
J Supercomput
DOI 10.1007/s11227-017-1978-x

Analysis of performance measures in cloud-based
ubiquitous SaaS CRM project systems

You-Shyang Chen1 · Chienwen Wu2 ·
Heng-Hsing Chu3 · Chien-Ku Lin4 ·
Huan-Ming Chuang4

© Springer Science+Business Media New York 2017

Abstract Customer relationship management (CRM) traditionally uses software as a
service (SaaS) technology in ubiquitous cloud computing SaaS CRM solutions. In this
study, the opinions of experts and of three case companies in Internet application fields
were studied. In cloud CRM projects, DEMATEL-based analytical network processes
and the VIKOR technique are multi-criteria decision-making analysis tools that do not
require prior assumptions to explore the weights and performances among project risk,
project management, and organizational performance, based on the research frame-
work of the Stimulus–Organism–Response model. The empirical results showed that
the greatest criterion of relative weight is primarily associated with the risk dimension,
representing experts’ evaluations of project risk. Furthermore, cloud CRM experts and
companies revealed that financial performance should be improved during the course
of a project. The findings of this study provide a valuable reference for cloud CRM
Internet service solutions.
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1 Introduction

The development of cloud service based on Internet technology (IT) can enhance the
quality of service for customers. In particular, cloud services based on IT that have
been reported in related studies have been popularly discussed. The three categories of
cloud service are infrastructure as a service (IaaS) [26,41], platformas a service (PaaS),
and software as a service (SaaS) [9,44,46]. Furthermore, because computerized sys-
tems are so widely used in various organizations, it is particularly advantageous for
management strategies to incorporate information technology. In addition, informa-
tion systems are crucial to business organizations because they are frequently used
as tools in transaction processing, decision-making, and business intelligence for
strategy analysis. Information technology departments should seek to achieve their
organizational performance goals by using the four major dimensions of the balanced
scorecard (BSC), namely financial, learning and growth, internal business process,
and customer dimensions. Enterprise organizations enjoy the convenience of cloud
services, although there are also associated risks. Cloud computing security involves
data security, access security, virtual environment security, information security mon-
itoring, and other issues. Many of the world’s largest enterprises use SaaS customer
relationshipmanagement (CRM) to abandon on-the-premise systems and use the SaaS
platform to manage salesmen’s actions and to manage sales opportunities. Traditional
CRM differs from SaaS CRM in that companies do not need to invest in machinery,
equipment and manpower to maintain the operation of CRM systems, which is suit-
able for a variety of enterprises. Particularly, the SaaS model is currently the favored
approach for automation for cloud CRM through CRM cloud computing systems.
Personal computers connected to the cloud through this system can use all the fea-
tures of the CRM system from a web browser. Therefore, users of the cloud CRM can
achieve greater productivity regarding business processes through increased mobility
via Internet service [25]. Thus, the research objectives of this study are as follows: (a)
investigating the variables of the effects on cloud CRM projects related to project risk,
project management, and organizational performance; and (b) examining empirical
case findings that will provide suggestions for improvements in cloud CRM project
risk management.

2 Literature review

This section introduces relevant literature on various application areas, including
project risks, project management, organizational performance measurements, and
the risks of cloud CRM projects with cloud service.

2.1 Project risks

In a guide to the project management body of knowledge (PMBOK) [37], project risk
[20,22] management is composed of the five stages, which include risk management
planning, risk identification, risk analysis, risk response planning, and risk monitor-
ing and control. Risk identification primarily involves determining which risks might
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Table 1 Explanation of project risk criteria

Criteria Explanation

User risk Users hold negative attitudes toward the project and
therefore do not participate in project development,
thus increasing the risk of project failure

Requirements risk Uncertainties concerning system requirements have an
adverse effect on the project performance

Project complexity risk The uncertainties inherent in software projects increase
the difficulty of project development

Planning and control risk The software development planning process and lack of
control are unsuitable, leading to impractical
schedules, budgets, and project evaluation milestones

Team risk Team dynamics increase the uncertainty concerning the
result of the project

Organizational environment risk Uncertainty stemming from the organizational
environment impacts project performance

negatively affect the project objectives and the associated impact of the various risks.
Risk monitoring and control is an ongoing process in project management whereby
the uncertainties surrounding risk factors are identified to assist managers in adopt-
ing appropriate response measures and mitigating and disseminating risk impacts. In
other words, risk monitoring and control facilitates the success of a project. This study
explores the relationship among project risk, project management, and organizational
performance, together with strategies for avoiding generally predictable risks in gen-
eral information technology projects such that the smooth implementation of projects
improves organizational performance. Project risk has been widely applied in various
fields, such as agricultural development [50] and capital investment [30]. We further
explore the methods by which information regarding project risks under Internet ser-
vice of cloud computing can be minimized with reference to the six risk dimensions
of Han and Huang [16], as listed in Table 1.

2.2 Project management

Pinto and Slevin [31] proposed 10 critical success factors (CSFs) in project imple-
mentation based on project attributes and the perspectives of project managers. The
results of Pinto and Slevin’s [31] study indicated that support from senior manage-
ment is another key to understanding project success. When information technology
projects are implemented without the support of senior management in terms of finan-
cial, human, and material resources, together with scheduling, entire projects are more
likely to fail. Therefore, on the basis of the extant literature, this study relies on the
four project management dimensions shown in Table 2.
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Table 2 Explanation of project
management criteria

Criteria Explanation

Top management support Executives emphasize
information system (IS)
professionals and provide
related resources

Project planning and control Record a formal project plan
and oversee project using
management tools

Internal integration Ensure that the project team
operates in a consistent
manner using the project
management technology

User participation Integrate project team
members and organize each
level of users of the project
management technology

2.3 Organizational performance measurement: a balanced scorecard

The application of a BSC [21,32] is linked to performance measurement; however,
the true purpose of a BSC is to define strategies and goals through communication
with employees in various departments. Recent BSC studies have been undertaken by
Hoque [17] and Shaverdi et al. [34]. As its name indicates, the concept of a BSC is
based on the need for “balance.” Thus, the BSC divides performance indicators into
financial, customer, internal business, and innovation and learning perspectives. The
customer perspective and the learning and growth perspective questionnaire project
was studied byWang et al. [45], Jun et al. [19], and Devine et al. [7], who described the
project development process and the learning and growth perspective. These studies
are used as the basis of our BSC questionnaire. BSC has been widely studied in
relation to outsourcing [1] and enterprise resource planning (ERP) [35]. Therefore,
our further exploration of the organizational performance can be referenced to the four
organizational performance dimensions of Wu and Chang [48], as shown in Table 3.

Table 3 Explanation of
organizational performance
criteria

Criteria Explain

Customer performance Project outcomes meet the
needs of the users

Internal business process
performance

Project development process
is efficient

Financial performance Project has a favorable
investment for learning and
growth opportunity

Learning and growth
performance

Project provides personal or
organizational learning and
growth opportunities
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2.4 Customer relationship management

Customer relationship management, CRM, is a process used to collect customer data,
to understand the features of customers, and to then apply the findings in marketing
activities with cloud service [40]. In the mid-1990s, customer management techniques
using IT (termed CRM), together with IT, were used to explore customer activities
[24]. As possibly the most important concept of modern marketing [2] in internet ser-
vice of cloud computing techniques, CRM nurtures and maintains mutually beneficial
customer relations by delivering customer value and satisfaction. CRM encompasses
all aspects of acquiring, retaining, and increasing purchases by customers.

2.5 Issues of customer relationship management project implementation

Bull [4] noted that traditional CRM projects may be faced with issues including the
organizational environment, corporate strategy, and business processes, all of which
can affect project success. CRM is a complex and all-inclusive systems concept that
requires overall planning of the integration of business processes and information
technology. The previous study also emphasized that successful implementation of
CRM projects requires effective leadership, procurement, objectives, and assessment
strategies.

2.6 Cloud customer relationship management with cloud service

Cloud computing [3,6,8,10,12,36,49,51] services mainly provide processing power,
together with storage and business applications. The most common model is SaaS.
SaaS has been widely applied in ERP and CRM [25]. Although operating a web
browser is very convenient, there are some limitations of cloud CRM system, such as
changing screens, adding fields, and there are concerns regarding sensitive data stored
by the service provider [25].

Because there has been little empirical investigations of cloud CRM projects, the
current empirical case studies can provide a reference for cloud CRM experts and
bridge the knowledge gap under cloud computing perspective to improve the direction
of project risk management. This study is motivated by such a challenge for providing
Internet service of cloud computing.

2.7 Risk of cloud customer relationship management service

The cloud vendor implements security checks to protect the security of data and
to prevent malicious damage. The three service models of cloud computing, SaaS,
PaaS, and IaaS, provide infrastructure resources. The three different application
platforms and software service models have different security requirements [39].
According to Fitó and Guitart [11], cloud organization and services need to develop
relevant risk management processes based on traditional risk strategies and policy
reference. The risk factors for cloud services include (1) legal risks (agreement or
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contract, privacy, jurisdiction), (2) hardware risks (burglary, damage or alteration by
employees, intentionally or accidentally, natural disaster, normal wear and tear or
malfunction), and (3) non-hardware risks (system vulnerability, social engineering,
mistakes made by employees intentionally or accidentally, cross-cloud compatibil-
ity).

This study explores the impact of project risk management and BSC in cloud CRM
projects. Therefore, an introduction of project risks, project management, BSC, and
cloud CRM are included in the literature review. Because the cloud CRM project
belongs to the scope of information technology projects, the collection of the litera-
ture is related to information technology topics. The amount of published literature
discussing ERP, supply chain management (SCM), traditional CRM, the success fac-
tors of projects related to senior management, and cloud CRM is relatively small.
Therefore, the literature review of this study, as outlined in Sect. 3, is an important
research foundation, for identifying innovative management methods from different
topics.

3 Methods and materials

This section describes related techniques and materials used in cloud service of
internet applications, including the decision-making trial and evaluation laboratory
(DEMATEL)-based analytical network process (ANP) model, the VlseKriterijumska
Optimizacija I Kompromisno Resenje (VIKOR) technique, and the research method-
ology.

3.1 The DANP method

This study collected and reviewed relevant literature from published books, journal
articles, and online resources to compile an overall research framework based on vari-
ous performance indicators. Subsequently, we designed a pairwise comparison-based
questionnaire that was distributed to study participants. The retrieved questionnaires
were then analyzed using a DEMATEL-based ANP (DANP) model to determine the
relationships among the weights of the criteria. Figure 1 illustrates the DANP model,

Impact relation 
map (IRM)

Total criteria 
relation matrix 

(Tc)

Total dimension 
relation matrix 

(Td)

Normalized Td 
(Td*)

Normalized Tc 
(Tc*)

Weighted
super-matrix

(R*)

Influential
weights

Criteria
questionnaire

survey

ANPDEMATEL

Fig. 1 Process flow of the DANP model

123



Analysis of performance measures in cloud-based ubiquitous…

whose steps are mainly organized into two parts: (1) building an impact relationship
map (IRM) using the DEMATEL technique (Steps 1–3) and (2) finding influential
weights using the ANP technique (Steps 4–6). The steps are addressed in greater
detail below for the ease presentation and understanding.

3.2 The decision-making trail and evaluation laboratory method

Decision laboratory analysis (i.e., DEMATEL) can help to solve complex racial,
hunger, environmental protection, and energy problems [13,14] by providing a struc-
tural model of causality based on expert knowledge. Using DEMATEL is more
suitable than traditional evaluation methods for addressing complex real-world issues.
Decision-makers can identify problems from a structured model of complex problems
to improve and understand the causal relationship among dimensions and criteria,
thereby enhancing overall performance. The steps of DEMATEL are described in
detail as follows.

Step 1: Establishing the direct-relation matrix G is an n × n direct-relation matrix
that is based on an expert questionnaire with degrees ranging from 1 to 4, where gi j
is the degree to which element i affects element j , i.e., G = [

gi j
]
n×n .

Step 2: Implementing normalization of the initial direct-relation matrix to gain
total influence-relation matrixes The normalized initial direct-relation matrix Z =[
zi j

]
can be obtained from Eqs. (1) and (2).

k = max
i j

⎡

⎣ max
1≤i≤n

n∑

j=1

gi j , max
1≤ j≤n

n∑

i=1

gi j

⎤

⎦ (1)

Z = 1

k
G (2)

The total-relation matrix is defined as Eqs. (3) and (4).

T = U +U 2 + · · · +U p = U × (I −U )−1 = [
Ui j

]
n×n , p → ∞ (3)

T = [
ti j

]
n×n , i, j = 1, 2, . . . , n (4)

The total criteria relation matrix (Tc) takes the form of Eq. (5), which helps to
indicate the relation between the criteria and extents, and the total dimensions relation
matrix (Td) is defined as Eq. (6), which is determined from the total criteria relation
matrix.
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(5)

Td=

⎡

⎢
⎢⎢⎢⎢⎢⎢
⎣

t11d · · · t1 jd · · · t1md
...

...
...

t i1d · · · t i jd · · · t imd
...

...
...

tm1
d · · · tmj

d · · · tmm
d

⎤

⎥
⎥⎥⎥⎥⎥⎥
⎦

(6)

Step 3: Creating the impact relationship map (IRM) The IRM is derived from Tc
and Td, which are also established by the sum of the rows (vector r ) and columns
(vector s). Individually, they are given as Eqs. (7) and (8) below:

r = [ri ]n×1 =
⎡

⎣
n∑

j=1

ti j

⎤

⎦

n×1

(7)

s = [
s j

]
n×1 =

[
n∑

i=1

ti j

]

1×n

(8)

where ri refers to criteria i (or dimensions) on behalf of the reasons and refers to
criteria j (or dimensions) on behalf of the results. The IRM is built by (ri + s j ,
ri − s j ), where

(
ri + s j

)
is the horizontal axis vector regarded as “Prominence” to

show the importance of the element, and (ri −s j ) is the vertical axis named “Relation.”
Additionally, if (ri −s j ) is negative, the element belongs to the effect group; otherwise,
the element belongs to the cause group [52].

3.3 The analytical network process method

Saaty [33] proposed an analytical network process (ANP) method to solve complex
nonlinear network relationship problems; however, filling out the ANP survey ques-
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tionnaire has been considered too laborious [5,18]. To solve this problem, we used the
total criteriamatrix (Tc) and a total dimensionsmatrix (Td) generated byDEMATEL to
conduct the further procedures required in ANPs to manage problems of dependence
and feedback among criteria, as shown in Steps 4–6, which are the latter parts of the
DANP model. The influential weights were determined using the ANP technique, as
follows.

Step 4: Implementing normalization of the total criteria relation matrix T ∗
c is the

effect of the total degrees and the effect of the dimensions described by the normal-
ization of the total criteria relation matrix Tc , as shown in Eq. (9).

t11ci =
m1∑

j=1

t11i j , i = 1, 2, . . . ,m1,

T 11
c∗ =

⎡

⎢⎢⎢⎢⎢⎢
⎢
⎣

t11c11/d
11
c1 · · · t11c1 j/d

11
c1 · · · t11c1n1/d

11
c1

...
...

t11ci1/d
11
ci · · · t11ci j/d

11
ci · · · t11cin1/d

11
ci

...
...

t11cn11/d
11
cn1 · · · t11cn1 j /d11cn1 · · · t11cn1n1/d11cn1

⎤

⎥⎥⎥⎥⎥⎥
⎥
⎦

=

⎡

⎢
⎢⎢⎢⎢⎢⎢
⎣

t11c11∗ · · · t11c1 j∗ · · · t11c1n1∗
...

...

t11ci1∗ · · · t11ci j∗ · · · t11cin1∗
...

...

t11cn11∗ · · · t11cn11∗ · · · t11cn1n1∗

⎤

⎥
⎥⎥⎥⎥⎥⎥
⎦

and T ∗
c =

⎡

⎢⎢⎢⎢⎢⎢
⎢
⎣

T 11
c∗ · · · T 1 j

c∗ · · · T 1m
c∗

...
...

...

T i1
c∗ · · · T i j

c∗ · · · T im
c∗

...
...

...

Tm1
c∗ · · · Tmj

c∗ · · · Tmm
c∗

⎤

⎥⎥⎥⎥⎥⎥
⎥
⎦

(9)

Step 5: Implementing normalization of total dimensions relation matrix T ∗
d is

the weight of the dimension calculated by Eq. (10) to normalize the total dimension
matrix (Td).

t id =
m∑

j=1

t i jd

T ∗
d =

⎡

⎢⎢⎢⎢
⎢⎢⎢
⎣

t11d /t1d · · · t1 jd /t1d · · · t1md /t1d
...

...
...

t i1d /t id · · · t i jd /t id · · · t imd /t id
...

...
...

tm1
d /tmd · · · tmj

d /tmd · · · tmm
d /tmd

⎤

⎥⎥⎥⎥
⎥⎥⎥
⎦
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=

⎡

⎢⎢⎢⎢
⎢⎢⎢
⎣

T 11
d∗ · · · T 1 j

d∗ · · · T 1m
d∗

...
...

...

T i1
d∗ · · · T i j

d∗ · · · T im
d∗

...
...

...

Tm1
d∗ · · · Tmj

d∗ · · · Tmm
d∗

⎤

⎥⎥⎥⎥
⎥⎥⎥
⎦

(10)

Step 6: Establishing the weighted super-matrix and obtaining the elements of
influential weights Equation (11) is defined as the value of T ∗

c used to multiply the
value of T ∗

d to gain the weighted super-matrix R. A limit super-matrix R* is for-
matted as Eq. (12). By limiting R* increase it to a sufficiently large power φ (i.e.,
limφ→∞(R∗)φ), and each criterion weight is obtained through calculating the trans-
posed processes.

R =

⎡

⎢⎢
⎢⎢⎢⎢⎢
⎣

T 11
c∗ × T 11

d∗ · · · T 1 j
c∗ × T 1 j

d∗ · · · T 1m
c∗ × T 1m

d∗
...

...
...

T i1
c∗ × T i1

d∗ · · · T i j
c∗ × T i j

d · · · T im
c∗ × T im

d∗
...

...
...

Tm1
c∗ × Tm1

d∗ · · · Tmj
c∗ × Tmj

d∗ · · · Tmm
c∗ × Tmm

d∗

⎤

⎥⎥
⎥⎥⎥⎥⎥
⎦

(11)

R∗ =

⎡

⎢⎢⎢
⎢⎢⎢
⎣

T 11
c∗ × T 11

d∗ · · · T i1
c∗ × T i1

d∗ · · · Tm1
c∗ × Tm1

d∗
...

...
...

T 1 j
c∗ × T 1 j

d∗ · · · T i j
c∗ × T i j

d · · · Tmj
c∗ × Tmj

d∗
...

...
...

T 1m
c∗ × T 1m

d∗ · · · T im
c∗ × T im

d∗ · · · Tmm
c∗ × Tmm

d∗

⎤

⎥⎥⎥
⎥⎥⎥
⎦

(12)

3.4 The VIKOR method

Positive and negative ideal points make up the basic concept of the VIKOR technique,
whichwas first put forth byOpricovic [28] andOpricovic and Tzeng [29]. TheVIKOR
is a compromise programming of the MCDM method. VIKOR calculation steps are
as follows: (1) establish a positive-ideal solution and a negative solution, (2) establish
the largest overall efficiency of the program and the largest individual regret, and (3)
establish the benefits of all programs and sort.

1. Identify the program of the positive-ideal solution and the negative solution. f ∗
j is

the best performance value (positive-ideal solution). f −
j is the worst performance

value (negative solution). fi j is the criterion performance value of the interview
questionnaire. f ∗

j is the maximum performance scale. f −
j is the minimum perfor-

mance scale.

f ∗
j = max

i
fi j , i = 1, 2, 3, . . .,m, (13)
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f −
j = min

i
fi j , i = 1, 2, 3, . . .,m. (14)

2. Establish the largest overall efficiency of the program and the largest individual
regret. Si is the value of the overall program performance, which is the sum of the
positive-ideal solution gap.w j is the attribute impact weight value obtained by the
DANP calculation. Qi can be found to improve the attribute of priority.

Si =
n∑

j=1

w j

(
f ∗
j − fi j

)
/
(
f ∗
j − f −

j

)
, (15)

Qi = max
j

[(
f ∗
j − fi j

)
/
(
f ∗
j − f −

j

)]
, (16)

where w j is the weight of j th criterion.
3. Establish the benefits of all programs and sort.

Ri = v
(
Si − S∗) /

(
S− − S∗) + (1 − v)

(
Qi − Q∗) /

(
Q− − Q∗) (17)

S∗ is the positive-ideal solution of the programgroup utility. S− is the negative solution
of the program group utility. Q∗ is a regrettable positive-ideal solution. Q− is the
regrettable negative solution. The v is the decision weight value. The v is a greater
weight value representing more people agreeing upon. The v is a smaller weight
value representing more people disagreeing upon. The v value is usually set to 0.5,
representing the maximum benefit and the minimum individual regret.

3.5 Research methodology

This subsection outlines the research process, including the research framework,
research design, and data collection.

3.5.1 Research framework

Based on the literature review and the Stimulus–Organism–Response [15,43] model
that was built, which posits that environmental factors act as stimuli that affect indi-
viduals’ cognitive reactions and then their behavior [23], Fig. 2 shows the research
framework of the Stimulus–Organism–Response (also abbreviated as S-O-R) struc-
ture used to investigate the relationship among the three dimensions of project risk,
project management, and organizational performance, including a total of 14 related
constructs. Therefore, the criteria in the three dimensions must pass the pairwise com-
parisons (using the expert questionnaire) after the data analysis, which reveals the
causal relationships between the criteria.

3.5.2 Research design

This study distributed questionnaires to cloud CRM experts and to the experts of
three companies with extensive experience in cloud CRM project management. Sub-
sequently, the completed questionnaires were analyzed using a DANPmodel, a hybrid
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 Project risk

• User risk
• Requirements risk 
• Project complexity risk
• Planning and control risk
• Team risk
• Organizational
  environment risk

Stimulus

Organizational performance

• Customer performance
• Internal business process
   performance
• Financial performance
• Learning and growth 
   performance

Response

Project management 

• Top management support
• Project planning and control
• Internal integration
• User participation

Organism

Fig. 2 Research framework of this study

Literature review and
expert questionnaire

Conduct expert consensus
regarding criteria

Perform DEMATEL and
ANP and VIKOR steps

DEMATEL technique, 
ANP technique, 
and VIKOR technique

Determine criterion
weights and performance

VIKOR tables and figures

Obtain conclusion and 
implication

Comparison and analysis

Fig. 3 Flowchart of the proposed method

MCDM framework-based DEMATEL model and an ANP technique to determine the
weights between the various dimensions and criteria. Accordingly, VIKOR obtains
the criterion performance of the gaps. Figure 3 illustrates roughly the flowchart of the
proposed method and the corresponding criteria and methods used in this study.

3.5.3 Data collection

This studybrieflydelineates the process of surveying experts, including an introduction
to the research participants, topics, and dimensions and criteria used in this study
validation.

1. Research participants We conducted a survey of 18 cloud CRM experts with
multiple years of practical experience in Internet service project management.
This was based on the recommendation of Northcutt and McCoy [27] that a focus
group should comprise 12–20 experts.

2. Research topic Eighteen experts with extensive experience in cloud CRM Internet
service project management were invited to participate in this study. A hybrid
DEMATEL and ANPmethod was first used to help the participants understand the
relationships among the research variables (see Fig. 2). When a group consensus
was determined, we conducted the relevant analyses. Empirical cases through
VIKOR understand business were used to execute the real situation of the cloud
CRM project. The 18 expert questionnaires were used in the DANP model to
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Table 4 Dimensions and
influential criteria of the
research framework

Dimension Influential criterion

A—Project risk a1 User risk

a2 Requirements risk

a3 Project complexity risk

a4 Planning and control risk

a5 Team risk

a6 Organizational
environment risk

B—Project management b1 Top management support

b2 Project planning and
control

b3 Internal integration

b4 User participation

C—Organizational performance c1 Customer performance

c2 Internal business process
performance

c3 Financial performance

c4 Learning and growth
performance

generate the relative weights and the interview data of the three companies to
determine the performances of the criteria that should be improved.

3. Dimensions and criteriaBased on the related literature review, this study organizes
project risk, project management, and organizational performance dimensions to
propose a research framework. In the research framework, an expert questionnaire
and a company questionnaire were designed based on the three dimensions and
distributed via surveys to be completed by the cloud CRM experts and the case
companies. Based on the principle of information saturation, 18 expert consensus
data and DANP weight data were obtained, and then the DANP weight data were
input into the VIKORmodel for the operation analysis. The major dimensions and
criteria of this study are summarized and shown in Table 4.

4 Experiment and data analysis

This section discusses the three empirical cases used to validate the proposed method
for Internet applications based on expert questionnaires and implementation of the
DANP and VIKOR techniques.

4.1 Expert demographics and background of surveyed empirical cases

Cloud CRM experts and three companies were recruited to participate in the study
validation. Company-X is a traditional manufacturing industry. Due to the need for
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Table 5 Demographic data of the cloud CRM experts

Feature Demographic variable No. of people Percentage

Gender Male 13 72.22

Female 5 28.78

Age 31–40 years 13 72.22

41–50 years 5 28.78

Education level Bachelors 4 22.22

Masters 13 72.22

Ph.D. 1 5.56

Occupation Business manager 1 5.56

Information personnel 10 55.56

Information manager 4 22.22

R&D Engineer 2 11.11

Educators 1 5.56

Seniority 0–2 years 1 5.56

3–5 years 3 16.67

6–10 years 9 50.00

11 years and more 5 27.78

Years of experience in
cloud CRM project
management

4–5 years 9 50.00

6–10 years 8 44.44

11 years and more 1 5.56

business development, the progress of business and customer trends can bemaintained,
and therefore, the application of cloud CRM is very suitable in business management
units. Company-Y is an electronic information industry. Cloud CRM is mainly used to
understand the customers’ uses of information products and for new customer devel-
opment. Company-Z is an information service industry. Cloud CRM is mainly used
for customer data management, visiting customers and understanding customer needs.
The number of participants was determined based on the principle of information sat-
uration. We asked the experts the questions presented on the questionnaire in person,
while providing them with detailed explanations and examples to ensure that they
understood the actual meaning of the research framework. Table 5 presents demo-
graphic information for the surveyed experts, and Table 6 presents information for the
surveyed cases.

4.2 Calculating criterion weights using ANP

For the ANP technique processing, Steps 4–6 were executed. Table 7 presents the
results of the criterion weights.
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Table 6 Demographic data of the cloud CRM experts in three companies

Feature X-Company Y-Company Z-Company

Gender Female Female Female

Age 41–50 years 31–40 years Under 30 years

Education level Ph.D. Bachelors Bachelors

Occupation Information manager Information manager Sales

Seniority 11 years and more 11 years and more Under 2 years

Years of experience in
cloud CRM project
management

2–3 years 11 years and more Under 1 year

Cloud CRM system Marketing expert V-Point CRM SalesLogix

Industrial classification Traditional manufacturing
industry

Electronic information
industry

Information
service industry

Capital (Unit: NT$) Under 50 million 10–50 billion 50 million–1
billion

Employees Under 100 2001 and more Under 100

Table 7 Weights of each dimension, criterion, and weight rank

Dimension Criterion Dimension Criterion

Weight Weight rank Weight Weight rank

A a1 0.403 1 0.082 3

a2 0.069 11

a3 0.071 8

a4 0.069 10

a5 0.063 12

a6 0.049 14

B b1 0.275 3 0.058 13

b2 0.075 5

b3 0.070 9

b4 0.072 7

C c1 0.322 2 0.075 4

c2 0.089 1

c3 0.084 2

c4 0.074 6

4.3 Calculating the criterion performance using VIKOR

For the VIKOR processing, Steps 1–3 were executed. Based on the experimental
results, Table 8 presents the results of criterion performance. Table 9 describes the
results of the three companies’ performances. Figures 4, 5, 6, 7, 8 and 9 show the
results of the cloudCRMproject’s priority gaps by presenting effective and useful radar
charts. Figure 10 depicts the empirical performance results of the three companies.
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Table 9 Ranking indexes of
performances for the empirical
cases

Company S Q R

Company-X 3.736 0.750 2.243

Company-Y 4.648 0.750 2.699

Company-Z 6.361 0.775 3.568

Fig. 4 Company-X project performance in radar chart

Fig. 5 Company-X project performance in radar chart—dimensions

5 Results and discussion

By using the practical experience of cloud CRM experts and theMCDM-based DANP
model and VIKOR method, we determined the dimensions and criteria that have
weights and the performance of the gaps.
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Fig. 6 Company-Y project performance in radar chart

Fig. 7 Company-Y project performance in radar chart—dimensions

5.1 Findings

This study reports that there are different breadths and depths that differ from tradi-
tional CRM projects [38,47] as reported in related studies. Traditional CRM projects
implementing an enterprise are more inclined to explore the success factors, orga-
nizational environment and customer responses. Using DANP and VIKOR models,
complex problems can be structured to better elucidate the impact between the dimen-
sion and criterion and to obtain improvement suggestions based on objective expert
and case company opinions.

The cloud CRM project strategies were defined using the data in Table 8. Accord-
ing to the DANP model based on the basic concept of ANP, the data in Table 7 were
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Fig. 8 Company-Z project performance in radar chart

Fig. 9 Company-Z project performance in radar chart—dimensions

designed and obtained to calculate weighted and unweighted super-matrices to deter-
mine the influential weights based on the total-influential normalized matrix.

Table 8 shows the cloudCRMproject criteria weighted super-matrix indices and the
performance gaps of Company-X, Company-Y, and Company-Z. Each row represents
the weight of each criterion (see Table 7). Therefore, based on the results previously
provided in this paper, the influence of the criteria and index was determined using
the DEMATEL technique and the DANP in conjunction with the VIKOR model for
performance evaluation.

CloudCRMproject priority gaps (see Table 8 ; Figs. 4, 5, 6, 7, 8, 9) for improvement
are listed as follows.

1. Company-X The priority indices for improving dimensions include project risk,
project management, and organizational performance. The priority indices for
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Fig. 10 Project performance in radar chart for Companies X, Y, and Z

improving criteria include user risk, team risk, planning and control risk, project
planning and control, financial performance, organizational environment risk, user
participation, requirements risk, project complexity risk, internal integration, cus-
tomer performance, internal business process performance, learning and growth
performance, and top management support.

2. Company-Y The priority indices for improving dimensions include project risk,
organizational performance, and project management. The priority indices for
improving criteria include project complexity risk, user risk, requirements risk,
financial performance, planning and control risk, team risk, organizational environ-
ment risk, internal integration, user participation, customer performance, internal
business process performance, learning and growth performance, project planning
and control, and top management support.

3. Company-Z The priority indices for improving dimensions include organiza-
tional performance, project risk, and project management. The priority indices for
improving criteria include internal business process performance, financial per-
formance, planning and control risk, project complexity risk, requirements risk,
internal integration, user participation, learning and growth performance, user risk,
organizational environment risk, topmanagement support, customer performance,
team risk, and project planning and control.

The empirical case study results (see Table 9 and Fig. 10), which ranked
three companies’ performances, revealed that Company-X surpassed Company-Y
but Company-Y surpassed Company-Z, which indicates that Company-X (X) >

Company-Y (Y) > Company-Z (Z).

5.2 Academic and managerial implications

The academic and managerial implications of this study are based on the VIKOR
method as follows.
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5.2.1 Academic implication

This study revealed that, regarding financial performance, there is a need to improve
cloud CRM projects, which is consistent with the findings of Thoumy and Vachon
[42], who reported the following:

A positive linkage between organizational size and project’s financial perfor-
mance has been supported, as larger organizations have more capabilities to
implement such green initiatives.

We recommend that projectmanagement information system (PMIS)management can
improve project costs and financial performance. Project costs must be periodically
evaluated to curb cost increases and to ensure compliance with the ultimate goal of
the project, thus allowing enterprises to obtain effective control over the investment
costs of cloud CRM systems.

5.2.2 Managerial implications

Through the results of the three case studies, several guidelines can be proposed to
improve the cloud CRM project management of Internet service.

1. Company-X When the cloud CRM project was initiated, we first understood the
potential risks and then developed the planned risk response. A cloud CRM project
includes the organization of work and the relationship among people in close col-
laboration (such as information technology staff, users, and managers). Thus, the
interaction among people, communication, and coordination are closely related to
the risks of cloud CRM projects. The user’s learning attitude is also very important.
If the users are not suited to operate the new system, a lack of confidence will be
generated in the cloud CRM project. Thus, the education and training of users and
the user’s familiarity with the operation of the new system should be strengthened to
enhance the degree of success of the project. The project managers should strengthen
their effective project planning and control technology, and project managers should
implement effective project planning that can enable enterprises to reduce project
costs. Cloud CRM implementation of Internet service cannot control the progress of
the project duration if the project demand is not clear, and this will increase the project
costs.

2. Company-Y Before implementing a cloud CRM project, it is necessary to estab-
lish a project risk plan to avoid project risks. However, both the business environment
and management are dynamic, and therefore, the project in progress needs to control
developing risks, which include enterprise environment changes, to prevent the occur-
rence of risk events. A cloud CRM project has uncertainties, and the project will use
new technologies; therefore, attention must be paid to the process of converting from
the old system to the new one. Professionals with appropriate experience can assist in
the development of new technologies to reduce the complexity of the project. Active
participation of the project members in the project can strengthen internal integration
of the business under Internet service.
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3. Company-Z When implementing cloud CRM projects, it is necessary to consider
them from the users’ perspective. Because the cloud is a new technology,most business
people need to spend time to adapt to the new cloud CRM system, and thus, enhanced
user training is necessary. Because the project schedule is a high priority, it is recom-
mended that the goals and demands should be clear to reduce the project’s time cost. If
project planning does not consider other potential risk management costs, the project
implementation may lead to organization stress and an uncertainty in budget alloca-
tion. Therefore, communication can help project members and users understand the
basic concepts of project riskmanagement. Themain cloudCRMsystems are intended
for business and customer service staffs, who do not participate in the discussion of the
project, and this information can lead to an information gap. Project members should
continue to be informed of major decisions related to the project, project members
should strengthen the problem-solving consensus and expect to complete their tasks
within the projected time. The internal integration and cloud CRM project budget con-
trol are all part of the project process, and they should be strengthened. Cloud CRM
projects require cross-departmental discussion, and thus, communication within the
enterprise is very important. The communication issues within the project should be
strengthened so that members of the staff are more confidence in the project. In addi-
tion, monitoring and controlling costs oversee the progression of the project. Project
managers need to ensure that the applications of all changes can be enacted, and they
should appropriately manage its financial performance.

6 Conclusions

In this study, DANP and VIKOR approaches were applied with the following features.
First, we recognize the dynamic and iterative nature of project risk management and
BSC and present a real-world situation. DEMATEL can be used to establish the rela-
tionship between the dimension and criterion. In the absence of a preset relationship,
the data can be analyzed to determine the extent of the influence of each criterion.
The results of this study will provide insightful contributions. Second, the partici-
pants interviewed are domain experts who have rich experience with cloud CRM. In
addition, the quality of the interviewed experts is well controlled. The ultimate con-
sensus of these experts was determined by objective mathematical calculations rather
than subjective judgments. Therefore, the results of this study are characterized by
satisfactory reliability and effectiveness.

Using VIKOR to determine cloud CRM project performance under cloud comput-
ing perspectives for three case studies, the order of the performance of the companies
was as follows: Company-X (X) > Company-Y (Y) > Company-Z (Z). Recommen-
dations to improve criterion were addressed to the three companies as follows. First,
Company-X should improve dimensions and criteria in the following order: “Project
risk (A),” “User risk (a1),” “Project planning and control (b2),” and “Financial per-
formance (c3).” Second, Y-Company should improve dimensions and criteria in the
followingorder: “Project risk (A),” “Project complexity risk (a3),” “Internal integration
(b3),” “User participation (b4),” and “Financial performance (c3).” Third, Company-Z
should improve dimensions and criterions in the following order: “Organizational per-

123



Analysis of performance measures in cloud-based ubiquitous…

formance (C),” “Planning and control risk (a4),” “Internal integration (b3),” “Internal
business process performance (c2),” and “Financial performance (c3).”

Business decision-makers or project managers are constrained by limitations of
staff, time and budget; thus, it is necessary to determine the dimensions and criteria
where improvements can be made, which can increase the effectiveness of a cloud
CRM Internet service project. “Project risk (A)” is the most in need of improvement.
Most of the enterprises bear project risk for online project on time, without optimizing
software, thus creating many project risks. In the A, B, and C dimensions, “User risk
(a1)” is the most in need of improvement. If the users are not familiar with using the
cloud CRM system, these users will avoid operating the system. A cloud CRM project
is different from general IS projects because the cloud virtual technology costs are
much higher, and therefore, “Financial performance (c3)” is a concern for businesses.

The financial performance of Companies X, Y, and Z corresponds to different
suggestions for improvement, as described below. Company-X: Importing a cloud
CRM project cannot control the schedule and does not fully discuss demand planning,
resulting in an extra demand for functionality and increased budget costs. Company-Y:
Strengthening the project time management reduces the time cost of the project, and
corporate finances can be properly grasped. Company-Z: in implementing the project,
the project manager needs to ensure all project changes to the application and timely
action that can properly manage financial performance.

The contribution of this study discuss the relevance of cloud CRM project risk
management and performance. The results suggest that enterprises that implement
cloud CRM projects need to pay attention to project risk and financial performance
management. Project risk management emphasizes what should occur prior to a risk
event, rather than remedial measures taken after the event. In order for the project to be
successful, it is necessary to prioritize or minimize the impact of such risks as much as
possible. The BSC discussion highlights that companies also attach great importance
to financial performance; controlling project costs and overall business operating costs
have great impacts.

Themain conclusions of this study are the following two key points. (a) The greatest
criteria of relative weight primarily belong to the risk dimension, which indicates that
experts value the project risk. (b) The result of the empirical case studies revealed that
“financial performance” is unanimously considered to be in great need of improve-
ment. Finally, we hope that this study provides an effective reference for cloud CRM
experts for Internet service.

Acknowledgements The authors declare that there is no conflict of interests regarding the publication of
this paper.

References

1. Agrawal S, Singh RK, Murtaza Q (2016) Outsourcing decisions in reverse logistics: sustainable bal-
anced scorecard and graph theoretic approach. Resour Conserv Recycl 108:41–53

2. Armstrong G, Kotler P (2011) Principles of marketing. Pearson College Division Publisher, London
3. Beraka M, Al-Muhtadi J (2015) Critical comparison of access control models for cloud computing. J

Internet Technol 16(3):432–443

123



Y.-S. Chen et al.

4. Bull C (2003) Strategic issues in customer relationship management (CRM) implementation. Bus
Process Manag J 9(5):592–602

5. Chen FH, Hsu TS, Tzeng GH (2011) A balanced scorecard approach to establish a performance
evaluation and relationship model for hot spring hotels based on a hybrid MCDM model combining
DEMATEL and ANP. Int J Hosp Manag 30(4):908–932

6. Chunlin L, LaYuan L (2015) Cost and energy aware service provisioning for mobile client in cloud
computing environment. J Supercomput 71(4):1196–1223

7. Devine K, Kloppenborg TJ, O’Clock P (2010) Project measurement and success: a balanced scorecard
approach. J Health Care Finance 36(4):38–50

8. Dong LB, He T, Zhang L, Sun GZ, Shao JY (2015) QoS optimal location-based services architecture
based on mobile cloud computing and behavior prediction. J Internet Technol 16(5):895–904

9. Ergu D, Peng Y (2014) A framework for SaaS software packages evaluation and selection with virtual
team and BOCR of analytic network process. J Supercomput 67(1):219–238

10. Fan CI, Huang SY (2014) Timed-release predicate encryption and its extensions in cloud computing.
J Internet Technol 15(3):413–426

11. Fitó JO, Guitart J (2014) Business-driven management of infrastructure-level risks in cloud providers.
Future Gener Computer Syst 32:41–53

12. Fu ZJ, Shu JG, Wang J, Liu YL, Lee SY (2015) Privacy-preserving smart similarity search based on
simhash over encrypted data in cloud computing. J Internet Technol 16(3):454–461

13. Gabus A, Fontela E (1972) World problems, an invitation to further thought within the framework of
DEMATEL. Battelle Geneva Research Center, Geneva

14. Gabus A, Fontela E (1973) Perceptions of the world problematique: communication procedure, com-
municating with those bearing collective responsibility. Battelle Geneva Research Centre, Geneva

15. Goi MT, Kalidas V, Zeeshan M (2014) Comparison of Stimulus–Organism–Response framework
between international and local retailer. Proced Soc Behav Sci 130:461–468

16. Han WM, Huang SJ (2007) An empirical analysis of risk components and performance on software
projects. J Syst Softw 80(1):42–50

17. Hoque Z (2014) 20 years of studies on the balanced scorecard: trends, accomplishments, gaps and
opportunities for future research. Br Account Rev 46(1):33–59

18. HungYH,HuangTL,Hsieh JC, TsueiHJ, ChengCC, TzengGH (2012)Online reputationmanagement
for improving marketing by using a hybrid MCDM model. Knowl Based Syst 35:87–93

19. Jun L, Qiuzhen W, Qingguo M (2011) The effects of project uncertainty and risk management on IS
development project performance: a vendor perspective. Int J Proj Manag 29(7):923–933

20. Khameneh AH, Taheri A, Ershadi M (2016) Offering a framework for evaluating the performance of
project risk management system. Proced Soc Behav Sci 226:82–90

21. Lesáková L’, DubcováK (2016)Knowledge and use of the balanced scorecardmethod in the businesses
in the Slovak Republic. Proced Soc Behav Sci 230:39–48

22. Liu S, Xia F, Zhang J, Pan W, Zhang Y (2016) Exploring the trends, characteristic antecedents, and
performance consequences of crowdsourcing project risks. Int J Proj Manag 34(8):1625–1637

23. MehrabianA,Russell JA (1974)An approach to environmental psychology. TheMITPress, Cambridge
24. Minami C, Dawson J (2008) The CRM process in retail and service sector firms in Japan: loyalty

development and financial return. J Retail Consum Serv 15(5):375–385
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