
Citation: Huang, Y.-Y.; Li, L.;

Tsaur, R.-C. Smartphone Market

Analysis with Respect to Brand

Performance Using Hybrid

Multicriteria Decision Making

Methods. Mathematics 2022, 10, 1861.

https://doi.org/10.3390/

math10111861

Academic Editors: Zenonas Turskis

and Manuel Alberto M. Ferreira

Received: 20 April 2022

Accepted: 24 May 2022

Published: 29 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

mathematics

Article

Smartphone Market Analysis with Respect to Brand
Performance Using Hybrid Multicriteria Decision
Making Methods
Yin-Yin Huang 1, Liwei Li 1 and Ruey-Chyn Tsaur 2,*

1 School of Economics and Management, Nanchang Vocational University, 308 Provincial Road, Anyi County,
Nanchang 330500, China; yinyin625@gmail.com (Y.-Y.H.); lwli1224@sina.com (L.L.)

2 Department of Management Sciences, Tamkang University, No.151 Yingzhuan Rd., Tamsui District,
New Taipei 25137, Taiwan

* Correspondence: rctsaur@yahoo.com.tw

Abstract: In this era of information explosion, smartphones have become a necessary device in our
daily life. In order to select a better smartphone, most users try to collect more attributes to help them
purchase their own smartphones, including the brand image from the advertisements, features from
the specifications, word-of-mouth from their peers, and the average sales from some secondary data
webs. In order to assist the users to evaluate the brand performance from the market attributes, in
this paper, we selected nine smartphone brands and used multi-criteria decision-making methods
to rank the smartphones’ functions. We first use TOPSIS to evaluate word-of-mouth, together with
average sales collected from the website of each brand, and the brand image obtained by the use of
questionnaires. Finally, we summarize the final rankings of these smartphone brands. The brand
performance analysis shows that our proposed hybrid method can significantly derive the overall
rankings of smartphone brands.

Keywords: brand image; word of mouth; smartphone; multi-criteria decision-making methods; TOPSIS

MSC: 90Bxx; 90B50; 90B60

1. Introduction

Most users replace their smartphones when brand manufacturers roll out the new gen-
erations with new features, and then they arrange for the old ones to be reused or recycled.
In our daily life, without smartphones, we almost cannot forward the information to our
community, transact in e-commerce, or provide health information during the COVID-19
pandemic. Therefore, the number of smartphone users has been increasing significantly,
and most consumers are presented with a cornucopia of choices in smartphones, and
how to evaluate the satisfaction of a smartphone brand has become an important concern
for consumers. Rahim et al. [1] concluded that product features, brand name, and social
influence have a significant relationship with purchasing intention. In South Korea, the
most important smartphone attribute is brand, and the next purchasing of users depends
not only on their brand loyalty but also on the satisfaction of their high innovation [2]. In
addition, most consumers indicate that price is a quality-signaling cue, which reflects the
conventional wisdom that “you get what you pay for” [3]. In online shopping, customers
tend to compare the objective prices with reference prices and then form their perceptions
of price [4]. Price, as a heuristic cue, is more readily observable than quality [5]. Obvi-
ously, smartphones with better functions, word-of-mouth, and brand image do not imply
better sales because price is also a significant criterion for sales. Thus, we believe that if
the global average sales of a particular brand of smartphones are higher than average,
this meant that this particular brand is perceived as a good brand, providing high brand
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performance. Therefore, in this study we also adopt average sales as an evaluated criterion
for brand performance.

The brand is an important attribute for consumers when selecting products in the
field of marketing research, and thus manufacturing motivates consumers to interact
with smartphone advertisements and stimulates their decisions to purchase. However,
there still are the other attributes that can be included to provide more information for
smartphone selection, which is still lacking in theoretical approaches to formulate the
synthesis of performance analysis, which can help to understand the digital technologies
implementation in marketing. In order to cope with this problem, we consider extending the
theory of marketing approaches and defining the conceptual framework of the assessment
of the multicriteria decision-making models for the marketing theory of brand performance
analysis. Therefore, in order to propose the brand performance procedure, we define
the attributes of functions, word of mouth, brand image, and average sales to formulate
brand performance analysis. Then, the research procedure can proceed as follows: firstly,
we choose the more common smartphone market as our focus, and searched through
the literature to find the qualitative and quantitative characteristics of functions of these
phones to construct the evaluation criteria for conducting the VIKOR method to evaluate
the selected brands of smartphone. Next, we use the quantitative analysis method TOPSIS
to analyze the word of mouth from the evaluation of experts, where the selected criteria
are defined by the i-Buzz Research Center. Finally, we then designed a questionnaire that
captured all the above information. Data are then collected from experts and analyzed.
Results are used to construct a SMARTROC method to obtain the total brand performance
of each smartphone brand, and finally to rank these brands by the results of functions,
word-of-mouth, brand image, and average sales.

Based on the above discussion, the conceptual framework of the assessment of the
multicriteria decision-making models for the marketing theory of brand performance
analysis is shown in Figure 1.
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2. Literature Reviews

In this modern age, people have been accustomed to using smartphones in their daily
lives, and thus they occupy a huge portion of the consumer market. Smartphone users
not only consider the price and features of the smartphone but also its emotional word-
of-mouth and brand image. However, the smartphone warranty period usually covers
only one year, most consumers have to do their due diligence in selecting their mobile
phones with higher involvement. For high-involvement product purchases, consumers
require multiple sources of information and gladly receive advice and evaluation from
others in order to minimize uncertainty and risk of their purchase decision. Past studies
have mostly focused on the frameworks of smartphone systems and/or functions, such
as comparing different operating systems [6–8], evaluating operating systems using fuzzy
MCDM model [9], analyzing the functions of a smartphone [10,11], discussing aesthetic
attributes of products [12] and classifying smartphone users reactions [13,14]. Analyzing
and measuring word-of-mouth is quite valuable in helping companies and consumers
make decisions [15]. Product word-of-mouth is embedded in customer reviews and ratings,
and then we can transform textual communication information into quantitative measures.
Hyrynsalmi et al. [16] use quantitative analysis methods such as statistical analyses of
reviews to assess the product word-of-mouth and predict sales. Zhang and Lu [17] indicate
that the emotion gap in consumer product reviews significantly affects product sales.
Archak et al. [18] decompose textual reviews into segments and formulate product features,
and they use these new feature measurements to predict sales. Ghose and Ipeirotis [19]
construct multiple measurements, including subjectivity, readability, and spelling errors, to
predict the effect of reviews on sales and their perceived usefulness. Keller [20] summarizes
that brand image encompasses consumers’ perceptions from brand associations in the
memory. Therefore, brand image can be defined as the collection and combination of ideas,
feelings, and attitudes to the products received from consumers [21,22]. A positive brand
image is key in attracting consumers to make a purchase when the need arises. Brand
image can help consumers process or recall product information and can act as product
differentiation or brand extension, and this may increase consumers’ purchases [23,24].
Grewal et al. [25] pointed out that the more brand awareness, the more the perceived
quality will be positive. Brand management enables a company’s products to be more
value-added. This not only helps to increase the possibilities of higher profits for the
company, but it also enables consumers to distinguish the products quickly from their
competitors. Aaker [26] pointed out that the consistency of brand image is a very important
business investment as it not only consolidates the loyalty of its core customers but also
plays an important role in developing new product segmentation. A great brand not only
attracts consumers but also retains the confidence and loyalty of its customers. To sum
up, the brand is the most important criterion when consumers make a decision to buy a
product, but the amount of sales of the product depends mostly on the satisfaction of those
who currently own the brand. Therefore, brand performance is a good decision-making
tool for the smartphone brand to evaluate the degree of satisfaction that most customers
have with their next purchase.

3. Research Methodologies

In terms of function, because of the choice in this study of a variety of brands to be
explored for the smartphone function, it requires the use of a variety of smartphone brands’
users’ comments. Therefore, this study collects the evaluations from ten store managers
who work in the mobile communication shop for the selected nine smartphone brands. In
terms of word-of-mouth, this study required those who use social networks, forums, and
other platforms to discuss smartphones or who use the web to watch evaluators. Therefore,
the study found that, of those who use the Internet to research 3C product evaluation, the
total number is 15. In both studies, nine kinds of smartphone brands, respectively, are
selected for comparison.
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3.1. Shannon’s Entropy

Shannon’s entropy provides objective weights with which to solve uncertainty infor-
mation because it uses only the information from indicators. The first step is to measure the
entropy of each candidate attribute and then extend the information delivery for the entire
decision-making situation. Finally, compare the entropy of each criterion and calculate the
weight relative to each other. The steps are as follows:

Step 1 Evaluation criteria for standardization:

fij =
xij√

∑n
i=1 x2

ij

, i = 1, 2, · · · , n. j = 1, 2, · · · , m (1)

where i is evaluation criteria, j is evaluation alternatives.
Step 2 Calculate the entropy of each criterion:

ei = −K ∑n
i=1 fijlog fij, i = 1, 2, · · · , n (2)

where K = 1
log n is a constant to ensure all the ei is between 0 and 1.

Step 3 Determine the weight of each criterion:

wi =
1− ei

∑n
i=1(1− ei)

, i = 1, 2, · · · , n (3)

3.2. The VIKOR Model

VIKOR is a compromise multi-attribute decision making proposed by Opricovic [27],
where a positive ideal solution indicates the alternative with the highest value while a
negative ideal solution indicates the alternative with the lowers value. The objective is to
maximize group utility while minimizing individual regrets, as the steps are illustrated as
follows:

Step 1 Construction of decision matrix.
Step 2 Determine the positive ideal solution F+ and the negative ideal solution F−

values of all criteria:
f+ = maxj fij, i = 1, 2, · · · , n (4)

f− = minj fij, i = 1, 2, · · · , n (5)

Step 3 Computation of the values Sj and Rj:

Sj = ∑n
i=1 wi

(
f+i − fij

)
/
(

f+i − f−i
)

(6)

Rj = maxi
[
wi
(

f+i − fij
)
/
(

f+i − f−i
)]

(7)

In the equation, Sj represents the group utility, Rj represents the individual regret, and
wi is the relative weights among the various assessment criterion,

(
f+i − fij

)
/
(

f+i − f−i
)

represents the distance closeness of the positive ideal solution. At this time, when Sj value
is smaller or Rj value is larger, the alternative j is better.

Step 4 Compute the values Qj:

Qj =
v
(
Sj − S+

)
S− − S+

+
(1− v)

(
Rj − R+

)
R− − R+

(8)

where S+ = minjSj, S− = maxjSj, R+ = minjRj, R− = maxjRj.
When the value of mechanism coefficient v is greater than 0.5, it represents the prefer-

ence to pursue the group utility; when the value of v is less than 0.5, it means the individual
has attached importance.

Step 5 Rank the preference order by the Qj value: the smaller the value of Qj, the better
result. With that, each Qj size can be ranked accordingly.
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3.3. The TOPSIS Model

TOPSIS method [28] is proposed to find an alternative that is nearest to the positive
ideal solution and the farthest from the negative ideal solution, where the positive ideal
solution has the maximum benefit or minimum cost; on the other hand, the minimum
benefit or maximum cost is a negative ideal solution. TOPSIS can be evaluated by following
the decision matrix, with m alternatives and n attributes:

D =



x11 x12 · · · x1j · · · x1n
x21 x22 · · · x2j · · · x2n

...
...

...
...

xi1 xi2 · · · xij · · · xin
...

...
...

...
xm1 xm2 · · · xmj · · · xmn


(9)

The intersection of each alternative and criteria is given as xij. Follow the steps below
to find the optimal alternative:

Step 1 Original values normalization: Normalization aims to eliminate comparability
and consistency between indicators and units. Let rij be the element of normalization
decision matrix R, represented as Equation (10), and we can calculate rij using Equation (11).

R =



r11 r12 · · · r1j · · · r1n
r21 r22 · · · r2j · · · r2n
...

...
...

...
ri1 ri2 · · · rij · · · rin
...

...
...

...
rm1 rm2 · · · rmj · · · rmn


(10)

rij =
xij√

∑m
i=1 x2

ij

(11)

Step 2 Calculate the weighted normalized decision matrix: Let matrix V be the
weighted normalized decision matrix expressed as follows:

V =



w1r11 w2r12 · · · wjr1j · · · wnr1n
w1r21 w2r22 · · · wjr2j · · · wnr2n

...
...

...
...

w1ri1 w2ri2 · · · wjrij · · · wnrin
...

...
...

...
w1rm1 w2rm2 · · · wjrmj · · · wnrmn


(12)

where vector w = (w1, w2, · · · , wn) is weight value of the decision criterion, while wj is the
relative weight of the j the criterion, and ∑n

j=1 wj = 1.
Step 3 Determine the positive ideal solution A+ and the negative ideal solution A−

values as below:

A+ =
(
v+1 , v+2 , · · · , v+m

)
= minivij, i = 1, 2, · · · , m (13)

A− =
(
v−1 , v−2 , · · · , v−m

)
= maxivij, i = 1, 2, · · · , m (14)
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Step 4 Calculate the distance between each alternative with the positive ideal solution
(S+

i ) and with a negative ideal solution (S−i ):

S+
i =

√
∑n

j=1

(
vij − v+j

)2
, i = 1, 2, · · · , m (15)

S−i =

√
∑n

j=1

(
vij − v−j

)2
, i = 1, 2, · · · , m (16)

where S+
i is the distance between ith evaluation target and the positive ideal solution, S−i

is the distance between ith evaluation target and the negative ideal solution.
Step 5 Calculate relative closeness Ci:

Ci =
S−i

S+
i − S−i

, 0 < Ci < 1, i = 1, 2, · · · , m (17)

Step 6 Rank the alternatives: The best alternative is the one with the greatest relative
closeness value Ci, in which it means an alternative that is the nearest to a positive ideal
solution and the farthest from a negative ideal solution.

3.4. SMART–ROC Method

SMART was proposed by Edwards [29], as a simple multi-attribute assessment de-
cision making. This method is based on linear additive or simple multiplicative models
for aggregating single criterion evaluation. The SMART model is most appropriate for
an analysis where identified alternatives are distinct. The steps used in this study are
illustrated below:

Step 1 Define the problem and decision-makers.
Step 2 Determine the decision element and objective decision-making: By clarifying

the decision elements, especially the objective decision-making to describe the situation,
and finally, defined real objective decision-making.

Step 3 Elaboration viable alternative: Sources of the alternatives can be divided into
two categories, one is the past experience of decision-makers or the decision-group, and
the other is the experience of others.

Step 4 Confirm the relevant attribute of viable alternative evaluation: Deconstructing
the objectives to secondary and sub-objectives and establishing the target level architecture.

Step 5 Rank the attributes according to the degree of importance: Rank n attributes
according to the degree of importance using subjective value.

Step 6 Give the relative weight by the degree of importance of each attribute.
Step 7 Weight normalization.
Step 8 Measure the value of the alternative in each of the attributes: After evaluating

the attributes and their weights, the assessment attributes are evaluated with a value
between 0 and 100 as follows:

Maximizing attribute : uj
(
xij
)
=

xij −mini
{

xij
}

maxi
{

xij
}
−mini

{
xij
} × 100, ∀j (18)

Minimization attribute : uj
(
xij
)
=

maxi
{

xij
}
− xij

maxi
{

xij
}
−mini

{
xij
} × 100, ∀j (19)

Step 9 Find the best alternative: The best alternative is selected based on the simple
additive weighting method (SAW) and find the highest utility value among the subjective
utility Ui of the i-th alternative as follows:

Ui = ∑n
j=1 wjUj

(
xij
)

(20)
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SMART–ROC is used to improve SMART on step 6 and step 7. Evaluate the importance
of assessment attributes using the swing weighting method, the weight value through the
gravity method is wi =

1
n ∑n

k=i
1
k . The essential in determining weight in the ROC method

is the order of weight and the number of attributes.

4. Data Analysis and Results

This study aims to explore the brand performance of selected brand smartphones by
functions, brand image, word of mouth, and average sales. First, we chose nine brand
smartphones as research indicators, and we used the VIKOR model to rank the smartphone
functions of the nine brand smartphones; next, we used TOPSIS to evaluate the word
of mouth with average sales from the website of each brand smartphone, and the brand
image obtained by the use of questionnaires. Finally, we used the SMARTROC method to
calculate the final rankings of these brand smartphones.

4.1. The VIKOR Model

In terms of function, 31 items were selected from the seven types of attributes sepa-
rately for the nine brands in our questionnaire. The function mean scores of the selected
brand smartphones were calculated from the original data items and shown in Table 1.

Table 1. Original matrix of the function.

Attributes
Items

Brand
A B C D E F G H I

Smartphone Size 7.1 5.5 7.3 6.4 7.1 7 6.1 7.2 6.2
Appearance Weight 7 6 7.2 6.2 7.2 7.2 6.2 7.1 6.3

CPU 7.1 5.9 7.1 6.1 6.7 6.6 6.1 7.2 6.2
Mainboard RAM 7.1 6.3 7.2 6.2 6.8 6.5 6.2 7.3 6.2

Radiator 6.9 6.1 7.3 6.1 6.7 6.7 6.4 6.6 6

Sensors 7.6 5.6 7.4 6.1 6.3 5.9 6.2 7.5 6.2
Input Main camera 7.1 5.8 7.5 5.9 6.5 6.3 6.4 7.3 6.2

Device Front camera 7.1 5.9 7.5 6.1 6.4 6.4 6.4 7.2 6.2
Light sensor 7.3 5.8 7.4 5.8 6.4 6.3 6.6 7.4 6.3

Display size 7.1 6.3 7.3 6.7 7.2 6.4 6.6 7.2 6
Output Display resolution 7.5 6 7.5 6.5 7.2 6.6 6.8 7.3 6
Device Speakers 7.4 6.1 7.1 6.4 7 6.3 6.5 7 6

Sound 7.3 6 7.4 6.3 7 6.7 7 7.2 5.7

Battery capacity 7.2 6.2 7.1 6.7 6.9 6.7 6.6 7.2 6
Battery Battery life 7.3 6.4 6.8 6.4 7 7 6.5 7.2 5.9

Performance Talk time 7.6 6.6 6.8 6.3 6.8 7.2 6.6 7.1 5.8
Standby time 7.4 6.7 7 6 6.6 7.3 6.7 7.3 5.5

Operating system 7.3 6.3 7.5 6.4 6.9 6.6 6.8 6.9 6.2
User interface 7 6.3 7.3 6.5 6.5 6.9 6.5 7.1 6.4

Systems Drivers 7.2 6.1 7.4 6.1 7.1 6.4 6.8 7.1 6.2
Database mgmt 7.8 6 7.5 6.2 6.9 6.7 6.8 6.9 6

Connectivity 7.6 6.2 7.6 6 7.1 6.6 6.5 7 6.3
Download mgmt 6.8 6.3 7.3 6.3 7.2 6.8 6.5 6.7 6.2

Word processing 6.6 6.7 7 6.1 7.5 7 6.7 7.6 6.3
calendar 6.7 6.3 7.2 6.3 7.3 7.1 6.7 7.5 6.1

Web browser 6.7 6.9 7.5 6.6 7.4 7 6.7 7.1 6.1
Applied Maps 6.8 6.5 7.5 6.5 7.5 7 6.8 7.5 6.6
Software Clock 7.2 6.5 7.5 6.5 7.4 6.7 6.6 7.4 6.3

Input method 6.5 6.7 7.6 6.3 7.3 6.8 6.5 7.4 6.5
Data synchronization 7.2 6.7 7.3 6.6 7.4 6.9 6.8 7.2 6.4

Multimedia 6.6 6.8 7.4 6.7 7.2 7.1 6.7 7.4 6.7

Step 1 Calculate the weight of evaluation attributes:
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Let the selected 31 functions be the evaluation items, for objective evaluation, we
use the average scores of items to evaluate the attribute weights using the entropy method.
Original values are normalized using Equation (1), and we calculated the entropy value using
Equation (2), before calculating the weight using Equation (3), the values are shown in Table 2.
We placed these weights into the VIKOR model to evaluate the smartphone functions.

Table 2. The weight of smartphone functions.

Attributes Weight Attributes Weight

Smartphone
Appearance 0.1800 Battery Performance 0.1305

Mainboard 0.1123 Systems 0.1105
Input Device 0.2256 Applied Software 0.0845

Output Device 0.1521

Step 2 Determine the positive ideal solution F+ and the negative ideal solution (F−)
values of all criteria: Find the positive ideal solution and the negative ideal solution of
every criterion from Table 1 using Equations (4) and (5).

Step 3 Computation of the values Sj and Rj: This study uses entropy to determine the
relative weights. We input the weights into the VIKOR model, calculate the group utility Sj
and the individual regret Rj using Equation (6), and we can find the values of S+, S−, R+,
R− from Table 3.

Table 3. The group utility and the individual regret.

Brand A B C D E F G H I

Sj 0.1286 0.9032 0.0383 0.7874 0.3172 0.4688 0.6330 0.1183 0.8744

Rj 0.0501 0.2256 0.0373 0.1987 0.1414 0.1650 0.1414 0.0451 0.1650

Step 4 Compute the values Qj: After determining the group utility Sj and the individual
regret Rj, we then are able to compute Qj using Equation (8), subsequently, we substitute
the v value as 0.5 into the equation. In Table 4, the smaller the value Qj, the better result.
As S+ represents the maximized group utility and R+ represents the minimized individual
regret; thus, the smaller the value Qj, the closer it is to the maximized group utility and the
minimized individual regret.

Table 4. The function evaluation value Qj..

Brand A B C D E F G H I

Qj 0.0862 1.0000 0.0000 0.8616 0.4377 0.5880 0.6203 0.0669 0.8225

From the above results, we can find that Brand C has the smallest Qj value whose
function is better than the other brands, and Brand H and Brand E are ranked second and
third. Therefore, the VIKOR method can be used to derive useful information to evaluate
the functional differences.

4.2. The TOPSIS Method

In this step, derived from the i-Buzz Research Center, we select nine features to
evaluate the word of mouth of smartphone brands. Then, the nine types of brand mean
scores are obtained and shown in Table 5.
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Table 5. Original matrix of the word of mouth.

Criteria
Brand

A B C D E F G H I

Built-in function 6.8 5 5.4 4.1 4.5 4 5.6 5.3 5.3
Support expansion 4.8 5.7 5.8 4.7 4.6 4 6.1 5.5 5
Appearance design 7.5 4.7 4.9 4.1 4.6 3.6 5.7 5.7 4.6

System 6.6 5.2 4.9 4.1 4.6 4 5.5 5.5 4.3
Service 7 5.2 4.3 4.3 4.1 3.9 4.9 4.9 4.2

Camera and quality 7.6 5 5.6 4.1 4.1 3.9 6.4 6.3 3.6
Price 4.2 6.2 4.9 4.2 4.1 4.5 5.5 4.8 6.2
Video 7.3 5 5.5 4.1 4.5 4.2 5.9 6.3 4.2

Application 6.8 5.1 5.2 4 4.4 3.8 5.8 5.4 4.7

Step 1 Normalization: We first normalize the values in Table 5.
Step 2 Calculate the weight of evaluation criteria: Let these nine word-of-mouth items

be the evaluation criteria, and use the entropy method to calculate their weight. Original
values are normalized using Equation (1), before calculating the entropy value using
Equation (2). We can then calculate the weights using Equation (3), the values obtained are
shown in Table 6. Therefore, we use these weights in the TOPSIS method to facilitate the
evaluation of word of mouth.

Table 6. The word of mouth weight.

Criteria Weight

Built-in function 0.0832
Support expansion 0.0535
Appearance design 0.1456

System 0.0825
Service 0.1095

Camera and quality 0.2093
Price 0.0821
Video 0.1325

Application 0.1020

Step 3 Calculate the weighted normalized decision matrix: We use the entropy method
to find the weight of each criterion.

Step 4 Determine the positive ideal solution A+ and the negative ideal solution A−

values: Find the positive ideal solution and the negative ideal solution of every criterion
using Equations (13) and (14).

Step 5 Calculate the distance between each alternative with the positive ideal solution
(S+

i ) and with a negative ideal solution (S−i ).
Step 6 Calculate the relative closeness of each alternative to the ideal solution Ci:

Calculate the relative closeness of each alternative to the ideal solution using Equation (17),
the results are shown in Table 7, where the bigger the value Ci, the greater preference
for alternatives.

Table 7. The Ci value.

Brand A B C D E F G H I

Ci 0.3958 0.2513 0.2630 0.0785 0.1145 0.0407 0.3372 0.3220 0.1595

In Table 7, Brand A has the greatest value of Ci, which implies the word-of-mouth
of Brand A is better than the others. Compared to function and word-of-mouth, the best
brand by different attributes is different. Therefore, using more attributes can derive more
sufficient information to evaluate brand performance.
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4.3. The SMART Model

Using the assessment attributes of brand performance, we set the attribute weight
according to the surveyed order of each attribute from the SMART ROC method, the
weight for each attribute is shown in Table 8. Normalize the assessment criterion using
Equations (18) and (19), before converting the values of assessment attributes to [0, 100]
criterion. Add them up to get the average, and then multiply the weight of assessment
attributes. The brand performance of the brand is obtained by summing them up, the
results are shown in Table 9. In addition, in the questionnaire of the TOPSIS process, we
also survey the brand image of the selected smartphone brands. The ranking orders from
first to last are listed as follows: Brand A, Brand C, Brand G, Brand H, Brand E, Brand I,
Brand B, Brand D, and Brand F. Therefore, the score of brand images are normalized as
shown in the fourth row of Table 9. Then, the average sales for each smartphone brand are
adopted from IDC in Taiwan which are listed in the fifth row of Table 9. Finally, we can
rank the smartphone brands by their brand performance; the results are shown in Table 10.

Table 8. The attribute weights.

Item Assessment Attributes Order of Attribute ROC Weight

1 Function 2 0.2708

2 Brand image 1 0.5208

3 Average sales 4 0.0625

4 Word of mouth 3 0.1458

Table 9. The result by SMART–ROC analysis.

Evaluation
Attributes

Weight
Brand Average Value

A B C D E F G H I

Function 0.2708 91.38 0.00 100.00 13.84 56.23 41.20 37.97 93.31 17.75

Word of
mouth 0.1458 100.00 59.30 62.61 10.66 20.79 0.00 83.50 79.22 33.45

Brand image 0.5208 100.00 25.00 87.50 12.50 50.00 0.00 75.00 62.50 37.50

Average sales 0.0625 71.72 5.06 15.42 2.352 18.48 2.52 100.00 10.35 21.90

Total value 95.8882 21.9822 82.7423 11.9591 45.4533 11.3145 68.0582 70.0155 30.5825

Table 10. The ranking of brand performance.

Brand A B C D E F G H I

Rank 1 7 2 8 5 9 4 3 6

In Table 9, Brand A has the greatest value of brand performance which implies the
total weighting values of Brand A is better than the others, and we also can find Brand
C, Brand H, and Brand G are ranked second, third, and fourth. Significantly, Brand A
dominates the other brands in the attributes of word-of-mouth and brand image, whereas
the performance in the function and average sales are not the greatest. In addition, the
Brand C dominates the others in the attribute of function but is worst in the average sales;
therefore, the brand performance is worse than Brand A. Compared to Brands H and G,
Brand H just significantly dominates Brand G in function, but Brand H is worse than Brand
G in the other attributes. By considering more attributes in brand performance, we can
extend the marketing analysis with more sufficient information.
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4.4. Sensitivity Analysis and Discussion

This study hopes to make the weight selection more objective, and then we add the
weight calculated by entropy to obtain the average weight as in Table 11. Normalize
the assessment attributes using Equations (18) and (19), before converting the value of
assessment attributes to [0, 100] criterion. Add them up to get the average, and then
multiply the weight of assessment attributes. Table 12 shows the brand performance of the
brands. Rank smartphone brands by their brand performance; the results are shown in
Table 13.

Table 11. The attribute weights.

Item Evaluation Attribute Entropy Weight ROC Weight Average Weight

1 Function 0.3384 0.2708 0.2652

2 Brand image 0.2595 0.5208 0.4296

3 Average sales 0.0677 0.0625 0.1067

4 Word of mouth 0.3344 0.1458 0.1985

Table 12. The brand performance analysis by average weight analysis.

Evaluation
Attribute

Weight
Average Value

A B C D E F G H I

Function 0.2652 91.38 0.00 100.00 13.84 56.23 41.20 37.97 93.31 17.75

Word of
mouth 0.1985 100.00 59.30 62.61 10.66 20.79 0.00 83.50 79.22 33.45

Brand image 0.4296 100.00 25.00 87.50 12.50 50.00 0.00 75.00 62.50 37.50

Average sales 0.1067 71.72 5.06 15.42 2.352 18.48 2.52 100.00 10.35 21.90

Total value 94.6965 23.0510 78.1834 11.4073 42.4908 11.1951 69.9314 68.4253 29.7939

Table 13. The ranking of brand performance.

Brand A B C D E F G H I

Rank 1 7 2 8 5 9 3 4 6

After adjusting the objective weights to the selected attributes, as shown in the last
row of Table 12, we can find that the brand performance values are all different from
the last row of Table 9, whereas the ranked order for the selected brands is almost the
same except Brands G and H as shown in Table 13. However, the gap between Brands
G and H is shortened when the objective weights for the attributes are used. Thus, after
weighting, brands with a better brand image performed better. The results show that the
customers who buy their favorite brand of smartphone are most affected by the brand’s
image. Therefore, we can find the smartphone brand is perceived to be more important
than the smartphone functions and average sales. We suggest that when consumers make
a decision to buy a product, brand performance is a good decision-making tool for the
smartphone brand to evaluate the degree of satisfaction for most customers to their next
purchase. In this study, we use some factors to rank smartphones by the SMART method for
decision analysis. They are transparent to the decision-maker’s thought processes. Multi-
attribute decision analysis tools are able to assist decision-makers in making preferences
and in quantifying these values for ranking comparison.

In the future, the use of digital technologies to organize operational processes in dif-
ferent environments is considered effective and efficient [30]. Only using one attribute to
evaluate the brand values might not be enough. According to Khalid and Naumova [31],
more attributes should be considered since the COVID-19 pandemic. These programs and
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applications in a smartphone may include 3D printing, computer-aided design and manu-
facturing, product life cycle management, customer relationship management programs,
virtual assistance, artificial intelligence, and so on. Addressing these new technologies
during the learning process of future professionals allows for enhancing the digital devel-
opment of smartphones. Therefore, in this study, we do not only consider the attributes of
brand marketing, but also we extend the marketing approaches and define the conceptual
framework of the assessment of the multicriteria decision-making models for the marketing
theory of brand performance analysis to consider the possibility in the future.

In this study, we propose a framework that is limited by the proposed models, includ-
ing VIKOR, TOPSIS, and SMART–ROC to assess brand performance with both quantitative
and qualitative data. Future research should focus on (1) expanding the testing of MCDM
models and choosing the best MCDM models for brand performance analysis, (2) establish-
ing comprehensive threshold values and decision criteria according to various hardware
specifications and software evaluation standards, and (3) incorporating more consumers’
subjective criteria to enhance the usability of the proposed model.

5. Conclusions

Brand loyalty does not imply the next purchase to the same brand, strong satisfaction
can cause differences in purchase behavior [2]. The scientific novelty of our research
proposes an MCDM framework to evaluate the brand performance analysis, which tries
to evaluate the satisfaction of the smartphone brands with respect to brand performance.
We use the VIKOR model and the TOPSIS method to analyze smartphone functionalities
and word-of-mouth. Then, we use the SMART method to rank the brand performance
for each smartphone using the attributes of functionalities, word-of-mouth, brand image,
and average sales. We find that the top-tier smartphone brands are A, C, G, H, and E. The
results show that brand image will significantly affect the brand’s smartphone performance.
Therefore, from the point of view of brand performance, smartphone manufacturers should
not only focus on innovating the functions of software and hardware but also on developing
the functions of easy operation and a better interface for embedding the brand image.
However, the consumer buying decision process is very complicated, from the order
of the average weight of attributes, the brand performance is based on brand image,
function, word-of-mouth, and average sales. The results of this study can remind the
marketing managers should have some positive to improve the consumer the brand effect.
In addition to discussions through academic research, we can take some coping strategies
to enhance the consumer brand performance. For example, marketing managers can
enhance the product knowledge of consumers by retailers and to promote their own brand
sales. This will not only reduce the perceived risk of consumers before purchase but also
enhance the loyalty of its core customers and plays an important role in developing new
product segmentation.
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