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Abstract—In this article, our purpose is to introduce the
results of a new approach to assess the information system
success. It is based on the DeLone and McLean model and was
applied on two domains. The chosen domains are banking sector
being the most customer of information technology and
construction industry as the least computer-intensive sector. The
work methodology used to evaluate the information system
performance is a combined approach of the two most popular
multi-criteria decision making techniques: AHP and TOPSIS.
Based on the results of this technique applied on studied sectors,
we can obtain a horizontal comparison at the sector level and
optimize the choice of the best system.
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. INTRODUCTION

The emergence of computing and communication
technology commonly known as information technology and
the relatively cheap of hardware, the managers of organizations
invest massively on information system (1S).

IS [1] is a set of data, hardware, software to treat data and
procedure to help personnel establish the several objectives of
organization.

The literature is rich with different models to assess
information system [2] that offer the possibility to highlight the
importance of evaluation in this field.

Concurrence, economic evolution and technological
progress impose organizations to invest heavily on information
system regardless their domain.

In this work, we will take two paradoxes sectors on terms
of information system use. Banking sector being the most
customer of IS, which has a primordial role at the internal and
external environment. The role of banking information system
is more complex considering the nature of products and
services that offer also the requirements of these customers.

In contrary, construction industry sector who do not
generally appear to appreciate the positive influence and
changes that an IS provide. In general, construction sector
cannot headily be compared to the banking sector in regards to
adoption of information systems. Some major reasons for such
situation are [3]: the nature of construction industry, the
traditionalism of construction and low level of investments into
research and development within this sector.

This paper present the results of a new technique developed
to assess information system success being tested on two
sectors. The proposed technique has adopted the D&M success
model (2003) [4] and used two famous multi criteria decision
making approaches; AHP and TOPSIS [5], [6] to evaluate the
IS success. As a contribution of this work, this article present a
benchmark study of the two studies sectors on information
system success based on the same work methodology and
comparing the results.

Il.  INFORMATION SYSTEM SUCCESS MODELS

In the last two decades, many models have been cited to
evaluate the IS and to explain the dimensions that makes 1S
successful [4], [7]-[12]. The majority of these models have
been validated empirically by researchers in several domains.

A. The DeLone and McLean Model

The evaluation of IS success is among the most delicate
areas, because of the complexity and the multidimensional
aspect of IS. Among the first attempt at solving this problem
that of D&M in 1992 [8]. However, this first model has
undergone several criticisms which pushed the authors to
update their model [4].

The original (Fig. 1) and updated (Fig. 2) DeLone and
McLean IS success models are the most cited and used models
in the field of IS evaluation [13].

Based on empirical studies, suggestions and tests, DelL.one
and McLean have updated the first model. That is way this
updated model is the most adopted and cited version in the
literature review in the field on IS assessment.

System Quality N =
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Impact Impact
Information Usar
Quality Satsfaction

Fig. 1. Original DeLone and McLean IS success model.
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Fig. 2. Updated DeLone and McLean IS success model.

For the reasons mentioned before, in this work, our
research methodology is based on the updated IS success
model which is composed by six interrelated dimensions as
shown in the figure at the top.

I. MCDM

Multiple criteria decision-making (MCDM), is a part of
operations research [15], its objective is to facilitate decision
facing problems involving multiple criteria. The complexity of
such as problem is the lack of a single solution, that way it is
necessary to use maker’s preferences to obtain the best solution
from a collection of alternatives under a number of criteria and
even sub-criteria [16].

Several MCDM methods such as: [14], [17]: AHP, ANP,
Electre, GP, MAUT, MAVT, TOPSIS, WSM... are employed
for different applications and domains due to the particularity
of each one.

A. Analytical Hierarchy Process (AHP)

AHP is an analytical technique based on a hierarchy
process [18], [19]. The principal is to decompose a problem
into hierarchies of goals, criteria (sub-criteria) and alternatives

(Fig. 3).

AHP is classified as one of the the most cited approach. It
has the possibility to treat both tangibles and non-tangibles
criteria.

Groal
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Alternative 1

Alternative 2 Alternativem

Fig. 3. Analytical hierarchy process tree.

In mathematical way, the basic AHP equations are as
follow [19]:

Stage 1: Decomposes the initial problem into hierarchical
presentation (goal, criteria and alternatives)

Stage 2: Develop the pairwise comparison: a;;=1 when i=j
and aﬁ=1/ai]-
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Stage 3: Construct normalized decision matrix
Cij:aij/Z;‘lzl aij 1)
i=1,2,3.nandj=1,2,3...n
Stage 4: Construct the weighted normalized decision matrix

wi=Yl ¢ [N, i=1,2,3..n ®)
Wy

w= |2 &)
Wn

Stage 5: Calculate Eigenvector and Row matrix
E=N‘t"rootvalue/3; N *rootvalue 4)
Rowmatrix=37_, a;; * ej; (5)
Stage 6: Calculate the maximum Eigenvalue, A,
Amax=RoOwmatrix/E (6)

Stage 7: Calculate the consistency index and consistency
ratio

CI= Anax-n) / (n-1) ()
CR=CI/RI (8)
B. Technique for Order Preference by Similarity to Ideal

Solution (TOPSIS)

The TOPSIS method was developed in 1981 [20], the basic
concept is to choose the best alternative (Fig. 4) depending on
closest and most distance respectively to positive ideal solution
and negative ideal solution.

Definition of Construct Comstruct Construct Weightzd
criteriz lar.d Tierizion Masic Normalized Normalizad _De:isim
altarnatives Derizion Matrix Mztrix

Calculzte ralative
clossnzzs

Disterming positive znd
nagtive idzz] solution

Altsrnatives Banking |5

Fig. 4. TOPSIS methodology.

The TOPSIS has the following stages [20]:
Stage 1: Construct the decision matrix:

Amn:{aij/ie(l,z,...,m)andje(1,2 ..... n) } (9)

Stage 2: Construct normalized decision matrix:

ri=xl /zjzlej Jj=1,2 3. Jandi=1,2 3..n (10)

Stage 3: Construct the weighted normalized decision
matrix:
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Vij:Wi*Ti]',jZI, 2, 3...Jand i:], 2, 3...n (11)

Stage 4: Determine the positive ideal (PIS) and negative
ideal solution (NIS)

A= {v],v;, ..., v;} maximum values (12)
Where v;= {max (v;;) if jeJ; min(vij) ifje]”}
A ={v{, v, ..., v, } minimum values (13)

Where v=={min (v;;) if jeJ; max(v”) ifj €]}

Stage 5: Calculate the separation measures of each
alternative from PIS and NIS

di_:\/zm,jzl, 2,3..3 (15)

Stage 6: Calculate the relative closeness coefficient to the
ideal solution:

i=1,2,3...J (16)

Stage 7: Rank the preference order.

IV. WORK METHODOLOGY

A. Purpose of Study

This study provide a comparison between IS success in two
sectors and presents the results of a framework based on the
MCDM approaches for ranking these information systems. Our
work methodology was applied on two sectors: banking sector
[21] and construction industry sector [22]. Firstly, D&M model
(2003) was adopted to construct the analytical hierarchy
process; the six dimensions are considered as main criteria and
sub-criteria were taken from literature. Using AHP method the
weights of criteria (sub-criteria) are obtained. Then, TOPSIS
method was applied to rank information systems. For the
purpose of testing and verifying the proposed framework on
each sector, we were done an online questionnaire to collect
data.

B. Studied Sectors
As mentioned, this study compare the results of a

framework applied on two sectors, in the following sections we
will explain the particularities of each sector.

1) Banking Sector: Banks are the first companies that
have invested heavily in the technologies of information and
communication. The banking sector is one of the sectors most
risk-sensitive [23] with this multitude of risk types, the IS is
considered both as a risk factor and a tool for identifying,
evaluating and monitoring risks.

Banking IS is generally subject to stricter rules [24]: The
availability of the IS even after malfunctions, the security of
data especially the confidentiality of customer information,
archiving and data traceability to facilitate internal control and
audit and finally the integrity of data.
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A last particularity of the banking IS is the opening to the
outside and that it is to be functional 24 hours a day, banks
offer today sales and purchase transactions, consultation or
even transaction from Internet.

2) Construction Industry Sector: The construction
industry sector use information systems [25] to enhance
organizational flexibility, improve decision making capability,
reduce project completion time and cost and to present an
ideal schedule for the factory construction work. In general
way, it used to achieve project mission objectives within
specified constraints that construction industry knows.
Despite, the construction industry is one of the sector that
doesn’t use heavily IS [26].

The following figure presents the basic idea of the study
(Fig. 5):

[ & ]

P—— |

J— ‘ | FpT— |

S |

Fig. 5. General work research.

C. Research Methodology

The evaluation procedure consists of six main steps as
summarized in the following figure (Fig. 6):

Identification of
Evaluation Criteria

Establish the goal *
Identification of
Evaluation Sub-Criteria

v

< Construction of
structural hierarchy

A 4

Implem entation of AHP
Method

W

Implem entation of
TOPSIS Method

v

Final F.anking R esults

A

Identify Alternatives

SelectEvaluation Critema |
(sub-Cntena) -

Fig. 6. Steps of evaluation procedure.

Step 1. ldentify the evaluation criteria using the
information system success model (DeLone & McLean 2003);

Step 2: Identify sub-criteria;

Step 3: Construct the structural hierarchy; establish goal
which is in our case the evaluation of IS success, identify the
alternatives which are the methods that change the preliminary
condition into preferred condition and select the main criteria
(sub-criteria);
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Step 4: Calculate the weights of each criterion using AHP;
Step 5: Apply the TOPSIS method,;
Step 6: Achieve the final ranking results.

The description of each step will be given in the following
sections.

V. RESULTS AND DISCUSSIONS

A. Implementation of AHP Method

The AHP hierarchy for decision making in this paper as
shown in Table I is constitute of six main criteria which are the
several dimensions of the updated model (D&M 2003) and
sub-criteria were inspired from literature.

This study utilized a questionnaire survey to collect data
from the different decision makers. According to the steps
defined in Section HI-A, (Fig. 7) display the pairwise
comparison matrix using (1) and (Fig. 8) shows the normalized
decision matrix which is calculated using (2). In this part, we
choose to only present results of banking sector.

1 5 7 5 7 3]
02 1 5 3 3 3
014 02 1 7 3 3
=102 033 014 1 3 5
014 033 033 033 1 3
033 033 033 02 033 1
Fig. 7. Aggregated pairwise comparison matrix.
[0.49 0.69 050 030 040 0.16]
0.09 0.13 036 018 0.7 0.16
o _|069 002 007 042 017 016
0.09 0.04 001 006 017 0.27
0.06 0.04 002 001 005 0.16
016 0.04 002 001 001 0.05

Fig. 8. Normalized decision matrix.

Then the priority weights are calculated using (2):
w,=2.32/6=0.42 w,=1.04/6=0.11
w;=1.36/6=0.18 w,=1.02/6=0.06
ws=0.65/6=0.15 w,=0.38/6=0.05

The same calculation steps were followed to determine the
weights of the sub-criteria. We chose not to present them so as
not to load our article by several tables. These results were
used for the TOPSIS method.
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TABLE I. HIERARCHICAL PRESENTATION OF CRITERIA

Criteria Sub-Criteria

Auvailability(C,,),EmployeesOccupancy(C,,),
Longest Delay(C,3),Answer Speed (C,,),
Abandons(C;s), Blockage(C,), Average
hour of operation(C,,), Self-service and
availability (C;g)

System Quality (C,)

Grammar and spelling(email) (C,,), Data
accuracy(C,,),Secure(C,3),Complete(C,,),
Relevant and correct(C,s) and Data
Understandability(C,¢)

Information Quality (C,)

On Time delivery(C;,),Knowledge and
competency(Csy,), Error Network(Cs3),
Auvailability(Cs,), Access(Css), Rate
Delay(C5¢) and Reliability (C57)

Service Quality (C3)

Frequency of use(C,,), Amount of use(C,,),
Number of reports generated(C,3), Technical
support(C,,), Managerial support(C,s) and
Financial transactions use (Cy6)

Use (C,)

Handle Time(Cs,), Average Number of
employees connected(Cs,), Training
Investment(Cs3), Employee Turnover(Cs,)
and Average Satisfaction(Css)

User Satisfaction (Cs)

Return on Investment(Cy,),
Productivity(Cgs3), Profit(Ce3), Market
Share(Cq,), Growth in customer base(Cys)
and Increased Sale (Cge)

Net Benefits (Cy)

To calculated,;, ., we used (4), (5), and (6): A4, =6.09

(Cl) and (CR) are calculated through (7) and (8),
respectively (for RI=1.24, according to table below (Table II)):

CI=0.018 and CR=0.014
CR=0.014<0.10, it is accepted.

TABLE II. RANDOM INDEX (RI) [18]
N 1 2 3 4 5 6 7 8 9
RI 0 0 058 [ 090 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45

B. Implementation of TOPSIS Method

The second MCDM methods we used in this work is
TOPSIS. AHP weighted scores are used by TOPSIS for each
sector’s alternative to obtained performance ranks of systems.

The five banking companies are referenced: B; B, ,B5,B,,
Bs and the companies operating in the construction industry
sector are referenced as:C,, C, ,C5, C4,Cs.

The different steps of the TOPSIS method were followed
applying equations. In the final step, using (16), the relative
closeness to ideal solution is calculated and the companies
were ranked as shown in Tables Il and IV.

TABLE Ill.  RANKING OF BANKING COMPANIES
Alternatives d; d; CC; Result-Ranks
B, 0,196 0,116 0,372 4
B, 0,203 0,164 0,446 2
B, 0,209 0,094 0,310 5
B, 0,166 0,204 0,551 1
Bs 0,187 0,130 0,409 3
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TABLE IV.  RANKING OF COMPANIES ON CONSTRUCTION INDUSTRY
Alternatives d; d; CC; Result-Ranks
[ 0,461 0,221 0,323 4
C, 0,593 0,145 0,196 5
C; 0,172 0,580 0,771 1
Cy 0,381 0,283 0,425 3
Ce 0,356 0,316 0,470 2

According to the value ofCC;, the alternative having highest
closeness coefficient in bank is alternative 4 with CC; =0,551
and in construction industry is alternative 3 withCC; =0,771.
These alternatives are selected as the two best companies
among studied alternatives in terms of information system
performance.

C. Elaboration of a Prototype

This work is based on a proposed framework to evaluate
the IS success, to implement it we propose a prototype that
consists of three interconnected parts (Fig. 9)

e The different actors which in our case are the decision
makers to specify the weights of each criterion (sub-
criterion) to evaluate the IS.

e The user interface that allows adding details of criterion
to assess the studied system.

e Functional part that simulates the different steps of the
two used approaches AHP and TOPSIS.

e Data Base to store the various data that will be used in
the next steps of evaluation.

©
Actor 1\
5
Functional part
> Data Base

Fig. 9. Prototype architecture.

1) User Interface: After authentification throught a login
and a password, the decision marker goes on to enter the data
of the evaluation.

2) Functional part: The role of this part is to rank the
different alternatives using AHP and TOPSIS methods
according to the criteria chosen from the DeLone and McLean
model (2003).The two used MCDM in this work requires a
very important number of calculations specially when the
number of criteria, sub-criteria and alternatives increases; for
this reason, we present a prototype of software that implement
our methodology process, it is developed in java language
under Netbeans platform. The main interfaces will be
presented in the following paragraphs.

The first step after authentication, the analyst fills the
pairwise comparison matrices which represent several criteria.
(Fig. 10 and 11) shows interfaces that lead the analyst to input
the values of matrices respecting Saaty’s pairwise comparison
scale of AHP method. (Fig. 12) provides the weights of main
and sub criteria using AHP equations.
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The second step of the proposed prototype aims to
implement the TOPSIS method, the first interface of this phase,
lead the user to input the values of pairwise comparison of
matrices which contain criteria and sub-criteria. (Fig. 13 and
14) shows the application of (10) (11) (12) (13) (14) and (15)
based on the data of alternatives input in by the user to make
calculations.

Finally, we display the results of alternatives ranking based
on the calculations of the distance between positive and
negative ideal solutions. Fig. 15 shows the list of the
alternatives selected by the maker decision which can be
printed.

|4 Proposed Framework-AHP Methad-Stepl

ise Cox P ¢
System Quality Informalion Qyality Sendce Quality Infention lo UsefUse User Satisfaction Hets Benefits.

System Quaity f 5w 75 v 70w

0
0.20 1 s 2 20
Service Gualty 18 020 1 7 i 2

Intention to Usese 020 032 014 1 D)

G

Information Quaiity

A

User Safisfacion s 032 032 033

Hetenefts 03 03 033 020 033

[ Rese | Calculate | Resuns | Cantinue

Fig. 10. Pairwise comparison matrix (main criteria).
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Longest Delay 0 014 1 a

Answer Speed 017 020 0

Abansans e 033 0.14 0.20 7 =
o

Blockage 0 e
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Fig. 11. Pairwise comparison matrix (sub-criteria).
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Fig. 12. Weights of main criteria.

Proposed Framesor TOPSIS Method

Imput Values of the IDecision IWEataoisx
sub-crtera

cmana caz
System quamy_v] c13 jm] 25
c14 |w] 20

cis =]

G5 =]

| Prevous | | meser

Fig. 13. First step of TOPSIS method.
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|| Proposad Framework-TOPSIS Method

File Edit

The Weighted Normalized decision matrix (1)

Aftenatives | C11 c12 c13 Cc14
Aftenative1 0083 0034 0082 003 0033
AftenativeZ 0029 0011 0011 0.006 0037 0196 0093 0071 0034 0029
Aftenative3 0207 0117 0007 0073 0016 0002 0174 0093 0067 0034 0029
Aenatived 0148 0023 0037 0054 0049 0026 0196 0093 0063 0038 0023
Aftenative5 0148 0047 0055 0048 0041 0025 0185 0093 0071 0029 0025

ciE Ccn Cz2 C23 CM Cx C%
0025 0185 0093 006 0041 0025 0022

cx €3 |C33 |CM Ch |Cx

0122 0087 0063 0054 0038 0045
0122 0082 0106 0063 0034 0036
6 0105 0087 0042 0063 0034 0018
014 0087 0074 0063 0033 0045
0022 0131 0082 0053 0067 0034 0027

Soldi . | C11 Ci2 |C13 Ci4 C15 (CI6 |C21 C2 c3 |Ce4 C C% (C3 €32 |C33 €34 |C35 C36
0207 0117 0111 0073 0066 0037 019 0093 0071 0041 0020 0026 014 0092 0106 0067 0038 0045
A 0020 0011 0007 0006 0016 0002 0174 0093 006 0029 0023 0017 0105 0087 0042 0054 0034 0018

| Previous | Continue |

Fig. 14. Weighted normalized decision matrix (positive and negative

solutions).
|£| Proposed Framework-Result of Rank = | B ||
File Edit
Ranking of the Alternatives
Alternatives | Di | ddi | Cci | ResultRank |
Alternative1  0.461577 0,22104864. 0,32382134_ 4
Alternative?  0.593449 0.145507 0.196909 5
Alternative3  0.172246 0.580208 0.771088 1
Alternatived  0.381926 0.283236 0.425815 3
Alternative5  0.356891 0.316583 0.470074 2
AHP Step Print

Fig. 15. Ranking of alternatives.

3) Data Base: to store data’s evaluation. We chose to
work with SQL Lite because the recorded information is not
large. We used a SQLite database given the reduced size of
the data.

D. Discussions

In the context of the application of MCDM methods, main
criteria are chosen from The D&M model and sub-criteria from
the literature to applied our research methodology. From the
results, it can be observed that alternatives B, and Cj
consistently perform better than the rest. It should be noted that
the weights of criteria differ between banking sector and
construction industry sector.

Banks characterized by the nature of their operations and
services that explain the high value of weights of system
quality and information quality (Fig. 12) At the opposite of
construction industry sector who rarely uses an information
system which is clear by the weight of criteria that are very
close. (Fig. 16) shows the separation measures of each
alternative (5 alternatives of each sector) from positive ideal
solution, it’s clear that values of bank’s alternatives are close
this can be explained by the large use of IS within banks. In
Construction industry, we observe a big difference between the
values there are companies that use the IS and others that do
not use it, in this sector the IS is not used in an equitable way.
The same remark can be done concerning the separation
measures of each alternative from negative ideal solution
(Fig. 17).

LA
v \ —e—Banks
. \\ P

o2 A Y ——

—B—Construction
industry

o1

Aletrnatives
Alternative 1 Afternative 2 Alternative 3 Alternative 4 Alternative 5

Fig. 16. Separation measures from positive ideal solution.

o5 /'\
o5
/ \ —a—Banks
o4
——Construction
03 Industry
0.2 == an

|

Alternative 1 Alternative 2 Alternative 3 Aklternative 4 Alternative 5

Alternatives

Fig. 17. Separation measures from negative ideal solution.

The relative CC; of each alternative confirm the previous
remarks (Fig. 18), bank’s alternatives have close values due to
the high use of information system within banks. Construction
industry companies are very distant in terms of closeness
coefficient values; we have company C; that use heavily IS and
the others who use the IS partially.

We conclude that the proposed methodology and the
hierarchical presentation of criteria can be used for IS
evaluation no matter which sector is studied. The method
evaluate IS independently of input values of the two used
MCDM.

0,9Cc
0,8
/ ’\\
0.6
/ \A_ —+—Banks
0,5
—@— Construction
0.4
: Industry
o2 \/
0,2 ol
01
° .
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternatives

Fig. 18. Closness coefficient.

VI. CONCLUSION

Determining the success of information system and
evaluating them is crucial for the sector’s development. In this
study, we were presented an application of our work
methodology based on a hybrid MCDM process (AHP and
TOPSIS methods). This methodology is tested on two sectors;
banking and construction industry.

Five companies are chosen from each sector to select the
most performing IS. Furthermore, a prototype of software
implementing the work methodology is proposed. AHP method
is used to determine the weights of main criteria and sub-
criteria and TOPSIS method is utilized for ranking alternatives.
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The software leads to select the best alternative among the
others and simplify the calculations steps. When evaluating the
ranking results, alternative B, with CC;=0,551 and alternative
C; with CC;=0,771 are the best alternative respectively in
construction industry sector and banking sector.

The proposed method enables decisions analysts to better
evaluate their information system and provides more effective,
complete and systematic decision support tool.

Our future work will treat more companies in both sectors
to have a base of references, which will allow us to know the
criteria to optimize according to sector’s nature.
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