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Abstract—This paper aims to propose a methodology for
evaluating information system success. It is based on two main
fields, which are formal concept analysis and multi criteria
decision-making methods. A framework whose main objective is
to visualize the synchronization between company processes and
information system indicators via process mapping and formal
concept analysis exploited the methodology. Moreover, owing to
the application of multi criteria decision-making methods, we can
rank the information system among the others system for the
purpose to ameliorate system performance. In practice, we apply
the steps of this framework on a Moroccan bank by choosing a
combination of processes and indicators.
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I.  INTRODUCTION

Information system (IS) [1] is an organized system
developed to collect, process and distribute information within
company. In [2], authors given two views on IS that involves
software, hardware, data, people and procedures. Others
authors [3] provide different system view that adds company
process. The literature is rich with models and methods, which
aim to evaluate information system success. IS research is
interdisciplinary related with the study of the impact of IS on
the behavior of the company and its process [4]. For this
purpose, in this work, we choose to evaluate the IS of a
company in relation with the business process.

In this paper, we seek to present a framework to evaluate IS
regardless the company sector. The proposed framework
involves three main steps: data collection; to collect the data of
company processes and 1S indicators, visualization and
calculation to visualize the concept lattice of a combination of
process and indicators, then, the application of the two most
used multi criteria decision-making (MCDM) methods namely
AHP and Topsis. In the final step, results about the information
system evaluation are given and possible recommendations to
increase the information system success.

The structure of this paper is as follows: section 2 presents
a state of art of information system measurement, formal
concept analysis (FCA), process mapping and multi criteria
decision-making (MCDM) methods. Section 3, presents the
main steps of the proposed framework: data collection,
visualization and calculation and finally results and
recommendations. In section 4, we apply the proposed
approach on a real case study of a Moroccan bank. Then, the
concluding remarks and perspectives are presented in
conclusion.

Il. LITERATURE REVIEW

A. 1S Success Models

The literature provides many definitions of IS success as
evaluation methods. Thereby, the results of the researchers are
diverse and sometimes even contradictory. Authors [5] specify
that the most appropriate evaluation indicator is the system use,
according to them the measure of the IS success through cost
or benefit studies is insufficient whereas, Bailey and Pearson
[6], express the importance of the users satisfaction which is
guarantor of an increase of the productivity of the IS. Other
authors [7] explain that the IS effectiveness is related to
anything that can bring value to the organization. As for
Goodhue and Thompson [8], they share the same vision of
DeLone and McLean [9] and define the success of the IS
through the individual and organizational impacts.

Regarding the evaluation of IS success, the literature is
very rich, we will quote the most known and used models over
the years. These models of DeLone and McLean (1992, 2003)
are part of the evaluation process and evaluation model of 1S
that is inspired by the measurement of the Balanced Score
Card.

Through this presentation of the state of the art on the
evaluation of the IS success, in the rest of this paper, we will
use the DelLone and McLean model [10] which is the result of
several authors' validation [11].

B. Formal Concept Analysis

Formal conceptual analysis (FCA)[12] is a method of data
analysis describing the relationship between a set of objects
and a set of attributes. It produces two types of output from the
input data. The first is a concept lattice that represents a set of
formal concepts in the data that is hierarchically ordered by a
sub-concept-super concept relation. The second output of FCA
is a collection of so-called attributes implications that describe
a very particular dependency.

1) Concept lattice: is a mathematical formalism [13]
derived from a formal context K = (G, M, 1). The formal
context K consists of G, a set of objects, of M, a set of
attributes and | a binary relation defined on the Cartesian G x
M product. In a binary table representing | € G x M, the rows
correspond to objects and columns to attributes (Table ).

The lattice resulting from the AFC process is composed of
formal concepts ordered by a partial order relation. A concept
is a pair (A, B) where A € G and B © M, A is the maximal set
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of objects sharing the set of attributes of set B (and vice versa).
In a concept (A, B), A is called the extension and B the
intension of the concept. The concepts in a lattice of concepts
are defined with respect to a Galois connection that relies on
two derivation operations:

A'={m eM | gIm for all g €A}
B'={g €G | gIm for all m €B}
A concept (A, B) verifies that A'=B and B' = A:

Ais the set of all the attributes of B owned by the objects
of A and B is the set of all objects with the attributes of B.

C. Process Mapping

The process approach [14] consists in identifying and
managing the processes used in an organization as well as their
interactions. It presupposes the representation of the dynamic
architecture of what is done in the organism (representation of
all the processes, their sequences and their interactions).

The process is a set of correlated or interactive activities
that transforms input elements in output elements.

The processes can be classified as follows [15]:

e Realization process, which allows to realize the
products / services in order to satisfy the customers;

e Management process, which presents the strategies of a
company  (priorities,  objectives, methods of
communication and methods of treatment and control;

e Support processes, which offer the means and the
resources necessary to carry out all the processes.

As soon as processes are identified, the process mapping
must be carried out, which is an indispensable tool for
measuring progress. Process mapping [16] provides a global
view of how the organization works and visualizes its
processes and interactions. Process mapping makes it possible
to communicate identically to a large number of actors
involved in a complex activity and to give meaning to the tasks
to be more performed (Fig. 1).

D. MCDM Methods

The multi-criteria decision making process is an iterative
and non-linear process that generally consists of its stages [17]:

e The reformulation of the decision problem;

e The modeling of local preferences at each point of
view;

e The aggregation of preferences to establish one or more
systems;

e Exploitation of this aggregation;

e The recommendations.
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TABLE I. EXAMPLE OF BINARY TABLE
| Y1 Y, Ys Y,
X1 1 1 1 1
Xz 0 0 1 1
X3 0 0 1 1
Xy 0 1 1 0
Xs 1 1 0 1

[ Management Process ]

| Output |

Realization Process

iy

[ Support Process ]

Customer Requirement
Customer Satisfaction

Fig. 1. Global Process Mapping.

Among the MCDM methods, we will use the two most
used methods namely AHP and TOPSIS.

1) Ahp method: The AHP method developed in 1980[18]
has been used successfully in several fields. It starts from
matrices of binary comparisons to arrive after several stages to
compare the choice of the decision problem. The method
consists of representing a problem by a hierarchy structure
according to the following steps:

e Construct the matrix U; of order m if the compared
entities are criteria, or of order n if the compared
entities are alternatives;

e Construct the comparison matrices whose values are
obtained by transforming the judgments into numerical
values according to the Saaty scale (Scale of Binary
Comparisons), respecting the principle of reciprocity;

n
UijW; = ApaxWipour i =1--n
j=1
n
S
i=1
e Checking this consistency.

2) Topsis method: The fundamental idea of this method,
which was developed in 1981[19], is to choose a solution that
comes closest to the ideal solution (better on all criteria) and
to move as far as possible from the worst solution (which
degrades all the criteria).
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The steps of the TOPSIS method are as follows:
e Normalize performance:

el = g;(a;)
v/ (gj(ai)z)
Where: i=1...m and j=1...n
e Calculate the product of normalized performance:

[R—
ij = T ox e

Where: i=1...m and j=1...n

e Determine the positive and the negative ideal solutions:

n

a* = {maxl-eij,i =1-metj= 1---n};

a* = {ej*,j =1 n} ={e;], e; ...e.};
ej = max{ej]

n

a” = {minielj,i =1--metj= 1---n};
a* = {ej_,j = 1~-n} ={er, e5 ..ex};
ej = minfe]]

e Calculate the separation measures:

D} = ’ ;-lzl(ei’]’- — e]-*)z Vii=1--m;
D; = / ;-lzl(ei’]’- — e]-_)z Vii=1--m;

e Calculate the relative closeness coefficient to the ideal
solution:

*

Cq=Dﬂfv1=1mmaOSC¢SL

e Rank the alternatives.

I11. PROPOSED FRAMEWORK

This paper provides a framework to evaluate 1S success
based on two main fields, which are formal concept analysis
and multi criteria decision-making methods. The aim of this
work is to give a generic tool, which can be applied in different
sectors with the possibility to choose the enterprise processes,
and system success indicators, which will be the subject of the
study. The framework architecture involves three essential
parts: data collection, visualization and calculation and finally
results and recommendations (Fig. 2).

A. Data Collection

It represents the basic step that allows the user to enter the
data of the study (company processes and indicators of the
information system success) after authentication by login and
password. To model the processes of the company, we chose to
use the mapping process. This technique consists of identifying
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as finely as possible all the processes of the company based on
its information system and related to the process of the
company to present them graphically.

Regarding the identification of the information system
success indicators, we used the DeLone and McLean model
(2003), which is a reference in the field of information system
evaluation. The six model indicators will constitute the key
performance indicators of the study and will also serve in the
construction of the analytical hierarchy in the next step.

B. Visualization and Calculation

This step is purely technical for the visualization and
calculation. It consists of a first sub-part based on concept
analysis more specifically concept lattices. The visualization of
the binary tables lead to construct concept lattices that give
pertinent information based on the studied process and
indicators. We can apply this step to each combination of
process and indicators that will be store in database for analysis
and recommendations.

The second sub-part concerns the application of two
famous MCDM methods namely Ahp and Topsis to evaluate
the information system performance and even to rank the
studied system with others; for the purpose of testing and
verifying the proposed framework on others sector. For this
reason, we have developed a prototype of software that
implements the two methods. It is developed in Java language
under Net Beans platform; we will present two principals
interfaces (Fig. 3 and 4).

SwrcamDatle g

Collect Data

] g
2
a
Business Process IS Indicators A
Construct Binary
Tabile MCDM methods
T Implementation =
Generate l l -
Coneepts Lattice AHP method ‘ Topsis method z
Achicve Final |
Resulis

h v

Recommendsiso

sults and Recommendations

R

Fig. 2. Proposed Framework Architecture.

421 |Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

) Proposed Framework AHP Method Stepl | E=EEE )
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Fig. 3. Implementation of AHP Method.
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Fig. 4. Implementation of TOPSIS Method.

C. Results and Recommendations

The database stores data that has two main uses. The first is
the use of all concept lattice generated of formal concept
analysis to evaluate synchronization between different
company processes to detect inconsistencies. As for the
second, it concerns the results of the application of the MCDM
methods, which allow on the one hand evaluating the
information system success and the possibility of ranking the
studied system with respect to other systems based on the
chosen evaluation indicators. This framework can produce
recommendations that can help both to better synchronize
company processes and evaluate the performance of
information systems based on the study of possible
combinations between processes and information system
success indicators.

IV. CASE STUDY

In this work, we present a case study of an information
system belonging to a Moroccan bank. We chose to implement
our framework on a company in the banking sector since it is
known as the most costumer sector of data processing and
specifically information systems. Furthermore, the banking
example appears as an analytical framework adapted to a study
of process mapping. The bank operates through a set of
correlated or interacting activities that use inputs to produce a
result; these activities are grouped together as a process. In this
paper, we apply formal concept analysis to evaluate some
processes according to IS success indicators. The same
approach can be done iteratively on all the processes of the
bank. Subsequently, the MCDM methods will be applied to
evaluate the IS success through the chosen indicators. As part
of this work, we will just give an example of a process.
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A. Implementation

1) Data Collection: The first step in our framework is
data collection to identify the processes and indicators or
evaluation criteria that will be the focus of the study.

It has already been mentioned that our approach can be
applied to any combination of processes and indicators that
allow the evaluation of these processes, in this case study we
have chosen a list of processes (Table 1) as well as a set of
criteria (Table I11) derived mainly from the DelLone and
McLean model.

TABLE II. LIST OF INDICATORS OF STUDY
Symbol | Indicator Signification
Refers to the ability of the system to
store, deliver and most importantly
Iy Information Quality produce relevant information in terms of:
accuracy, completeness,
understandability and utility;
Has multiple dimensions: Access, ease of
I, System Quality learning, flexibility, reliability and
response time;
It is measured according to the nature of
the domain; it can refer to the amount of
ls System Use use, the frequency of use, the range of use
and even the nature of use;
o The ability to perform the promised
ls Reliability service dependably and accurately;
It mainly measures the productivity and
. the innovation of the tasks, the customers
ls Individual Impact satisfaction and the control of
management;
Designates future intentions to use the
. system that is related with the use of the
lo Intention to Use system and directly affects the net
benefits;
The knowledge and courtesy of
17 Assurance employees and their ability to convey
trust and confidence;
It influences the advantages provided by
- - an information system and indicates
ls User Satisfaction whether a user is satisfied or not after
using a system;
o It includes three sub-dimensions that are:
lg %gzr;{zanonal strategic benefits, information benefits
P and transactional benefits.
TABLE Ill.  LIST OF PROCESSES OF STUDY
Symbol Process
Py Manage dynamic data within bank
P, Ensure the exchange of information
Ps Achieve the organizational needs
P, Adapt and Integrate applications
Ps Analyze technological risks
Ps Ensure system security
P; Provide user guides for new systems
Ps Manage human resources
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2) Data Collection: After the data collection, we proceed
to the technical step; the first sub-part is based on concepts
analysis, more precisely concept lattices.

We consider the set of processes {P1, Py, P3, P4, Ps, P, P;
andPg} that can improve the set of indicators {l4, 15, I3, I4, Is, lg,
I7, IgandPg}. The formal context noted C is represented in the
form of a table (in rows processes and in columns the
indicators). If the process Xi ameliorates the indicator Yi then
the cell Cij is marked by 1 (in the otherwise 0) as shown in
Table IV.

The corresponding formal context <X, Y, I> contains the
following formal concepts:

Co = <{P1, P2, P3, P4, P5, P6, P7, P8}, {I,}>; C, = <{P1,
P2, P3, P4}, {l,, 1,}>C, = {{P2, P3, P4}, {ly, l4 1:}>,C5 =
<{P5, P6, P7, P8}, {l,, Is}>; C4 = <{P5, P6, P8}, {ly, I3,
I6}>;Cs = <{P3, P4, P6, P7, P8}, {ly, I5}>;Cs = <{P3, P4}, {l,
|5|4, |7}>,C7 = <{P4}, {Ilr |5,|4, |7, |9}>1C8 = <{P6, P7, P8}, {Il,
Is, 153>;Co = <{P6, P8}, {Iy, I5, I3, 16}>;C10 = {P7}, {l1, Is, I3,
Is}>;Cy = <{P1, P2, P3, P5, P6}, {l4, I,}>;C1, = <{P1, P2, P3},
{I, 12, 13>:Cu5 = <{P2, P3}, {Iy, I, 4, 1;}>;Cy4 = <{P5,P6},
{11, 12, 13, 1732:C15 = <{P3, P63}, {ly, Iz, 1s}>:C16 = <{P3}, {l1, I,
Is, 14, 1:3>:C17 = <{P6}, {I1, Iz, Is, I3, 16}7;C1s = <{}, {l1, 12, I3,
|4, |51|6v |7, Ig, |9}>

The corresponding concept lattice B<X, Y, I>is displayed as
in the following figure:

The second subpart concerns the application of two MCDM
methods chosen for this study. We will start with the first
method namely the AHP (Analytical Hierarchy Process), and
then we apply the TOPSIS (Technique for Order Preference by
Similarity to an Ideal Solution).

a) Ahp method Implementation: The weights of the
indicators (information quality, system quality, system use,
reliability, individual impacts, intention to use, assurance, user
satisfaction and organizational impacts) are estimated using
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Fig. 5. Concept Lattice of Case Study.

An aggregated pairwise comparison matrix (Table V) was
constructed, thereafter; the other steps of the AHP method
were calculated using our prototype. The result of this first
method is the identification of the weight of each indicator in
the evaluation of the studied system.

The priority weights of indicators are as follows:

;= 0,249; 1,=0,230;1,= 0,134;1,=0,104;15=0,079; ls=
0,084;1,=0,048;l5= 0,039 andlg= 0,030.

b) Topsis method Implementation: In this work, we use
the MCDM method named TOPSIS, which uses the weights
calculated, by the previous method. The main purpose of this
sub-part is to rank the system among others in terms of IS
success in order to detect the sources of errors.

We will refer to the previous work [20] that focused on the
evaluation of the banking information system in which five
banks were compared. The bank of this study is referenced Bg
to differentiate it with the others; the values of the relative
closeness to ideal solution are shown in Table VI.

TABLE V. AGGREGATED PAIRWISE COMPARISON MATRIX

AHP method. The data of this study are collected by an online Iy I, Is s Is Io I Is lo
questionnaire via the Google docs. Iy 1 5 3 5 3 3 5 3 3
I 02 |1 5 7 3 5 7 7 3
TABLE IV. REPRESENTATION OF THE FORMAL CONTEXT C s 033 | 02 1 3 5 1 5 3 5
I L I L I I L I I Iy 02 |014 [033 |1 3 7 1 3 3
Is 033 (033 (02 [033 |1 3 3 3 3
Py 1 1 0 0 0 0 1 0 0 ls 033 |02 |1 014 [ 033 |1 5 3 5
Iy 02 |014 |02 |1 033 |02 |1 3 3
P |1 1 0 0 0 0 1 1 0 Is 033 | 014 | 033 | 033 | 033 | 033 | 033 |1 3
N R R L 0 0 0 1 R 0 Iy 033 [ 033 |02 |03 033 |02 |03 ]033 |1
P, 1 0 1 0 0 0 1 1 1 TABLE VI.  BANKS RANKING
Alternatives | D;’ D/ CG; Rank
Ps |1 1 0 1 0 1o 1o |0 B, 0,216 0,085 0,282 6
P, 1 1 1 1 0 1 0 0 0 B, 0,196 0,116 0,372 4
B, 0,203 0,164 0,446 2
P, 1 0 1 1 1 0 0 0 0 Bs 0,209 0,094 0,310 5
B, 0,166 0,204 0,551 1
Pg 1 0 1 1 0 1 0 0 0 Bs 0,187 0,130 0,409 3
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According to the value of CCi, the alternative with the
lowest closeness coefficient is the bank of the case study with
CCi=0,282.

3) Results and discussions: This last part concerns the
display of evaluation results as well as the discussions.
Visualization of the concept lattice gives a hierarchical
representation allowing knowing the relation between the
processes of the company and the evaluation indicators of the
system. The figure above (Fig. 5) represents the concept
lattice of case study; it consists of nodes and segments and
contains all the objects and properties of the context, each
node corresponds to a formal concept.

The figure can be analyzed as follows: Each process
labeled by a set of indicators implies that the descendant
objects of this process inherit the same indicators. Even more,
in the figure, the intention of the formal concept corresponds to
the empty set and the extension corresponds to the set of all the
processes.

By analyzing more closely the lattice, we note that three set
contained only one process. These are the P4, Ps and P,
processes that represent: adapt and Integrate applications,
ensure system security and provide user guides for new
systems. Which implies that the bank has problems in the
performance of these processes, which is explained by the
concept lattice obtained, and view the domain of the company
the first critical problem that it has to handle is the security of
the information system.

Regarding the application of MCDM methods and more
specifically the AHP method, the bank that represents the case
study is more interested in the indicators related to the quality
(information quality, system quality, service quality) forgetting
the importance of net benefits (individual and organizational),
use of the system and user satisfaction.

The weight of the indicators influence directly the ranking
of the bank obtained by the Topsis method, we note that the
bank of our case study is ranked the last among the others
banks belonging to the previous works. This ranking can be
explained by several reasons: the concentration on indicators
possibly related to the different types of quality (information,
system and service), the mismanagement of the resources of
the company, the lack of experience and skills for the system
use in summarizing what has been said before, the bank must
address the problems related to the system security
management processes, establish user guides to ensure the
proper control of the system and therefore the satisfaction of
users and facilitate the steps process of adaptation and
integration of new applications.

V. CONCLUSION

The purpose of this article is to propose a framework to
evaluate the information system success based on the
synchronization between the processes of the company. This
work focuses on two main areas: the first is the formal concept
analysis in order to identify the level of synchronization
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between the processes and the evaluation indicators that can
impact these processes. The second is the MCDM methods,
which aim to classify the studied system among the others
based on the chosen evaluation indicators. In this paper, we
have proposed a framework implementing the set of techniques
and methods that were used to end up with an approach to
evaluate the IS success that has been applied as a case study
which can be generalized on any company. In our future work,
we will work on other sectors to know if the change of the
sector impacts on the relation between processes and
evaluation indicators and therefore on the evaluation.

REFERENCES

[1] G Piccoli and F Pigni, Information systems for managers: with cases,
40th ed.: Prospect Press, 2018.

[2] M SSilver, M L Markus, and C M Beath, "The Information Technology
Interactive Model: A Foundation for the MBA Core Course,” MIS
Quarterly, pp. 361-390, 1995.

[3] JZheng, Informatio system: A system perspective, 2015.

[4] R D Galliers;, M L Markus, and S Newell, Exploring Information
Systems Research Approaches. New York, 2006.

[5] H C Lucas, "Unsuccessful Implementation: the Case of a Computer-
based Order Entry System," Decision Sciences, vol. 9, no. 1, pp. 68-79,
1978.

[6] EJBailey and S W Pearson, "Development of a Tool for Measuring and
Analyzing Computer User Satisfaction," Management Science, vol. 29,
no. 5, pp. 530-545, 1983.

[7] A W Gatian, "Is User Satisfaction a Valid Measure of System
Effectiveness?," Information & Management, vol. 26, no. 3, pp. 119-
131, 1994,

[8] D L Goodhule and R L Thompson, "Task-Technology Fit and Individual
Performance,” MIS Quarterly, vol. 19, no. 2, pp. 213-236, 1995.

[91 W H DeLone and E R Mclean, "Information Systems Success: The
Quest for the Dependent Variable," Information Systems Research, vol.
3, no. 1, pp. 60-95, 1992.

[10] W H DeLone and E R Mclean, "The DeLone and McLean Model of
Information Systems Success: a Ten-Year Update,” Journal of
Management Information Systems, vol. 19, no. 4, pp. 9-30, 2003.

[11] P B Seddon, "A Specification and Extension of the DeLone and McLean
Model of IS Success," Information Systems Research, vol. 8, no. 3, pp.
240-254.

[12] R BELOHLAVEK, "Introduction to Formal Concept Analysis,"
Department of Computer Science, Faculty of Science Palacky
University, 2008.

[13] B Ganter and R Wille, "Formal Concept Analysis,” Mathematical
Foundations, 1999.

[14] International Organization for Standardization, "The process approach in
1SO 9001:2015," 2015.

[15] B L Goldense, "The Five Types of Manufacturing Processes,” Machine
Design Journal, vol. 87, no. 9, p. 88, 2015.

[16] The University of Sheffield (TUOS), "Process Mapping Guidance and
Standards," 2018.

[17] A Ishizaka and P Nemery, Multi-Criteria Decision Analysis, Methods
and Software: Wiley and Sons Ltd.: Chichester, UK, 2013.

[18] T L Saaty, The analytic hierarchy process: New York: McGraw-Hill ,
1980.

[19] C Hwang and K Yoon, "Multiple Attribute Decision Making: Methods
and applications, a state of the art survey," Springer-Verlag, 1981.

[20] A Daghouri, K Mansouri, and M Qbadou, "Assessing Information
System Performance in Banks Based on Multi-Criteria Decision Making
Techniques ," International Journal of Engineering & Technology , vol.
7,no. 4.32, pp. 101-104, 2018.

424 |Page

www.ijacsa.thesai.org



