Artificial Intelligence Review (2020) 53:1-16
https://doi.org/10.1007/510462-018-9644-0

@ CrossMark

Improving search engine optimization (SEO) by using hybrid
modified MCDM models

Hung-Jia Tsuei'® - Wei-Ho Tsai' - Fu-Te Pan? - Gwo-Hshiung Tzeng3

Published online: 28 June 2018
© The Author(s) 2018

Abstract

Search engine optimization (SEO) has been considered one of the most important techniques
in internet marketing. This study establishes a decision model of search engine ranking for
administrators to improve the performances of websites that satisfy users’ needs. To probe
into the interrelationship and influential weights among criteria of SEO and evaluate the
gaps of performance to achieve the aspiration level in real world, this research utilizes hybrid
modified multiple criteria decision-making models, including decision-making trial and eval-
uation laboratory (DEMATEL), DEMATEL-based analytic network process (called DANP),
and VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR). The empirical find-
ings discover that the criteria of SEO possessed a self-effect relationship based on DEMATEL
technique. According to the influential network relation map (INRM), external website opti-
mization is the top priority dimension that needs to be improved when implementing SEO.
Among the six criteria for evaluation, meta tags is the most significant criterion influencing
search engine ranking, followed by keywords and website design. The evaluation of search
engine ranking reveals that the website with lowest gap would be the optimal example for
administrators of websites to make high ranking website during the time that this study is
executed.

Keywords SEO - MCDM - DEMATEL - DANP - VIKOR

1 Introduction

In modern times, one of the main search engines is the initial step to search for informa-
tion when people make decisions. Accordingly, for administrators of websites, the forward
appearance of the search results is fairly important. However, it is extremely competitive
to make a website appear on the foremost page (Dye 2008). Search engine optimization
(SEO) is the procedure to advance the ranking of websites on search engines for particular
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searching terms by managing incoming links and characteristics of websites (Malaga 2010).
In the detail of search engine, Mavridis and Symeonidis (2015) revealed that search engine
returns the most relevant documents determined by complex algorithms that adopt a plethora
of criteria or ranking factors constantly changing over the last decade. Though the exact rank-
ing mechanisms algorithms of the search engines are not published, major search engines
of Google, Bing and Yahoo provide web content developers with guidelines including the
same basics for SEO: qualitative contents, target the users, proper link architecture, suitable
keywords, and social media components. However, in the research of Aswani et al. (2018),
some of the website administrators try to trick the algorithms by using Black Hat techniques
such as posting duplicate content to enhance their content volumes, buying links to increase
backlink volumes, keyword spamming to enlarge keyword density in the content and so on.
After the unethical practices are detected in few months, such websites are often delisted or
banned from search engines, or their quality scores are fairly lowered.

Consequently, administrators of websites are much interested in using ethical strategies
for improving SEO, the level of importance of each factor, and reducing the gaps to achieve
aspiration level under the consideration of SEO’s factors. To provide the solution to these
issues, the purpose of this research is to establish decision models of carrying out SEO
for administrators of websites to improve the performances of websites for satisfying the
users’ needs. This paper will indicate, by the proposed hybrid modified multiple criteria
decision-making (MCDM) models, the practical sequence of implementing SEO, the influ-
ential weights of criteria, and the strategies for evaluating the performance gaps to reach
the aspiration level. Amin and Emrouznejad (2011), according to metasearch engine, pro-
posed a linear programming mathematical model for optimizing the ranked list result. Many
previous researches assumed the criteria/factors for exploring problems were independent
and linear; however, they are interdependent and feedback in real world. Moreover, there
are lots of factors influencing SEO; hence, the contributions to administrators of websites
are limited. Other preceding researches on SEO were mainly focused on introducing SEO
(Yalcin and Kose 2010) and investigating influential factors of SEO (Bar-Ilan et al. 2006;
Dye 2008; Xiang and Gretzel 2010; Zhang and Dimitroff 2005). Yet, the messages conveyed,
for administrators of websites, merely what the influencing factors of SEO are and whether
the influence were positive or negative. Therefore, these findings for constructing a decision
model of search engine ranking have little contribution to it. In addition, researches on the
interrelationship and influential weights among factors were inadequate.

To supplement previous findings on SEO for establishing a decision model of search
engine ranking for administrators of websites to improve website performance for achieving
the greatest benefit of internet marketing, this study utilizes hybrid modified MCDM models
comprising decision making trial and evaluation laboratory (DEMATEL), DEMATEL-based
analytical network process (DANP), and VIse Kriterijumska Optimizacija I Kompromisno
Resenje (VIKOR) for exploring search engine ranking based on SEO. We recognize the cri-
teria of SEO for building a decision model of search engine ranking by reviewing literatures.
According to the survey of experts, this paper uses DEMATEL technique to assess the inter-
dependent and feedback problems among criteria to form the influential network relation
map (INRM).

The traditional methods of analytic hierarchy process (AHP) and analytical network pro-
cess (ANP) proposed by Saaty (1996) assuming that dimensions and criteria are independent,
which are not suitable for real world. Therefore, DANP is employed to overcome the prob-
lems of dependence and feedback among criteria for obtaining the influential weights of each
criterion (Lu et al. 2016) for high ranking on the search engines; subsequently, we rank the
data to identify the important criteria. Eventually, VIKOR is adopted to evaluate the perfor-
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mance of websites and to reduce gaps based on INRM for achieving the aspiration level.
Published work connecting such hybrid MCDM models with improvement strategy of SEO
is quite few. This study, to bridge the breach, utilizes an empirical case of technologic com-
panies’ websites in Taiwan as an example, and provides the management of search engine
ranking with a valuable decision model to improve websites performances.

The remainder of this study is organized as follows: in Sect. 2, the criteria of SEO can
be identified based on literature review. In Sect. 3, hybrid modified MCDM models for
establishing a decision model of search engine ranking and performance improvement are
illustrated. Section 4 reveals an empirical study of improvement strategy for high search
engine ranking to demonstrate the usefulness of proposed model. Finally, conclusions and
remarks are presented in Sect. 5.

2 Criteria of SEO for exploring search engine ranking

SEO is the procedure to improve the ranking of websites for particular searching terms on
search engines by managing incoming links and characteristics of websites (Malaga 2010).
Based on past literatures, the purpose of this section is to identify the criteria of SEO’s two
main dimensions: internal and external website optimization. Website design, meta tags,
and keywords, for internal website optimization, are necessary for the website, page names,
photos, links, content texts in every page and styles that used for the site map, really simple
syndication (RSS) feeds, related texts, and pages in different languages. Besides, for external
website optimization, joining website to the site guide, utilizing social media factors, and
employing links from other optimized websites to the related webpage are included (Yal¢in
and Kose 2010).

On the dimension of internal website optimization, Bar-Ilan et al. (2006) mentioned that
websites can obtain high rankings for specific search terms within specific search engines by
designing and redesigning webpages. In the related literatures of meta tags, lots of researchers
have proved that it can greatly improve the search effectiveness by associating the results of
multiple search engines in the form of a metasearch engines (Amin and Emrouznejad 2011;
Bar-Ilan et al. 2006; Spink et al. 2006; Spoerri 2007; Vaughan 2004). As for keywords, Zhang
and Dimitroff (2005) found that by increasing the frequency of keywords in the title, in the
full-text and in both the title and full-text, webpage visibility can be improved.

On the other dimension of external website optimization, Zhang and Dimitroff (2005)
suggested that after the test webpages were ready, they were posted in the public domain
so that search engines could crawl and index them for advancing their visibility. In the
associated literatures of social media, Xiang and Gretzel (2010) discovered that social media
play an important role when using a search engine. With respect to linkage, Zhang and
Dimitroff (2005) stated that webpages with high hyperlink were regarded as more significant
or influential than those with low hyperlink. Therefore, it was taken into account by some
search engine ranking algorithms to let the search results more connected. Namely, webpages
with better hyperlink can get higher ranking than other pages (Dye 2008).

According to SEO, two dimensions impact on search engine ranking including internal
website optimization and external website optimization. Moreover, by reviewing literature,
internal website optimization is affected by three criteria: website design, meta tags, and
keywords; external website optimization, on the other hand, is affected by three criteria:
public domain, social media, and linkage, which are arranged in Table 1.

@ Springer



H.-J. Tsuei et al.

Table 1 Explanation of evaluation criteria

Dimensions

Criteria

Descriptions

Internal website
optimization (D)

Website design (Cp)

Meta tags (C2)

A collection of online content comprising
applications and documents

A method for webmasters to supply

search engines with information about
their websites

Keywords (C3) A term utilized as a keyword to retrieve

documents on a search engine

External website
optimization (D)

Site guide (Cy4) A human-edited directory of the Web

The use of web-based and mobile
technologies for interactive dialogue

Social media (C5)

Linkage (C¢) Links from other optimized websites to
the related webpage

3 Establishing hybrid modified models for search engine ranking
and improvement

The main questions of this research are to investigate the improvement strategies for high
ranking in search engine, the influential weights of dimensions/criteria when implementing
SEO, and the performance gaps for alternatives. As a consequence, MCDM is utilized by this
paper to simultaneously consider multiple criteria for providing decision makers with valu-
able decision models to make the optimal decisions (Tzeng and Huang 2011). The technique
of DEMATEL is employed to build the INRM for developing the improvement strategies of
SEO. Subsequently, by using DANP, the influential weights of criteria of the structure can be
obtained. The method of VIKOR, eventually, is utilized to evaluate compromise ranking and
gaps of the alternatives for achieving aspiration level. These principal stages are included in
the framework of the hybrid modified MCDM models. The detailed processes of calculation
and mathematical equations are illustrated in “Appendix A”.

3.1 Constructing the INRM by DEMATEL

To build the INRM, the DEMATEL technique was utilized to explore the interdependent and
feedback problems among criteria (Chen and Tzeng 2011; Fontela and Gabus 1976). The
method has been used in diverse fields, such as solar farms, web data, portfolio selection,
online reputation, and so on (Chen et al. 2014; Gupta and Kohli 2016; Ho et al. 2011; Hung
et al. 2012). The DEMATEL is executed by using questionnaires for experts to point out the
influential relationships among criteria indicating the degrees of influence for each criterion.

3.2 The DANP for calculating criteria’s influential weights based on the INRM

Saaty (1996) developed ANP to solve problems with dependence or feedback between crite-
ria. However, Chen et al. (2011) addressed that the traditional survey questionnaire of ANP
was too complicated and hard to comprehend. This research, according to Ou Yang et al.
(2008), adopts a new method of DANP to conquer the obstruction of carrying out ANP
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for calculating the influence weights based on the influential relation matrix of DEMATEL.
Hence, hybrid modified MCDM models combining the DEMATEL technique with DANP
can deal with the interrelationship (interdependence and feedback) problems among dimen-
sions/criteria, and obtain the influential weights of criteria with dependence and feedback.

3.3 Evaluating performance gaps via VIKOR

This research adopts “aspired-worst” benchmark to replace the traditional approach
“max—min” for avoiding “choosing the best among inferior alternatives”, meaning prevent-
ing from “picking the best apple among a barrel of rotten apples”. The improved way can
not only be utilized for ranking and selection, but also can be used to improve the perfor-
mance gaps based on INRM. The compromise ranking method (VIKOR) as one applicable
technique to implement within MCDM model was proposed to determine the compromise
solution (Tzeng et al. 2002, 2005). In addition, the solution is feasible for decision-makers,
because it supplies a maximum group utility of the majority, and a maximal gap of minimum
individuals of the opponent. This hybrid modified MCDM models employ the DEMATEL
and DANP processes in Sects. 3.1 and 3.2 to obtain the influential weights of criteria with
dependence and feedback, and adopt VIKOR for resolving the compromise solution.

4 An empirical case by using websites of technology company

In this section, an empirical study is illustrated to demonstrate the application of the proposed
model to evaluate and improve for building the best website of search engine ranking. To
solve real-world problems group decision making is a well-known approach for containing
comprehensive perspectives and thinking. In this study, experts with related fields are invited
to consider any possibilities of situations by group brainstorming and decision making. The
hybrid modified MCDM models are utilized to analyze the collected data from experts.
Furthermore, the analyzed outcomes are displayed in useful models for administrators to
make the best strategies to improve the website performances for reaching the aspiration
level.

4.1 Background and problem descriptions

Web users browse the few and forward searching results (Jansen and Spink 2005); therefore,
the issue of search engine ranking for administrators of websites is very significant. Taiwan
Network Information Center (TWNIC) reported that the population of using internet in Tai-
wan has exceeded 16.95 million (73.57% of total population), and the intensity of accessing
internet comes out on top of the world. Looking for information by internet has been a very
important tool; however, it is a critical topic for administrators of websites to make websites
forward listed on search engine results in the times of information explosion. Moreover, there
are numerous factors influencing search engine ranking; therefore, it is a hard problem for
administrators of websites to evaluate, improve, and advance search engine ranking. This
study applies the knowledge of experts and takes websites of technology companies in Tai-
wan as an empirical example to establish a suitable decision model to assist administrators
of websites in the improvement of SEO.
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Table 2 The initial influence matrix A

Criteria Cq Cy C3 Cy Cs Ce

Cq 0.000 3.733 3.667 2.600 1.533 1.600
Cy 3.733 0.000 3.933 2.933 1.867 1.933
C3 3.667 3.933 0.000 2.867 1.800 1.800
Cy 2.600 2.867 2.800 0.000 1.733 1.867
Cs 1.733 1.933 1.733 1.800 0.000 3.867
Ceg 1.600 2.000 1.867 1.800 3.867 0.000

p ,p—1
th—tf
Ly P L 1% 100% = 2.743% < 5%, i.e., confidence is 97.257%, where p = 15 denotes
n2 i=14t-j=1 P
ij
the number of experts and ’5 is the average influence of i criterion on j; n = 6 denotes number of criteria

4.2 Data collection

The experts with specialty of SEO and professional knowledge of internet marketing are
the objects of this study, including consultants of SEO, scholars of computer science, and
managers of internet marketing. Moreover, the practical experiences of experts are depicted
as follows: consultants of SEO are highly skilled in various aspects of technology and web
design, scholars of computer science are those who have the specialty of information engi-
neering and the experience of teaching information technology, and managers of internet
marketing specialize in marketing and advertising of websites. Information required for suf-
ficient evaluation of SEO procedures and performance is collected utilizing interviews and
filled suitable questionnaires. In the DEMATEL questionnaires, a scale of 0, 1, 2, 3, and 4
shows the degree from “no influence (0)” to “very high influence (4)”. As for evaluating
performances of websites, a scale of 0, 1, 2, ..., and 10 points representing the range from
“the worst (0)” to “the best (10)” is adopted, so we can set the aspiration level as 10 point
and the worst as 0 point. The objects of questionnaire are experts, but not consumers for
analyzing the consumer behavior. Therefore, the consensus of numbers of experts is needed
to be tested. If the samples of experts increase, the degree of consensus will increase; in other
words, the difference will decrease. The confidence level, reaching 97.257%, is obtained in
this real case of fifteen experts (calculated at the note of Table 2 including: 5 consultants of
SEOQ, 5 scholars of computer science, and 5 managers of internet marketing). The inquisition
is implemented in November 2017.

4.3 Estimating the relationships among SEO for establishing INRM

DEMATEL technique is used to investigate the problems of interdependence and feedback
among six criteria received from literature review. The influence matrix A is exhibited in
the first place (Table 2). At second, the normalized influence matrix K can be calculated
utilizing Eq. (1) (Table 3). At third, the total influence matrix T is obtained using Eq. (3)
(Table 4). The INRM of influential relationship within SEO is finally built by the vectors r
and s (Table 5) from the total influence matrix T as shown in Fig. 1. This figure displays that
the influential degrees of dimensions/criteria are much higher than others, when the causality
is positive. Consequently, it is efficient to improve the dimensions/criteria with positive
causality, because the results of it will systematically influence other dimensions/criteria
leading the comprehensive promotion of performance.
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Table 3 The normalized direct-influence matrix K

Criteria Cq Cy C3 Cy Cs Ce

Cq 0.000 0.258 0.253 0.180 0.106 0.111
Cy 0.258 0.000 0.272 0.203 0.129 0.134
C3 0.253 0.272 0.000 0.198 0.124 0.124
Cy 0.180 0.198 0.194 0.000 0.120 0.129
Cs 0.120 0.134 0.120 0.124 0.000 0.267
Ce 0.111 0.138 0.129 0.124 0.267 0.000

Table 4 The total influence matrix 7'

Criteria Cq () C3 Cy Cs Ce

Cy 1.271 1.554 1.521 1.296 1.081 1.104
Cy 1.564 1.442 1.624 1.392 1.169 1.193
C3 1.539 1.632 1.387 1.368 1.147 1.168
Cy 1.297 1.380 1.349 1.032 1.001 1.026
Cs 1.129 1.204 1.169 1.037 0.826 1.053
Ce 1.129 1.214 1.181 1.042 1.042 0.847

Table 5 The integrated values of influences

Dimensions/criteria r; s; (influenced) ri +5; ri —S8i
(influencing) (centrality) (causality)

Internal website 24.451 24.583 49.034 —0.132
optimization (D)

Website design (C1) 7.827 7.928 15.755 —0.100

Meta tags (Cp) 8.383 8.425 16.808 —0.042

Keywords (C3) 8.241 8.230 16.471 0.010

External website 19.956 19.824 39.781 0.132
optimization (D3)

Site guide (Cyq) 7.085 7.168 14.253 —0.083

Social media (Cs) 6.417 6.265 12.682 0.152

Linkage (C¢) 6.454 6.391 12.845 0.063

4.4 Finding influential weights and performance gaps

According to the construction of the influence network based on DEMATEL (see Fig. 2),
this study utilizes DANP to calculate the influential weights (global weights) of six criteria
shown as Tables 6, 7 and 8. The empirical results reveal that experts are much concerned
with meta tags and keywords, yet less concerned with linkage and social media. The find-
ings display that the level of influential weights are much higher in meta tags, keywords, and
website design. Concretely, meta tags gains the highest point of 0.189, followed by keywords
(0.185) and website design (0.179). Moreover, the level of influential weights of linkage and
social media is relatively lower averaging 0.143. If comparison is made among dimension,

@ Springer



8 H.-J. Tsuei et al.

Criteria of external website optimization

Cs5(12.682, 0.152)
Social media

Cg(12.845, 0.063)
Linkage

C4(14.253, -0.083)
Site guide

X . s
Dimensions of SEO 0.000 r
O 12600 12.800 13.000 13200 13.400 13.600 13°6Q_14.000 14.200 14.400
1,(39.781,0.132) -0.100
External website optimization
(G, G, G
r+s

" 0.000 10.000 20.000 30.000 40.000 50.000 60.000

D, (49.034, -0.132)

Internal website optimization Criteria of internal website optimization

r-s
- (€1.C.Cy) 0.020 C3(16.471,0.010)
Keywords
o rs
16600 16800 17000

CUIs60 15810 1600 16200 16400

C,(16.808, -0.042)
Meta tags

C,(15.755, -0.100)
Website design

Fig. 1 The INRM of influential relationships within SEO

goal{ | Search engine optimization |

Inner-dependent Inner-dependent

dimensions { Internal website optimization (D) <—>| External website optimization (D) |

Outer-dependent

Website design (C;) Site guild (Cy)
criteria Meta tags (C») Social media (Cs)
Keywords (Cs) Linkage (Cs)
alteratives{ | Website A (4,) | | Website B (4,) | | Website C (43) |

Fig. 2 Analytic framework for SEO influence network

experts regard meta tags as the most important criterion in the dimension of internal website
optimization (D). On the other hand, site guide is considered by experts as the most sig-
nificant criterion in the dimension of external website optimization (D;). Obtained results
(ranked top one) show that the criterion of meta tags is the most significant criterion for
administrators of websites to implement SEO. As far as dimensions are concerned, experts
are much concerned with dimension of internal website optimization (D), because the mean
score of it is much higher. In addition, the integrated values are calculated to obtain the total
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Table 6 The unweighted supermatrix W = (T%)

Criteria Cq Cy C3 Cy Cs Ce

Cq 0.292 0.338 0.338 0.322 0.322 0.320
Cy 0.358 0.311 0.358 0.343 0.344 0.344
C3 0.350 0.351 0.304 0.335 0.334 0.335
Cy 0.372 0.371 0.371 0.338 0.356 0.356
Cs 0.310 0.311 0.311 0.327 0.283 0.355
Ceg 0.317 0.318 0.317 0.335 0.361 0.289

Table 7 The weighted supermatrix W% = T%,W

Criteria Cq Cy C3 Cy Cs Ce

Cq 0.162 0.187 0.187 0.178 0.178 0.178
Cy 0.197 0.172 0.198 0.190 0.191 0.190
C3 0.194 0.194 0.168 0.186 0.185 0.186
Cy 0.166 0.166 0.166 0.151 0.159 0.159
Cs 0.139 0.139 0.139 0.146 0.126 0.158
Ceg 0.142 0.142 0.142 0.149 0.161 0.129

Table 8 The stable matrix of DANP when lim;—, oo (W%)?

Criteria Cq Cy C3 Cy Cs Ce

Cq 0.179 0.179 0.179 0.179 0.179 0.179
Cy 0.189 0.189 0.189 0.189 0.189 0.189
C3 0.185 0.185 0.185 0.185 0.185 0.185
Cy 0.162 0.162 0.162 0.162 0.162 0.162
Cs 0.141 0.141 0.141 0.141 0.141 0.141
Ce 0.144 0.144 0.144 0.144 0.144 0.144

performance presented in Table 9. The results confirm that website A, one of the websites
of technology company in Taiwan, presents the smallest performance gap (0.277). It is fol-
lowed by websites B (0.282) and C (0.341) with this regard. Consequently, according to the
decision model of search engine ranking provided by this paper, administrators of websites
are suggested to take website A as a reference when advancing search engine ranking based
on SEO.

4.5 Implications and discussions

The empirical findings are discussed as follows. In the first place, INRM (Fig. 1) of SEO
constructed by DEMATEL reveals that administrators of websites should improve first is
external website optimization (D,), if the search engine ranking of websites is going down.
After providing users with diverse social media (Cs) components for the promotion of a
content’s popularity, making mutual linkage (C¢) to the websites for users to find complete
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information, submitting websites to search engines to be included in the site guides (C4)
for been found quickly, internal website optimization (D) can get following influences:
administrators of websites can collect plenty of keywords (C3) from users to improve and
redirect the websites, get suitable description for meta tags (C»), and adjust the website design
(Cy) to satisfy the needs of users.

Secondly, the most significant criterion found by DANP when implementing SEO is
meta tags (C2), which weights 0.189. When it comes to search engine ranking, an essential
procedure for administrators of websites to consider is that websites should be found by
search engines. If meta tags are not described properly, search engines cannot access to the
information provided by websites including videos, audios, pictures, webpages, and so forth.
Therefore, administrators of websites should give every information appropriate descriptions
not only for search engine to find, but also let users easily look for the information that they
need to make decisions. Thirdly, the influential weight of keywords (C3) is 0.185 ranked the
second among the six criteria of SEO. Once search engines can find the websites, the next
cardinal issue for administrators of websites is to let users have the opportunities to search
for information by utilizing keywords. Although search engines have started to seriously take
some other factors into account apart from meta tags and keywords, “SEO Starter Guide”
published by Google has definitely indicated that the two factors are very critical for search
engines to produce the abstracts for websites.

Many administrators of websites may set up keywords according to their businesses;
however, these websites can be regarded as not existed by decision makers, if they do not show
up on the search engine results by the decision makers’ keywords. Therefore, administrators
of websites should brainstorm for the optimal keywords from the standpoint of decision
makers to have their websites appeared on target users. At the last point, VIKOR reveals
that administrators of websites can consider the technology website A (A;) as a reference to
improve their performances of websites for achieving aspiration level.

The proposed hybrid modified MCDM models based on SEO can be utilized in worldwide
websites. Administrators of websites can adjust the influential weights of the six criteria
according to the situations of different countries to obtain valuable information for decision
making when improving performances of websites. Moreover, they can select the websites
of their industries to evaluate and reduce their gaps for advancing search engine ranking.

5 Conclusions and remarks

SEO is utilized as a significant technique for high ranking on search engines in the field of
internet marketing. It has been developed for decades and examined that the dimensions of
internal and external website optimization influence search engine ranking. Nevertheless, it
is still vague how the evaluation criteria impact the two dimensions. Although the compre-
hension of the importance of the criteria can be useful for administrators of websites when
implementing SEO, the weights of criteria are seldom investigated.

By utilizing DEMATEL, the criteria are demonstrated having interrelations and self-
feedback relationships. Moreover, DANP is employed to obtain influential weights of the six
criteria. Empirical findings show that meta tags is the most important criterion, followed by
keywords, website design, site guide, linkage, and social media. Experts suggest that admin-
istrators of websites put the most emphasis on meta tags, though they must comprehensively
take criteria into consideration when making decisions of SEO. As for evaluating SEO, the
highest integrated scores is website A, followed by websites of B and C. Therefore, experts
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indicate that SEO of website A is an optimal example when implementing SEO for providing
administrators of websites to achieve the greatest benefit of internet marketing.

Preceding studies pay most attention to introducing SEO and identifying the criteria that
influence it. However, only few past research attempts are concerned about the interrelation-
ship among criteria, the weights of criteria, and the evaluation of website’s SEO. This paper
thus proposes hybrid modified MCDM models and investigates the perspectives of employing
experts for exploring these issues. Associating previous theoretical research with opinions
of professional experts, this paper makes contribution to SEO for improving search engine
ranking of websites which is not offered by previous research attempts. In conclusion, this
research utilizes hybrid modified MCDM models based on SEO to explore the subject for
improving and evaluating search engine ranking. As time goes on, search engines will update
their machine learning algorithms to diminish low value websites; therefore, further studies
can overcome the limitations of this study by taking the latest factors into consideration and
inviting various backgrounds of experts to make the research of SEO complete.
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Appendix A. Hybrid modified MCDM models combined with DEMATEL,
DANP, and VIKOR

A.1. DEMATEL

The method is illustrated as follows: first, we acquire the influence matrix A by influential
scores derived from expert questionnaire survey. Second, the normalized influence matrix K
can be calculated by normalizing A via Egs. (1) and (2).

K=m-A 1

1 1
m = min s 2)
max; 31y laij|” max; Y7 laij|

Thirdly, derive the total influence matrix 7. T can be derived by using the formula T =
K+K?>+K3+. .-+ K"=K(I—K)~", whenlimj_ o, K = [0],,xn, and I denotes the identity
matrix. The fourth step: define the INRM through the vectors r and s derived from the sum
of the rows and columns separately within the total-influence matrix T= [f;;],«, via the
Egs. (3) and (4), where the superscript ' represents transpose.

r=lrilea = | Y _tj ©)

j=1 nx1

s=[sjlux1 = |:Z tij:| 4

i=l1 Ixn
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If r; denotes the row sum of the ith row in matrix 7', then r; displays the sum of direct and
indirect effects of criterion i on all other criteria. And, if 5; denotes the column sum of the
Jjth column of matrix T, then s; presents the sum of direct and indirect effects that criterion
Jj receives from all other criteria. Moreover, when i = j the sums of the row and column
aggregate (r; +s;), it exhibits the giving and received degree of influences; i.e., (; +s;) presents
the intensity of the significant role that the ith criterion plays in the problem. When (r; — s;)
is positive, the ith criterion affects other criteria. On the contrary, if (r; — s;) is negative, other
criteria influence the ith criterion (i.e. ith criterion is affected by other criteria). And thus the
INRM can be constructed (Liou et al. 2007).

A.2. Based on DEMATEL technique to find ANP weights

DANP consists of four steps (Hu et al. 2014), and the first step is to build the construction of
the influence network based on DEMATEL. In the second step, the unweighted super-matrix
is calculated. The total influence matrix T is derived from DEMATEL shown in Eq. (5),
where Z';l:] mj=n,m < n,and Tﬁf as am; X mj matrix.

D, DJ D,
AL.Cm le..ﬁjmj T Conle Comyy
a [ Aoll 1j 1m 7]
a T .. TV ..
b ., ¢ N ¢
o . . . 5)
T =2 <« |T" ... Ty .. T™ (
¢ L Cmp c c c
b, o\ oM L
" tm":" _1:‘ T‘C TL - nxn\m<n,zt;1m/:n

Then, use the total degree of influence to normalize every level of T ¢ for acquiring T},
based on Eq. (6).

Dl Dr D«u
-Cm - Ci1Cmy 7 CmlConmy,
a all alj alm
» o ]: . TC . ];
P am : : :
a _ o ail aij aim 6
Té=p [T . T .. T ©)
;o Cimi . . .
Tam] . Tam/ ... Tamm
D, ¢ ¢ ¢

P

For instance, T ‘;‘“ can be calculated via Egs. (7) and (8), and we can obtain 72" by the
same way.

mq

di' ="l i=1.2,..m @)
j=1
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Cll/d“ Cl]/d“ clm1/d11 i _’?1111 tgll]l ’ tgll"lfl ]
Tg” _ tclill'/din Clllj/dll C”"l'/dll _ tgllll . tglljl tg}n}l
L Cm]]/d11| - lef/dr}}] e C’"l”’l/dll _tg‘*illll ta'l"llj [g'l”-ll’”l _
3)

According to the interdependent relationship in group to array T

matrix can then be obtained by Eq. (9).

Dl
€1 Comy
€11 11
o | W
S Cmy .
ejl : »
=p, © w
Jmj .
o W
D,

iy

o, the unweighted super-

wi wr ®
Wim Wmm

nxnlm<n, 3" m=n
=

For example, W!! can be calculated by Eq. (10), and W™ can be derived by the same
way. A blank space or 0 in the matrix show independence of the group of criteria or a single
criterion in relation to other criteria.

Cim,

€ Ci Gy
all all all
Lo ol o t/.‘ml 1
el g el (10)
clj cij cm, j
e e o1

clm] cim, cmym,

The third step is dedicated to the derivation of the weighted supermatrix. The total influence
matrix of dimensions 7 p is obtained thanks to Eq. (11). Then, utilize the total degree of
influence to normalize every level of T p for obtaining T'J, according to Eq. (12).

m
di=Y 1), i=12...m
j=1
|
t tD l‘D
=| fl ...fd oL pim
Tp=| 1 14 1! (11)
mlogmj o gmm
tD tD ! mxm
11 1j 1 11 1j 1
tD /d; ZD',/dl . tDm/dl et [g Joo.opaim
i . i .. .
TH=| t,/di t/d; " /d; el SRR ST s (12)
t;nl/dm . t?:j/dm . tgtm/dm totml . tamj ... pamm
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The weighted super-matrix can thus be calculated by normalizing T'9, into the unweighted
super-matrix shown in Eq. (13).

_l%ll x Wit ... [gtlxwil tgmlxwml ]
o _ pa _ alj 1j aij ij amj mj
WE=THW =1 )/ x Wi . 1) x WY oo Y x W
alm Im | Otlm im pamm mm
L W W Ip™ X w dnxnjm<n, 37 mj=n

13)

Fourthly, the limit super-matrix is calculated. The weighted super-matrix multiplies by
itself enough times, based on the concept of Markov Chain, to acquire the limit super-
matrix. Therefore, the influential weights of criteria are acquired by lim;_, o(W%)?. The
influential weights of DANP can be obtained by means of the limit super-matrix applica-
tion W* with power z, indicating an adequately large integer, until the super-matrix W<
has converged and becomes a long-term stable super-matrix to obtain the global prior-

ity vectors w = (wy, ..., w; ,, ooy Wy), called DANP (DEMATEL-based ANP) influential
weights. Then local welghts (w ]D’, cees w,%') of criteria j = 1,2, ..., m;
in dimension i, and local weights w" = (w Leees wl.D i D'") of all dimensions in

i =1,2,...,m also can be obtained respectively.

A.3. Evaluating the total performance by VIKOR

According to the concept of the positive-ideal point ( f ]?k =maxi{ fxjlk =1,2,..., K})and
negative-ideal point ( f j_ = ming{ fxjlk = 1,2, ..., K}), called “max—min” benchmark, the
simple additive weighting (SAW) method uses the traditional distance function (Freimer and
Yu 1976; Yu 1973). However, the aspiration level ( f;.”p lred) and the worst level ( fj?”‘” sy,
called “aspired-worst” benchmark, is adopted by this paper. For example, assume the aspi-
ration level f:°F ired _ 10 and the worst level = 0 meaning the performance scores
are from O to 10 (very bad/dissatisfaction <— 0, 1, 2,..., 8,9, 10— very good/satisfaction).

By using VIKOR, the modified SAW is suitably utilized for evaluating and improving the
performance matrix [ fx; ]k x» of technologic companies’ websites. Moreover, it is developed
for exploring the way of reducing the performance gaps in each criterion j with alternative k
in complex interrelationship systems shown as Eq. (14).

fl.U()rS[

aspired aspired G
= 7 i g

)|k:1,2,...,1<; j:l,2,...,n]
(14)

It illustrates the multiple-criteria index by measuring performance gaps to improve

. . . . D; : D: D; .
each criterion rk<, dimension r,' = i w; ‘r,', as well as alternative rp =
J k j=1 kj

PR D i w rk] = Z?:l w;ryj based on INRM for approaching and achieving the
aspiration level with zero gap.
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