://doi.org/10.1016/j.asoc.2022.109414
https://doi.org/10.1109/TFUZZ.2019.2898582
https://doi.org/10.1016/j.asoc.2022.108721
https://doi.org/10.1016/j.eswa.2023.121271
https://doi.org/10.1002/9781118886540
https://doi.org/10.1007/978-3-540-76284-3
https://doi.org/10.1007/978-3-319-51370-6
https://doi.org/10.1002/9780470599655
https://doi.org/10.1109/TFUZZ.2008.924329
https://doi.org/10.1016/j.eneco.2024.107609

IJIO Vol 5. No. 2, September 2024 p. 161-176

[52] W. Liu, C. Wang, Y. Li, Y. Liu, and K. Huang, “Ensemble forecasting for product futures prices
using variational mode decomposition and artificial neural networks”, Chaos, Solitons &
Fractals, vol. 146, pp. 1-15, 2021, doi: 10.1016/j.chaos.2021.110822.

Purnomo & Saputro (Product pricing based...) 176


https://doi.org/10.1016/j.chaos.2021.110822

