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Abstract

Adopting the multidimensional balanced scorecard approach to improve project management and organizational perfor-
mance can help reduce project risks and potential disasters in order to maximize the investment benefits and security of IT
projects with high risks. We adopted the stimulus-organism-response (S-O-R) research context, whose stimulus, organism,
and response refer to project risk, project management, and organizational performance, respectively. Furthermore, a ques-
tionnaire survey of project management experts was conducted. We then utilized the DANP model, which combines the
Decision-Making Trial Evaluation Laboratory (DEMATEL) and the analytical network process, to explore the relationships
among project risks, project management, and organizational performance. We observed the following: (a) effective project
management can reduce project risk and improve organizational performance; (b) project risk is most influenced by the
user; (c) senior manager support significantly influences project management; (d) organizational learning and growth has a
significant impact on organizational performance; and (e) the criteria with the largest relative weight is generally considered
to pose a risk, which indicates that the experts seriously consider that project risk. Our results can provide a valuable refer-
ence for project management to reduce risk and improve organizational performance.

Keywords Potential disasters - Security - Decision-Making Trial and Evaluation Laboratory (DEMATEL) - Analytical
network process (ANP) - Project risk management - Balanced scorecard (BSC)

1 Introduction

Information systems are used to obtain big data comput-
ing, convert and distribute information. These activities are
meant to strengthen smart management decisions, improve
organizational effectiveness, and ultimately increase the
company’s profitability. Information systems are a com-
bination of elements such as management, organization
and technology. The management of information systems
includes leadership, strategy and management. So, the
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information system has a very important influence in the
enterprise organization. The information system is managed
by the enterprise’s information technology (IT) department,
and the IT department performance is closely related to the
organizational performance of the business. In the enterprise
organization performance evaluation mostly use the balanced
scorecard (BSC), it provides a good practical guide. Kaplan
and Norton (1992) proposed the BSC concept that has been
widely used in organizational performance evaluation. The
BSC can effectively translate the strategy into actions that
help organizations to achieve their goals. The BSC consists
of the following dimensions: financial, learning and growth,
internal business process, and customers. These are also the
key performance indicators (KPIs) which are tracked by the
organization and its departments. IT departments tradition-
ally develop and manage a number of information system
projects within an organization. The process of developing
an information system project relies heavily on human intel-
ligence, and thus has a high degree of uncertainty. Informa-
tion system projects embody various kinds of risks, includ-
ing IT, human resources, availability, project teams, projects
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and organizations, and strategic and political risks (Gido
and Clements 2012). In particular, project risk management
affects project selection, project scope determination, actual
schedules, and cost estimates (Schwalbe 2010). Reviewing
previous studies about how IT departments can determine
the relationship between project risks, project management,
and organizational performance is not only interesting, but
vital. This study primarily focuses on the dynamic relation-
ship between IT organizational performance targets, project
management, and project risks. The purposes of the study
are to: (a) explore important variables in these three areas;
(b) explore the relationships between these three areas; and
(c) establish effective improvements in these three areas and
propose feasible methods for carrying them out.

The rest of our article is divided into the following parts:
In Sect. 2, we review previous studies related to organiza-
tional performance and project management and summarize
our framework and methodology; the expert questionnaires
and data analysis are described in Sect. 3; Sect. 4 consists
of our research findings and managerial implications; and
in Sect. 5, we offer conclusions and potential research ideas
for the future.

2 Literature review

In this section, we introduce project risk and management,
the balanced scorecard concept, and the DANP method.

2.1 Projectrisks and management

The definitions of risk and uncertainty differ significantly
(Zimmermann 2000). Risk refers to not knowing the out-
come of an event, but understanding the outcome of many
different events that may occur. Meanwhile, uncertainty
refers not only to not knowing the outcome of an event, but
also not being able to judge it qualitatively or quantitatively
from the available information (Zimmermann 2000). Risk
management is widely recognized as a method for improving
IT project performance (De Bakker et al. 2010), and even
“safe” projects can still have risks.

Project risk refers to an uncertain event that can nega-
tively impact a project (Gido and Clements 2012), and risk
management (Odzaly et al. 2018) is defined as the under-
standing of such risk and the subsequent planning to handle
it. The goal is to obtain the maximum security assurance
with the minimum cost. The Project Management Knowl-
edge System (PMBOK) (PMI 2008) includes risk manage-
ment planning, risk identification, analysis, monitoring,
and control all within project risk management. Identify-
ing any risks that may negatively impact project objectives
is risk identification, while the purpose of risk monitoring
and control is to identify uncertainties in risk factors and
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alleviate the impact of such risks, as well as assist managers
in adopting the appropriate actions to counter those risks.
Previous studies have extensively investigated project risk
management (Han and Huang 2007; Van Os et al. 2015; Yim
et al. 2015; Liu et al. 2016; Zhang 2016) and have generally
observed that the proper handling and management of risk
can significantly improve a project’s success (Gido and Cle-
ments 2012). To further explore the risk of an information
project, this study refers to Han and Huang (2007) for the
six risk scales.

Project management (Vidal et al. 2013) is the adaptable
and effective application and coordination of resources to
meet project objectives and requirements. Kerzner (1984)
suggests that project management consists of not only
the planning, organization, and utilization of controllable
resources to achieve specific objectives but also the alloca-
tion of the specific project tasks to various employees within
the department. In recent studies on project management
(Sangaiah and Thangavelu 2013; De Carvalho et al. 2015;
Golini et al. 2015; Willems and Vanhoucke 2015), many
of the authors concluded that key success factors included
cost, performance, completion time, and range. Pinto and
Slevin (1987) and Kearns (2007) all found that senior man-
agement’s support for projects is another key to success.
Without senior management to support the financial, human,
and material resources to implement IT projects, the entire
project is more likely to fail. Furthermore, Jun et al. (2011)
suggested that project planning and control, internal integra-
tion, and user participation may all considerably influence
project performance. Based on the existing literature, this
study relies on four project management variables (senior
manager support, project planning and control, internal inte-
gration, and user participation) to perform our research. In
the project risk management process, risk analysis is first
used to identify risks. According to the literature, project
risks can be technical, time, monetary, employment, mar-
ket, or structural risks (Schwalbe 2010; Gido and Clements
2012).

2.2 Balanced scorecard

Balanced Scorecard (Bassen et al. 2006; Lee and Lai 2007),
abbreviated BSC, is a performance management tool that
transforms an enterprise’s strategic objectives into a number
of specific performance appraisal indicators and evaluates
the realization status of these indicators at various times in
order to establish a reliable implementation basis for com-
pleting the enterprise’s strategic objectives. Kaplan and Nor-
ton (1992) indicated that financial experts are responsible
for overseeing the performance evaluation system and that
senior management is not necessary. BSC assists manag-
ers in transforming their strategies into quantifiable goals
related to finances, customers, internal business processes,
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and learning and growth, as well as judging performance
aspects in all areas. The true purpose of BSC is to identify
strategies and goals through cross-section communication.
BSC divides performance targets into the following catego-
ries: financial, customer, internal business, and learning and
growth.

The BSC questionnaire in this study is based on the
work of Wang et al. (2006), Jun et al. (2011), and Devine
et al. (2010). Their research is relevant to the learning and
growth perspectives in project development. Therefore, we
refer to BSC-related literature to determine the following
four organizational performance variables: customer per-
formance, internal business process performance, financial
performance, and learning and growth performance.

2.3 Methods and materials
2.3.1 DANP

This study has collected relevant literature from journal
articles and developed a research framework according to
the various performance targets. We designed a pairwise
comparison-based questionnaire and distributed it to rel-
evant professionals. We adopted the Decision-Making Trial
and Evaluation Laboratory (DEMATEL)-based analytical
network process (ANP) model to prepare the questionnaires

to determine relationships and criteria weights since they
could be used in a number of fields, including supplier evalu-
ation (Liou et al. 2014), carbon system (Liou 2015), and life
insurance industries (Shen et al. 2017). The research frame-
work of this study is validated by the DANP model, and
explore the relationship between dimensions and criteria.
DANP does not require any presumptions; therefore, apply-
ing DANP is suitable for exploring dependencies in this
study. The DANP model has two parts: (1) using DEMATEL
build IRM, and (2) using ANP to find influential weights, as
shown in Fig. 1.

2.3.2 DEMATEL

The Decision-Making Trial and Evaluation Laboratory
(DEMATEL) method converts the causal relationships of
an element into a visible structural model and is suitable for
handling complex social issues (Gabus and Fontela 1972,
1973). DEMATEL has a number of practical advantages and
has thus been adopted in several fields, including software
development (Sangaiah et al. 2015), portfolios (Altuntas and
Dereli 2015), supply chains (Supeekit et al. 2016; Wu et al.
2017), suppliers (Mirmousa and Dehnavi 2016), emergency
management (Zhou et al. 2017), emergency system (Han and
Deng 2018) and knowledge transfer (Sangaiah et al. 2017,
Gopal et al. 2018), among others.

ANP DEMATEL
Criteria questionnaire survey
- Normalized Tc (T.*) < Total criteria relation matrix (T,)
v \
Normalized Td (T4*) < Total dimension relation matrix (Ty) > Impact relation map (IRM)

A

' g Weighted super-matrix (S*)

\ 4

Influential weights

Fig.1 DANP model
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Steps 1-3 of the DANP model for creating an IRM using
the DEMATEL technique are summarized below:

Step 1: Create an initial direct-relationship matrix The
purpose of this step is to sort out the basic information of the
collected expert questionnaires. The initial direct-relationship
matrix Z is the matrix of n X n and obtains the influence degree
of 1 to 4 between the elements.

Step 2: Standardize the initial relationship matrix to
obtain the total-relationship matrixes The initial relation-
ship matrix X = [xl_-i]. is obtained by joining Egs. (1) and

(2) together.
n
Y = max; fﬁ%ﬁ ZU’ max Z Zi | )
x=1z @
=2

The total-relation matrix can be obtained with Egs. (3) and
).

T=X+X+-+X"=XxI-X)"=[X] . p->o

(©)

T=t], . bi=1L2...,n )

In Eq. (5), T, is a super-matrix that explains the relationship
between the criteria and the degree of influence.

Dy DJ'
Cll eee Clnl --.le cee cjnj ---len--
— 1 7
Tcll TC ]
C11
C12
D,
C1n1
Cix
Ci> i ij
TC = Di lE Tcll oee TC]
Cini
Cm1
Cm2
Dy ™
Cmnpy ,
mil mj
7 T

From Eq. (6), we can then find the total dimensions relation
matrix 7 ,.

11 1 Im
Z‘d cee td e td
T,= t;l A [Z" . (6)
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Step 3: Develop an impact relationship map The results of
Egs. (7) and (8) can obtain r and s, which are the sums of rows
and the sums of columns (s), respectively.

r=rlp = [ 20| )
[ j=1

d nx1

2l ®)

r;is the criteria i (or dimensions) represents the cause; s; is
the criteria j (or dimensions) represents the result. If (r; — ;)
is positive, the criteria is a “cause”. If (r; — s;) is negative, the
criteria is a “result” (Wu 2008; Wu and Lee 2007) The quad-
rants are described as follows: quadrant I represents a high
degree of correlation with a high degree of causality; quadrant

II represents a low degree of correlation with a high degree of

§= [ij]nxl =

Dy,

Cmnpy,

im 7
Te
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causality; quadrant III represents a low degree of correlation
with a low degree of causality; and quadrant IV represents a
high degree of correlation and low degree of causality.

2.3.3 ANP

To solve the problem of complex nonlinear network rela-
tionships, Saaty (1996) proposed the Analytical Network
Process (ANP).

Step 4: Standardize the total criteria relationship matrix
The operation of Eq. (9) allows the total criteria relationship
matrix T, to be calculated in order to obtain 7.

..,ml,

L e LY e ) fa ] T
T Iy ¥ .
| Jd) e gl )t | |
_Tcl*l Tc]i e T
and T' = T1 Tf T’”
_Tc;'ll T;": T;Elkm

The S matrix can be transposed by Eq. (12) to obtain S*.

11 11 il il ml ml

T, XTd* TC_*de* e T7 XTd*

s _ |l ol i o il mj o, m
S = TIxXT) « TLxT! o T XT (12)

1m | Im im : im mm | mm

Tc* XTd* Tc* XTd* Tc* XTd*

After the S* matrix is multiplied by itself (lim(p_m(S %),
the weight of each criteria can be obtained.

3 Research methodology

In this subsection, we summarize our research process, includ-
ing its framework and design, as well as the data collection.

11 11
tclj* tcln]*
tl] ll.l
cij* cing*
l‘” 11
cnylx cnyng* (9)

Step 5: Standardize the total dimensions relationship
matrix Eq. (10) allows the total criteria relationship matrix
T, to be calculated in order to obtain 7.

m
i _ ij
=20
J=1

11 /41 /.1 Im /.1 11 1j Im
td /td td /td td /td Td* Td* Td*
| il g ij‘i im‘ i | = }1 'ij 'im
T; = td/td td/td el /td =Ty Ty TG
1 mj‘ m‘ ;nl ;77j r‘nm
f; /f; R /f; f; /f; Td* Td* Td*

(10)

Step 6: Develop the weighted super-matrix and obtain
the influential weights of the elements The original weighted
super-matrix S can be obtained by multiplying the normal-
ized T and T, through Eq. (11).

11 11 1j 1j 1m Im
T, XT, - TeeXT, - TXT)

il il LT i ... Tim im
Tc* xXT i T, xT 4 Tc* xXT i

an
T x T

ml ml ., mjo
Tc* X Td* TC* X Td*

3.1 Research framework

According to relevant literature and the S-O-R model,
environmental factors act as stimuli that can influence an
individual’s response and behavior (Mehrabian and Rus-
sell 1974). We illustrate the dimensions and criteria of the
research framework shown in Fig. 2.

3.2 Research design

To analyze the relationships among project risk, project
management, and organizational performance on the BSC,
we sent questionnaires to experts with considerable expe-
rience in information systems project management. The
returned questionnaires were then analyzed using both a
DANP model and hybrid multi-criteria decision-making
(MCDM) (Abdel-Basset et al. 2017; Goyal et al. 2018)
framework-based DEMATEL, as well as ANP techniques
so that we could better understand the relationship between
various dimensions and the criteria. The proposed method
for this study is shown in Fig. 3.
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topics, dimensions, and criteria.
Project risk
User risk 1

. Research participants We recruited 18 experts with
Demand risk

background experience in IT departments and years

Stimulus > Project complexity risk . . .
Risk planning and control of project management experience. According to the
Team risk findings of Northcutt and McCoy (2004), a focus group
Organizational environment risk should include 12-20 experts that meet the following
i conditions: (a) have a wealth of experience in research
topics; (b) able to express their ideas; (c) actively partic-
ipate in research; (d) homogeneous group regarding dis-
\ A tance and power; and (e) able to demonstrate excellent
team spirit by not being overly assertive or too afraid to

Proiect management share their opinions.
Oreanism Senior manager support 2. Research topic Experts with rich experience in project
Project planning and control management were invited to participate in the group
Internal integration consensus, and the DANP method was used to study
User participation the relationship between variables (see Fig. 2).

3. Dimensions and criteria In accordance with our lit-
A erature review, the dynamic relationship between the

dimensions and criteria are shown in Table 1.

Y 3.4 Analysis
Organizational performance 3.4.1 Expertrespondents
Customer performance

Response » Internal business process performance We recruited senior employees from IT departments to
Financial performance respond to our questionnaire after determining the ideal
Learning and Growth performance number of participants according to the information satura-
tion principle. The demographic information of the surveyed

experts is shown in Table 2.

Fig.2 Study research framework

3.4.2 Establishing IRMs using DEMATEL technique

3.3 Data collection Tables 3 and 4 show the group consensus from the experts
concerning the impact of each criterion. The error rate in
This section contains a description of the expert survey pro-  Table 4 is 4.294%, which indicates a significant confidence

cess, from the introduction to the research participants to the ~ level of 95%. Therefore, the initial direct-relationship matrix

Fig. 3 Flowchart of the pro-
posed method Seek expert consensus
regarding criteria

Y

Perform DEMATEL
and ANP steps

Y

Establish relationship diagram
and determine criterion
weights

Y

Obtain conclusion and
implication

Literature review
and expert questionnaire

DEMATEL and
ANP techniques

DEMATEL and
ANP results

Comparison and analysis
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Table 1 Dimensions and criteria

Dimension Criteria

Measurement items reference

X1 User risk
X2 Demand risk
X3 Project complexity risk

X-Project risk

X4 Risk planning and control

X5 Team risk

Han and Huang (2007)

X6 Organizational environment risk

Y-Project management

Y2 Project planning and control

Y3 Internal integration
Y4 User participation

Z-BSC Z1Customer performance

Z2 Internal business process performance

7.3 Financial performance

Y1 Senior manager support

Jun et al. (2011); Kearns (2007)

Han and Huang (2007); Wang et al.
(2006); Jun et al. (2011); Devine et al.
(2010)

74 Learning and growth performance

Table 2 Background information of experts

Feature Demographic variable Number Percentage
of people

Gender Male 15 83
Female 3 17
Age 31-40 years 11 61
41-50 years 5 28
51 years and above 2 11
Education Bachelors 6 33
Masters 10 56
Ph.D. 2 11
Position Information personnel 13 72
Information manager 5 28
Job tenure 3-5 years 2 11
6-10 years 10 56
11 years and more 6 33
Years of project 4-5 years 9 50
management 6-10 years 8 45
expenience 11 years and more 1 5

Z can be obtained from Table 14, and this data can be used
for DEMATEL operations.

We subsequently carried out steps 1-3 previously men-
tioned in subsection 2.3.2. (1) Step 1: The initial direct-
relationship matrix Z was normalized to obtain matrix
X. All elements X in X must satisfy O <x; < 1, and the
principal diagonal element must be equal to 0. The results
of the normalized initial direct-relation matrix are shown
in Table 5. (2) Step 2: The total criteria relation matrix 7,
and total dimensions relation matrix 7, were then found
through matrix X. The total criteria relationship matrix
and total dimensions relationship matrix are presented in

Tables 6 and 7, respectively. (3) Step 3: Lastly, we deter-
mined the degree to which each criteria and dimension
influenced and was influenced by all others, as shown in
Table 8.

After performing steps 1-3, we used the results to pro-
duce 4 IRMs, which are shown in Fig. 4, 5, 6 and 7.

3.4.3 Criteria weights of ANP

We adopted the ANP technique as follows in order to per-
form steps 4-6: (1) Steps 4 and 5: Find the original weighted
super-matrix. Tables 9 and 10 show the results of the stand-
ardized total criteria relationship matrix and the normal-
ized total dimensions relationship matrix, respectively. (2)
Step 6: Make S* satisfy the column-stochastic principle. The
weighted super-matrix is shown in Table 11. Next, $* was
multiplied by itself (lim,,_, ., (S*)?) to create the converged
stable limited matrix W. The limit of the weighted super-
matrix is presented in Table 12. As for our experimental
results, the results of the criteria weights, the relationship
matrix of organizational performance and project risk, and
the relationship matrix of organizational performance and
project management are shown in Tables 13, 14 and 15,
respectively.

4 Results and discussion

With the work experiences of senior employees from IT
departments and the application of the MCDM-based
DANP model, we were able to determine the impact rela-
tionships and importance of the dimensions examined in
this study.
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Table 3 Interview with 17 experts’ group consensus on the impact of criteria

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 Z2 Z3 74

X1 0.000 1.882 1.824 2.294 1.765 1.765 1.824 1.176 1.529 2.706 1.941 1.235 0.647 1.412
X2 2.353 0.000 2.176 2.706 1.647 1.294 1.353 2.412 0.882 1.471 1.529 1.000 1.059 0.647
X3 0.882 2.235 0.000 1.588 1.294 0.529 1.471 1.412 1.235 0.882 0.706 1.235 1.000 0.882
X4 1.294 2.059 3.118 0.000 1.706 1.471 2.000 2.412 1.706 1.529 1.235 1.235 1.294 1.294
X5 1.235 1.059 2235 2.412 0.000 2.059 1.765 2.000 2.353 1.882 1.529 1.824 1.412 1.824
X6 1.059 0.882 1.647 1.824 2.118 0.000 2.000 1.941 2.059 1.176 1.118 1.412 1.294 0.941
Y1 1.412 1.412 1.176 1.941 1.882 2.000 0.000 1.941 1.882 2.059 1.706 2.176 1.647 1.706
Y2 1.000 2.000 2.176 2.765 2.000 1.941 2.176 0.000 1.647 1.471 1.765 1.941 1.706 1.353
Y3 1.294 1.765 1.412 2.118 2.118 2.176 2.118 2.176 0.000 1.706 1.471 2.235 1.471 1.765
Y4 2.176 1.882 1.235 2.176 1.824 1.647 1.529 2.000 2.176 0.000 2.176 1.471 1.059 2.059
Z1 2.176 1.118 1.176 1.176 0.941 1.059 0.941 1.412 1.059 1.824 0.000 2.118 1.471 1.529
72 1.412 1.235 1.000 1.471 1.176 1.588 1.176 1.765 1.765 1.706 1.529 0.000 1.529 1.529
73 1.059 1.118 1.176 1.529 1.000 1.471 1.412 1.647 1.176 1.059 1.647 1.706 0.000 0.882
74 1.765 1.176 1.294 1.529 1.588 1.471 1.588 1.882 1.588 2.059 1.765 1.765 1.353 0.000

Table 4 Interview with 18 experts’ group consensus on the impact of criteria

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 z1 z2 73 74

X1 0.000 2.000 1.833 2.278 1.667 1.889 1.722 1.167 1.500 2.778 2.000 1.222 0.667 1.444
X2 2.389 0.000 2.278 2.722 1.778 1.389 1.333 2.500 0.889 1.444 1.611 1.111 1.222 0.611
X3 0.833 2.333 0.000 1.667 1.389 0.500 1.444 1.444 1.278 0.833 0.833 1.333 1.000 0.833
X4 1.222 2.111 3.167 0.000 1.722 1.444 2.000 2.500 1.833 1.500 1.333 1.333 1.389 1.333
X5 1.278 1.222 2278 2.389 0.000 2.111 1.833 2.056 2.333 1.889 1.611 1.889 1.500 1.722
X6 1.222 1.000 1.611 1.889 2.167 0.000 2.111 2.000 2.111 1.222 1.111 1.444 1.333 1.000
Y1 1.556 1.500 1.167 2.000 1.944 2.111 0.000 2.056 1.944 2.167 1.722 2222 1.778 1.778
Y2 1.111 2.111 2.167 2.833 2.056 2.000 2.056 0.000 1.722 1.389 1.889 2.056 1.778 1.333
Y3 1.389 1.889 1.444 2222 2.111 2222 2.000 2.167 0.000 1.611 1.556 2278 1.500 1.722
Y4 2.278 2.000 1.167 2.111 1.833 1.722 1.444 2.000 2.167 0.000 2222 1.500 1.056 2.000
Z1 2222 1.056 1.111 1.111 0.889 1.000 0.889 1.333 1.000 1.833 0.000 2.000 1.389 1.556
72 1.500 1.167 0.944 1.389 1.111 1.500 1.111 1.667 1.667 1.611 1.556 0.000 1.611 1.556
73 1.056 1.222 1.111 1.444 0.944 1.389 1.444 1.556 1.111 1.000 1.556 1.611 0.000 0.833
74 1.778 1.167 1.222 1.611 1.611 1.389 1.500 1.778 1.500 2.000 1.667 1.778 1.278 0.000

Table 5 Normalized initial direct-relationship matrix

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 Z2 Z3 Z4

X1 0.000 0.078 0.071 0.089 0.065 0.074 0.067 0.045 0.058 0.108 0.078 0.048 0.026 0.056
X2 0.093 0.000 0.089 0.106 0.069 0.054 0.052 0.097 0.035 0.056 0.063 0.043 0.048 0.024
X3 0.032 0.091 0.000 0.065 0.054 0.019 0.056 0.056 0.050 0.032 0.032 0.052 0.039 0.032
X4 0.048 0.082 0.123 0.000 0.067 0.056 0.078 0.097 0.071 0.058 0.052 0.052 0.054 0.052
X5 0.050 0.048 0.089 0.093 0.000 0.082 0.071 0.080 0.091 0.074 0.063 0.074 0.058 0.067
X6 0.048 0.039 0.063 0.074 0.084 0.000 0.082 0.078 0.082 0.048 0.043 0.056 0.052 0.039
Y1 0.061 0.058 0.045 0.078 0.076 0.082 0.000 0.080 0.076 0.084 0.067 0.087 0.069 0.069
Y2 0.043 0.082 0.084 0.110 0.080 0.078 0.080 0.000 0.067 0.054 0.074 0.080 0.069 0.052
Y3 0.054 0.074 0.056 0.087 0.082 0.087 0.078 0.084 0.000 0.063 0.061 0.089 0.058 0.067
Y4 0.089 0.078 0.045 0.082 0.071 0.067 0.056 0.078 0.084 0.000 0.087 0.058 0.041 0.078
Z1 0.087 0.041 0.043 0.043 0.035 0.039 0.035 0.052 0.039 0.071 0.000 0.078 0.054 0.061
72 0.058 0.045 0.037 0.054 0.043 0.058 0.043 0.065 0.065 0.063 0.061 0.000 0.063 0.061
73 0.041 0.048 0.043 0.056 0.037 0.054 0.056 0.061 0.043 0.039 0.061 0.063 0.000 0.032
z4 0.069 0.045 0.048 0.063 0.063 0.054 0.058 0.069 0.058 0.078 0.065 0.069 0.050 0.000
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Table 6 The relationship matrix of 7,

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 Z2 73 74
X1 0.278 0367 0373 0438 0359 0357 0356 0382 0351 0395 0360 0347 0273 0.304
X2 0.349 0.284 0379 0439 0350 0327 0331 0412 0317 0335 0334 0330 0282 0.263
X3 0.231 0297 0223 0320 0266 0229 0265 0298 0260 0244 0239 0.268 0217 0211
X4 0.325 0378 0425 0364 0367 0346 0372 0433 0367 0354 0341 0358 0.304 0.303
X5 0.342 0362 0410 0467 0320 0387 0383 0437 0402 0384 0367 0395 0322 0.332
X6 0.298 0309 0342 0397 0354 0268 0348 0384 0350 0317 0306 0334 0279 0.269
Y1 0.353 0369 0370 0453 0390 0387 0315 0436 0388 0394 0372 0405 0331 0.334
Y2 0.340 0394 0411 0486 0397 038 0392 0367 0383 0370 0.379 0402 0334 0320
Y3 0.348 0384 0383 0464 0398 0393 0389 0443 0320 0377 0367 0409 0323 0.333
Y4 0.375 0383 0368 0453 0382 0369 0364 0429 039 0314 038 0376 0.301 0.338
Z1 0.297 0269 0279 0319 0266 0.264 0262 0.311 0.268 0.299 0.226 0309 0.244 0.254
72 0.285 0287 0.289 0347 0289 0.296 0.286 0.341 0.306 0305 0.297 0.252 0.265  0.265
73 0.243  0.261 0.266 0315 0.254 0.264 0269 0.305 0259 0255 0269 0282 0.183 0.216
74 0.318 0313 0325 0385 0332 0317 0324 0373 0327 0344 0326 0343 0274 0.230
Table 7 The relationship matrix of 7, 012 ey
Criteria X Y zZ T 0.10
0.08 Y-Project management (2.16, 0.09)
X 0.342 0.353 0.306 1.001
Y 0.393 0379 0357 1.129 o0
z 0.295 0.302 0.265 0.862 %%
S 1.030 1.035 0.927 002
0.00 . . . L rits
1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20
-0.02
Table 8 The degree of influence of dimensions and criteria w004 7 X-Project risk (2.03, -0.03)
-0.06
I, 5; T 1S Z-BSC (1.79, -0.07)
b -0.08 ~
X 1.001 1.030 2.032 -0.029
X1 2.171 1.823 3.993 0.348 Fig.4 IRM of dimensions
X2 2.128 1.996 4.124 0.132
X3 1566 2151 3.718 -0.585 1. Dimensions impact relationship The impact relationship
X4 2.205 2425 4.631 -0.220 of the three dimensions are valid, as shown in Fig. 4.
X5 2.288 2017 4.305 0.272 The degree of influence of these elements is understood.
X6 1.967 1914 3.881 0.054 . . . .
Since the matrix does not contain null values, it truly
Y 1.129 1.035 2.164 0.095 . . . .
reflects a dynamic relationship of the real-world organi-
Y1 1.533 1.460 2.993 0.073 . . . . .
va 1510 1675 3187 0162 zation. Experts believe that Dimension Z (BSC) is the
v3 - 1481 3010 0.047 most affecteq by qther cr1.ter1.a. . .
va 1497 1455 2952 0.042 2. Impact relationship of criteria under dimension X User
7 0.862 0.927 1789 0,065 risk is greatly affected by other criteria, as shown in the
71 1033 1118 2150 0,085 analysis results in Fig. 5. Project risk has a high impact,
72 1.079 1186 2965 0,106 if users view the project as unfavorable.
73 0.950 0.966 1.916 20017 3. Impact relationship of criteria under dimension Y Sup-
74 1.173 0.965 2138 0.208 port from senior managers is a high-impact factor, as
shown in Fig. 6. Therefore, senior managers’ support
for a project will have a significant impact on project
4.1 Findings management.
4. Impact relationship of criteria under dimension Z

We report the following findings based on the analytical
DANP model results.

“Learning and growth performance” is highly influen-
tial, meaning that organizational learning and growth
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Table 9 The relationship matrix of T'*

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 Z2 73 74
X1 0.128 0.169 0.172 0.202 0.165 0.164 0.240 0.257 0237 0266 0.280 0270 0.212  0.237
X2 0.164 0.133 0.178 0.206 0.164 0.154 0.237 0295 0227 0240 0276 0273 0.233 0.217
X3 0.148 0.190 0.142 0204 0.170 0.146 0248 0.280 0.243 0229 0.256 0.286 0232  0.226
X4 0.147  0.171 0.193 0.165 0.166 0.157 0244 0284 0.241 0.232  0.261 0274  0.233  0.232
X5 0.150 0.158 0.179 0204 0.140 0.169 0.238 0.272 0250 0239 0.259 0279 0227 0.234
X6 0.151  0.157 0.174 0202 0.180 0.136 0249 0.274 0250 0.227 0.258  0.281 0.235  0.226
Y1 0.152  0.159 0.159 0.195 0.168 0.167 0205 0284 0.253 0257 0258 0.281 0230 0.232
Y2 0.141 0.163  0.170 0201 0.164 0.159 0260 0.243 0.253 0244 0264 0280 0.233 0.223
Y3 0.147 0.162 0.162 0.196 0.168 0.166 0.255 0.290 0.209 0.247 0.256 0.286 0.226  0.232
Y4 0.161 0.164 0.158 0.194 0.164 0.158 0.243 0287 0.261 0.210 0275 0268 0.215 0.241
Z1 0.176  0.159 0.165 0.188 0.157 0.156 0.230 0.273 0235 0.262 0.219 0299 0236 0.246
72 0.159 0.160 0.161 0.193 0.161 0.165 0.231 0.275 0248 0246 0275 0234 0246 0.246
73 0.151 0.163 0.166 0.196 0.159 0.165 0247 0.281 0.238 0234 0283 0.297 0.193  0.227
74 0.160  0.157 0.163  0.194 0.167 0.159 0237 0273 0239 0251 0278 0.292 0234 0.196
Table 10 The relationship Criteria X Y 7 growth performance, financial performance) had the
matrix of T least impact compared to the other criteria.
X 0.438 0301 0261 6. The impact relationships of X, Y, and Z We have learned
Y 0.445 0286 0.269 that risk planning and control are valued for organiza-
z 0.438 0299 0.262 tional performance. Furthermore, project planning and
control are critical to organizational performance in the
project management dimension, as shown in the analysis
has a high impact on organizational performance in results of Tables 14 and 15.
information project activities, as shown in the dynamic 7. Necessary improvements for each dimension and criteria
relationship in Fig. 7. In accordance with the causal relationship between each
5. Weights of each dimension and criteria The influential dimension and criteria, we listed the dimensions that
weights of the criteria and dimensions are shown in were studied in order of priority with regard to requir-
Table 13. According to the analysis results, the experts ing improvement: project management, project risk, and
highly valued project risk. Risk planning and control BSC (i.e., organizational performance). Improving risk
was ranked number 1, while two criteria (learning and planning and control and project planning and control
Table 11 Calculation of S*
Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 72 73 74
X1 0.056  0.072  0.065 0.065 0.066 0.066 0.068 0.063 0.065 0.072 0.077 0.070 0.066  0.070
X2 0.074 0.058 0.083 0.075 0.069 0.069 0.071 0.073  0.072 0.073 0.070 0.070  0.071 0.069
X3 0.075 0.078 0.062 0.084 0.079 0.076  0.071 0.076  0.072  0.070  0.072  0.071 0.073  0.072
X4 0.088 0.090 0.089 0.072 0.089 0.088 0.087 0.090 0.087 0.087 0.083 0.085 0.086 0.085
X5 0.072 0.072 0.075 0.073  0.061 0.079 0.075 0.073 0.075 0.073 0.069 0.071 0.070  0.073
X6 0.072  0.067 0.064 0.069 0.074 0.060 0.074 0.071 0.074 0.070 0.068 0.072 0.072  0.070
Y1 0.072  0.071 0.075 0.073 0.072 0.075 0.059 0.074 0.073 0.070 0.069 0.069 0.074 0.071
Y2 0.078 0.089 0.084 0.086 0.082 0.083 0.081 0.069 0.083 0.082 0.082 0.082 0.084 0.082
Y3 0.071 0.068 0.073 0.072 0.075 0.075 0.072 0.073 0.060 0.075 0.070 0.074 0.071 0.071
Y4 0.080 0.072 0.069 0.070 0.072 0.068 0.074 0.070 0.071 0.060 0.078 0.074 0.070  0.075
Z1 0.073  0.072  0.067 0.068 0.068 0.067 0.069 0.071 0.069 0.074 0.058 0.072 0.074  0.073
z2 0.071 0.071  0.075 0.071 0.073 0.073 0.076 0.075 0.077 0.072 0.078 0.061 0.078  0.077
73 0.055 0.061 0.061 0.061 0.059 0.061 0.062 0.063 0.061 0.058 0.062 0.064 0.051 0.061
74 0.062  0.057 0.059 0.060 0.061 0.059 0.062 0.060 0.063 0.065 0.064 0.064 0.060 0.052
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Table 12 Calculation of W

Criteria X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Y4 Z1 72 Z3 74

X1 0.067  0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
X2 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071  0.071
X3 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074  0.074
X4 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086
X5 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072  0.072
X6 0.070  0.070 0.070  0.070  0.070 0.070  0.070 0.070  0.070  0.070  0.070  0.070  0.070  0.070
Y1 0.071 0.071 0.071 0.071 0.071 0.071 0071 0.071 0.071 0.071 0.071 0.071 0.071  0.071
Y2 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0082 0.082 0.082 0082 0.082 0.082 0.082
Y3 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072  0.072
Y4 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072  0.072
Z1 0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070  0.070
72 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073  0.073
73 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060
74 0.061 0.061 0.061 0061 0.061 0.061 0061 0.061 0.061 0061 0.061 0.061 0.061 0.061

Table 13 The list of weight ranks for each dimension and criterion

Dimension Criteria Dimension Criteria

Weight Weight rank Weight Weight rank

X X1 0440 1 0.0670 12
X2 0.0713 8
X3 0.0738
X4 0.0860 1
X5 0.0721 5
X6 0.0698 10

Y Y1 0296 2 0.0712 9
Y2 0.0818 2
Y3 0.0717 6
Y4 0.0716 7

z Z1 0264 3 0.0696 11
72 0.0733 4
z3 0.0601 14
Z4 0.0606 13

should be particularly emphasized. Through project
management technology, project managers reduce pro-
ject risks and improve organizational performance in
information systems.

4.2 Managerial implications

The research results show that information system project
managers should make improvements related to the follow-
ing criteria: (a) risk planning and control, for which the
project manager should accurately assess resources and
strictly manage the progress of a project; (b) project plan-
ning and control, for which the critical path method should
be used to improve and review project milestones; and (c)
project complexity risk, for which unfamiliar techniques
should be avoided.

5 Conclusion

In this study, we applied the MCDM evaluation method
to obtain valuable smart defense risk management results.
Using the DEMATEL method, this study found that pro-
ject management (Y) had the greatest impact, which BSC
(Z) had the least impact was. In Dimension X’s analy-
sis, user risk had the greatest degree of impact, while
project complexity risk had the least impact. In Dimen-
sion Y’s analysis, senior manager support had the great-
ers degree of impact, while project planning and control

Table 14 The relationship

- Criteria Relative weight X1 X2 X3 X4 X5 X6
matrix of Z and X
Z1 0.264 0.297 0.269 0.279 0.319 0.266 0.264
72 0.278 0.285 0.287 0.289 0.347 0.289 0.296
73 0.228 0.243 0.261 0.266 0.315 0.254 0.264
74 0.230 0.318 0.313 0.325 0.385 0.332 0.317
Added weight 0.286 0.282 0.289 0.341 0.285 0.285
Relative importance 0.162 0.160 0.164 0.193 0.161 0.161

@ Springer



2680

Y.-S.Chen et al.

Table 15 The relationship matrix of Z and Y

Criteria Relative weight Y1 Y2 Y3 Y4

Z1 0.264 0262 0.311 0.268 0.299
72 0.278 0.286 0.341 0.306 0.305
73 0.228 0.269 0.305 0.259 0.255
74 0.230 0.324 0373 0.327 0.344
Added weight 0.285 0.332 0.290 0.301

Relative importance 0.236 0.275 0.240 0.249

040

‘wr risk (3.99, 0.35)
0.30
7 X5-Team risk (4.31, 0.27)

X2-Demand risk (4.12, 0.13)

X6-Organizational
0.20 environment risk
0.10 (3.88,0.05)

0.00

T rits;
3.50 3.70 3.90

-0.10
-0.20 -+

-0.30 -

-040 - X4-Risk planning and control
’ (4.63,-0.22)

-0.50 -
X3-Project complexity risk (3.72, -0.58)
-0.60

ri-S;

Fig. 5 IRM of criteria under dimension X

0.10 T
Y4-User participation
(2.95,0.04)

Y 1-Senior manager support (2.99, 0.07)

0.05 -
Y3-Internal integration (3.01, 0.05)

0.00 -
2.90 295

T T rits;
3.15 3.20

-0.05 +

-0.10

-0.15 ‘.
Y2-Project planning and control (3.19, -0.16)
-0.20

7i-S;

Fig.6 IRM of criteria under dimension Y

0.2
? ZA-Learning and growth performance
0.20 (2.14,0.21)
0.15
0.10 Z3-Financial
performance
0.05 (192, -0.02)
0.00 - rits
1 190 21 220 225 230
0.05
0.10 Z1-Customer
: performance .
(2.15, 0.08) 72-Internal business

process performance
(227,-0.11)

Fig.7 IRM of criteria under dimension Z
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had the least impact. In Dimension Z’s analysis, learning
and growth performance had the greatest impact, while
the internal business processes had the least impact. We
adopted IRM and DANP in order to understand the cau-
sality and weights between each dimension and criterion.
Our empirical results show that the key to the success of
an information system project depends project risk man-
agement. When manpower, time, and budget are limited,
project managers need to be able to adjust resources at any
time to enhance project resource integration.

This study has two major limitations. First of all, we
can only verify the situation at the specific point in time,
so we can only prove the current situation at a specific
point in time and consider that point in a status study
or a status survey. We recommend that future follow-up
researchers extend the data collection period through lon-
gitudinal studies. Secondly, the evaluation criteria of this
study came from historical documents. Through in-depth
interviews, we can find out other possible criteria that can
be used as an extension of follow-up research. Further-
more, this research mainly focuses on information system
project experts and discusses the relationship between the
information system project and the organizational perfor-
mance of the IT department. Therefore, in the future, dif-
ferences between of information system projects and non-
information system projects can be explored. In follow-up
studies, researchers may expand the scope of research sam-
pling so that the research results can be applied to projects
in other areas.
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