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Abstract. Today many production systems plan to use Enterprise Resource
Planning (ERP) software to gain competitive advantage. ERP promises in im-
proving efficiency of business processes. However, inappropriate software se-
lection results in a very complex managerial problem which is implementation
of ERP software. To reduce the relevant risk, ERP software purchasers need to
determine conformance of the software to their requirements. This study aims
to define the requirement levels of external quality characteristics and provide a
guide to production systems to evaluate ERP software in a systematic manner.
In the frame of this reference, a way of evaluating external quality of ERP soft-
ware is put forward to reduce the risk taken before purchasing it.
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1 Introduction

Change in the market conditions increase competition among production systems
since 1970s [1]. Shorter product lifetimes, high quality requirements, demanding cus-
tomers and availability of diverse alternatives are significant factors that affect current
market conditions. These competitive market conditions caused production systems to
seek solutions to survive [2].

By using Information Technologies (IT), companies aim to get competitive advan-
tage. In the beginning, organizations tried to utilize applications of Material Require-
ment Planning (MRP), Manufacturing Resources Planning (MRP II), Distribution
Resources Planning (DRP), Capacity Requirements Planning (CRP) and Computer
Integrated Manufacturing (CIM). The main objective is to use their resources more
effectively and increase competition strength [3].

At the end of the 1980s organizations seek solutions to integrate these types of in-
formation systems to manage their flexible systems, supply customized product de-
mand, control product complexity and plan resources more effectively by the use of
IT [4]. Integration is considered as a key factor for getting advantage and Enterprise
Resource Planning (ERP) begin to be used in organizations in early 1990s [3, 5, 6].

As stated by Davenport [7] ERP systems promise to restructure business processes
of organizations, because they intend to solve problems caused by the lack of coordi-
nation between applications and business processes [8]. Moreover, those enterprise
systems integrate all of the information that flow organization wide [9].
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Today, ERP software and ERP software implementation market became nearly 50
billion EURO (€) [8]. Day after day, ERP software market grows and many organiza-
tions want to benefit from this software. On the other hand, after spending a lot of
time and money some organizations state that they are unable to utilize its benefits
that they intend to get by implementing ERP software [7, 9]. As stated by Hong and
Kim [10], at least the three quarters of ERP projects are judged to be a failure.

Managers emphasize that ERP implementation projects are the most difficult sys-
tem development projects [11]). Especially, ERP applications change procedures and
processes of organizations into a software system. Due to complexity, time and work-
force requirements, after implementation it nearly becomes impossible to rollback [8].

Due to the risks, before purchasing ERP software, it is necessary to determine if
the ERP software bears on the ability to satisfy stated or implied needs of its custom-
ers by the use of Software Quality (SQ) models [12]. As stated in ISO 25000 [13]
there is no general software classification system and the importance of quality char-
acteristics for each type of software depends on the type of software. Requirement
levels of software quality characteristics needs to be determined to evaluate particular
type of software product, by the use of the Software Quality models. As an example,
for web applications studies on determining software quality are performed by Calero
and Olsina [15, 16]. Likewise, such a study is necessary for ERP software.

In this study, we determine requirement levels of software quality characteristics
according to users’ view of quality for ERP software. This set of quality characteris-
tics and their requirement levels can be used as a checklist to evaluate if ERP software
bears on the ability to satisfy stated or implied needs by ERP software purchasers. By
the use of this checklist, it is possible to reduce the risk related to ERP software.

The remainder of this paper is organized as follows. Section 2 gives an overview of
the associated literature on external software quality characteristics. Transactional
backbone of ERP systems is reviewed in Section 3. In Section 4, a checklist including
requirement levels of ERP software according to the user view is given and some
formulas are introduced for the purpose of evaluating particular ERP software. In the
last section of the paper, summary and conclusion are presented.

2 External Software Quality and Its Characteristics

The term quality is defined by Crosby [14] as “conformance of requirements”.
Feigenbaum [17] puts forward another definition of quality as total composite charac-
teristics of a product or service to meet the expectations of customer while Juran [18]
states the phrase “fitness for use”. Although the quality definitions give guidance on
definition of software quality, software quality can be described from five different
perspectives [19]. These perspectives are transcendental view, user view, manufactur-
ing view, product view and value based view. When these perspectives are evaluated
a general definition for software quality can be described as follows: a total composite
of characteristics of software product which bears on the ability to meet the stated or
implied needs [13].

The definition of Software Quality shows that characteristics and requirements are
the most important factors. Characteristics contribute to fulfilment of requirements
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and software quality arises from characteristics which are appropriate to the require-
ments [20]. The relationship between these factors and software quality is given in
Figure 1.
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Fig. 1. Relationship between characteristics, requirements and software product [18]

One of the earliest studies that tried to provide a framework for Software Quality
and its characteristics was proposed by McCall et.al. [21]. Another study is put for-
ward to constitute a set of factors that affect Software Quality by Boehm et.al. [22].
Bowen et.al. [23] are proposed with a larger number of characteristics after few years.
As seen below, these early studies try to constitute software quality model by provid-
ing a set of characteristics.

McCall et. al, Boshm et. al, Bowen et al,
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Fig. 2. Early software quality models

There are a lot of subsequent attempts to provide a software quality model [24-28].
Although, these sets of quality models including early models seem to cover the same
identical characteristics, the definitions of these characteristics are different. ISO
25000 [12] software quality model is developed to establish international agreement
and it is developed further with four parts by ISO [13, 29-31]. The international stan-
dard covers six quality characteristics which are shown in Figure 3 [13].
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Fig. 3. ISO 25000 Software Quality Model [13]

Although international standard consolidated many different views of quality for
software, there are still some other views that are not included into ISO 25000 and
some of them cover more characteristics. In his model, Dromey [32] puts forward one
more software quality characteristic, reusability. The other most significant attempt
for constituting a set of characteristics is put forward by Software Engineering
Committee [33]. Their model includes two more characteristics. These additional
characteristics and sub-characteristics are given in Figure 4.
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Fig. 4. Additional software quality characteristics [47, 48]

As it is can be understood from these, there are some objection against interna-
tional standard. However, debate on this issue is settled; since, there is no additional
study after this standard. Therefore, we used software quality model of the standard.

As it is obviously seen in the definitions of quality, meeting the requirements of
users is stressed. Likewise, Software Quality is also highly related to conforming to
the requirements of end-users [34]. Moreover, proposed study aims to provide a guide
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to ERP purchasers (i.e. end-users) to evaluate software products before implementing
them. Therefore, External Software Quality Characteristics need to be explained.

As it is stated in the standard the relationship between software quality and its
characteristics depends on the type of the user. The end-users are concerned with
functionality, reliability, usability and efficiency characteristics [29]. These character-
istics are called as External Software Quality Characteristics.

Definitions of these characteristics and sub-characteristics are clearly identified in the
standard [29]. Since the study is based on external metrics, descriptions on characteris-
tics are given in Table 1 and descriptions on sub-characteristics are given in Table 2.

Table 1. Descriptions of External Software Quality Characteristics [29]

Characteristics Description

Functionality The capability of the software to provide functions which meet
stated and implied needs when the software is used under
specified conditions.

Reliability The capability of the software to maintain the level of per-
formance of the system when used under specified conditions.

Usability The capability of the software to be understood, learned, used
and liked by the user, when used under specified conditions.

Efficiency The capability of the software to provide the required per-

formance relative to the amount of resources used, under
stated conditions.

Table 2. Descriptions of External Software Quality Sub-Characteristics [29]

Characteristics | Sub-Characteristics Description

Functionality Suitability Attribute of software that bears on the
presence and appropriateness of a set of
functions for specified tasks.

Accuracy Attributes of software that bear on the
provision of right or agreed results or
effects.

Interoperability Attributes of software that bear on its
ability to interact with specified systems.

Compliance Attributes of software that make the

software adhere to application-related
standards or conventions or regulations
in laws and similar prescriptions.
Security Attributes of software that bears on its
ability to prevent unauthorized access,
whether accidental or deliberate, to pro-
grams and data.
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Table 2. (continued)

Reliability Maturity Attributes of software that bear on the
frequency of failure by faults in the
software.

Fault Tolerance Attributes of software that bear on its

ability to maintain a specified level of
performance in cases of software faults
or of infringement of its specified inter-
face.

Recoverability Attributes of software that bear on the
capability to re-establish its level of
performance and recover the data di-
rectly affected in case of a failure and on
the time and effort needed for it.
Usability Understandability Attributes of software that bear on the
users' effort for recognizing the logical
concept and its applicability.

Learnability Attributes of software that bear on the
users' effort for learning its application.
Operability Attributes of software that bear on the
users' effort for operation and operation
control.
Efficiency Time Behaviour Attributes of software that bear on re-

sponse and processing times and on
throughput rates in performing its func-
tion.

Resource Behaviour | Attributes of software that bear on the
amount of resources used and the dura-
tion of such use in performing its func-
tion.

3 Enterprise Resource Planning Systems

In this section of the study literature review on ERP systems is given; since, it is
aimed to weight (i.e. determine the requirement level) each of the External Software
Quality Characteristics and Sub-Characteristics to evaluate ERP. ERP systems usually
cover a technical infrastructure, transactional backbone and advanced applications
[35]. ERP systems can roughly be described as software that integrates distributed
applications of finance, human resources, production, sales, purchase, supply and
distribution [36].

Stated or implied expectations of production systems to utilize ERP systems can be
found by elaborating on the chronological development processes of these systems.
By this approach user expectations can be better understood.

It dates back to 1960s that the manufacturing systems first discovered Material Re-
quirement Planning (MRP) [36]. MRP was the most effective tool for improving op-
erations by calculating material requirements and requirement periods at that time
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[37]. In the beginning of 1980s change in the market conditions caused manufacturing
firms to seek innovative techniques. By adding new procedures to MRP, Manufactur-
ing Resources Planning (MRP II) developed. MRP 1II try to integrate MRP and some
other functional operation areas like marketing and finance [38]. Moreover; MRP II
does not only cover MRP but also plans capacity [39].

After MRP 1II, Distribution Requirement Planning (DRP) and Computer Integrated
Manufacturing (CIM) emerge. By using DRP, it becomes possible to plan and man-
age distribution channels and product deliveries [40]. CIM covers the applications of
integration of the manufacturing processes and technical functions [3]. A few years
after CIM and DRP, a new way of planning all of the resources of any organization
Enterprise Resource Planning is born [35].

Explicit reason for evolution of ERP systems is to integrate former applications
[6]. On the other hand, it must be noted that this is not the only reason that gives birth
to ERP systems. In the last century small corporations changed into modern and
global enterprises. Moreover, in the last three decades market conditions changed so
quickly that those enterprises face hard competition [2]. Shortening of life cycle of
products and rapid increase in the product diversity are the most significant factors all
of which are shown to put enterprises under a big pressure [3].

Because of these conditions, production systems try to find a systemic idea involv-
ing all aspects of resource planning. They start to seek a way to restructure their proc-
esses flexibly. Most important factors for seeking this kind of integration is to enable
production systems to deliver higher variety of products at lower cost, supply custom-
ized products, develop new production strategies focusing on individual customers
and plan all of the resources more effectively [4].

It seemed possible to use IT in an integrated way to move towards the creation of
appropriate infrastructure [41]. Under these circumstances the idea of Enterprise Re-
source Planning (ERP), which is able to plan all of the resources of organizations in
an integrated way, is born. The main point of view of developing such systems is
restructuring organizations in a process oriented way rather than function oriented [6].
Difference of process and function oriented enterprise structure is shown in Figure 5.
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Fig. 5. Structures of process oriented and function oriented enterprises (Skok and Déringer
2001)
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Today ERP systems are utilized as software applications. ERP systems can be de-
fined in three different ways: [42] A commercial software product that is sold and
purchased; (2) A management tool that held all of the data and processes of an or-
ganization; [42] A key factor that gives solutions to the infrastructure of business
processes [43]. In this study, the focus will be on an ERP system as a software prod-
uct; since, the primary goal is to evaluate quality of ERP software.

The term “‘enterprise” refers to every function of a system that supplies services
and/or products. ERP software provides one database, one application, and one user
interface for distributed functions of enterprises [44]. All properties of ERP systems
are shown in Figure 6.

These distributed functions cover production planning, purchase, inventory control,
finance, human resources and sales and marketing [45]. In the last decade, Customer
Relationship Management (CRM), Supply Chain Management and web applications
are added on ERP systems as advanced applications [35].
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Fig. 6. Fundamental properties of ERP software [49]

Shields (2001) gives a framework for an eXtended Enterprise Systems (XES) and
he defines XES as a systems that covers managerial portal, data warehouse, advanced
applications, transactional backbone of ERP and a technical infrastructure. In reality
ERP systems as software products also works on a technical infrastructure and those
technical infrastructures include hardware, network, database management system,
e-mail and gateway. On the other hand, it must be emphasized that in this study ad-
vanced applications and technical infrastructure are not going to be considered as a
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part of ERP systems’ core. In this study, we focus on transactional backbone of ERP
systems; since, there are a lot of different advanced applications [35].

Definition of Shields [35] gives a good guidance for determining core of ERP sys-
tems. Following his guidance, it can be stated that the finance, sales and distribution,
human resources and manufacturing components constitute transactional backbone of
ERP [7, 35]. Visual representation of the transactional backbone of ERP systems is
given in Figure 7.
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Fig. 7. Transactional backbone of ERP systems

It must be noted that ERP systems as a software product is not limited with the
given components. Like the other software products, ERP systems also have security,
authorization and help components and human-computer interfaces [43]. Moreover,
these components are equally important for the users of software products. Therefore,
while evaluating external quality of ERP, not only transactional backbone but also
these additional components (security, authorization and help) must be considered.

4 Determining External Quality of ERP Software

It is obvious that the idea of ERP can satisfy the requirements of production systems.
Although the idea of ERP systems is unique; ERP software products have many
common features and also have significant differences. Therefore, end-users must
consider related risk and evaluate these systems by considering conformance of par-
ticular software to their stated or implied needs.

Today, measuring External Quality Characteristics of a software product is
considered as a valuable tool in Software Quality evaluation to determine confor-
mance to the requirements of its users. In the beginning, External Software Quality
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Characteristics can help them to examine software according to each Sub-
Characteristic. In the frame of this reference, before buying any software product
purchasers can test software and evaluate it according to external metrics.

When evaluating external metrics, end-users can grade software according to Ex-
ternal Software Quality Sub-Characteristics. This grading can be a number between 0
and 100 as it is recommended in the standard. If this grade is denominated as Eij, it
can be explained as follows:

Eij: Evaluation grade assigned by end-users to a Sub-Characteristic for software
where

i: External Software Quality Characteristic (i= 1, 2, 3, 4)

j: External Software Quality Sub-Characteristic (j=1,... J)

On the other hand, while comparing different ERP software products it is hard to
determine which ERP software best satisfies their requirements; because, each Qual-
ity Characteristic and Sub-Characteristic has different weights. With this respect, the
present study tries to provide a guide by setting up a checklist of weighted Quality
Characteristics to be used by organizations and/or users that intend to purchase ERP
software. These external quality Sub-Characteristics are weighted according to re-
quirement levels when considering core of ERP software. Afterwards, these weights
and examination results of end-users can be used as a tool for determining External
Quality of any ERP software.

To determine requirement levels, first a questionnaire is set up according to the
formerly given External Software Quality Characteristics and Sub-Characteristics.
Questions are set up in such manner that each one indicates a significant Software
Quality Sub-Characteristic. Subsequently, five expert professors all of whose research
areas of interest is Information Technology, Production Systems and ERP Systems
are chosen to answer the questionnaire. While preparing questionnaire the following
rules are taken as a guide:

1. The aim of the questionnaire is presented, a brief explanation is given and formerly
defined transactional backbone of ERP software is elaborated

2. It is tried to be comprehensible while asking questions. Explanations are kept pre-
cise and brief.

3. It is tried to keep questionnaire short and attractive. It is tried not to reference to a
previous question in any questions.

4. It is tried to structure the questionnaire well and experts are expected to follow its
logical order.

5. Answers to the questions are pre-defined and each interviewee is expected to as-
sign a value from 1 to 10 for each question which refers to a particular
Sub-Characteristic. These values refer to a degree of requirement where 1 refers to
lowest degree of requirement and 10 refer to highest degree of requirement. While
assigning those values experts are expected to assign a high value to a question that
is considered of high importance.

6. It is tried to keep questions in such a manner that they do not affect judgements of
experts.

7. The experts are not allowed to impose their opinions by leading to specific answers
while performing questionnaire.
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Answers to these questions give weights of each external software quality sub-
characteristics since each question indicates requirement levels of a significant Exter-
nal Software Quality Sub-Characteristic. The results are given in Table 3.

Table 3. Weights of each External Software Quality Sub-Characteristics

Charac- Sub-
teristics | Charac-
@) teristics
Q)
1. Suit-
ability
2. Accu-

racy

3. Inter-
operabil- | 8 10 10 9 9 9,2 (0,199 |9,240 |0,281
1ty ity

4. Com-
pliance
5. Secu-
rity
1. Ma-
turity
2. Fault
2. Reli- | Toler- 8 10 9 9 7 8,6 10,344
ability | ance
3. Re-
cover- 9 10 10 6 7 8.4 (0,336
ability
1.
Under-
stand-
ability
2. Learn- 7,333 0,223
ability 7 8 8 8 7 7,6 10,345

Ex- | Ex- | Ex- | Ex- | Ex-
pert | pert | pert | pert | pert | Wij | Dij Wi Di
1 2 3 4 5

10 |10 10 |9 10 19,8 |0,212

10 |10 10 |9 10 19,8 |0,212

Func-
tional-

9 10 8 8 9 8,8 10,190

9 10 8 8 8 8,6 10,186

10 |8 7 7 8 8,0 10,320

8,333 {0,253

7 7 7 8 7 7,2 10,327

3. Us-
ability

3. Oper-
ability

1. Time
Behav- |8 8 9 8 9 8,4 10,525
iour
2. Re- 8,000 |0,243
source

Behav- 7 8 8 8 7 7,6 (0,475
iour

6 8 8 8 6 7,2 10,327

4. Effi-
ciency
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Notation for the formula below is explained subsequently:

Wij: Weight of each Sub-Characteristic

Dij: Relativistic degree of importance of each Sub-Characteristic of one Characteristic
Wi: Weight of each Characteristic

Di: Relativistic degree of importance of each Characteristic among all Characteristics

where

i: External Software Quality Characteristic (i= 1, 2, 3, 4)

j: External Software Quality Sub-Characteristic (j=1,... J)

Weight of each Sub-Characteristic [46] is the average of grades assigned by experts as
seen in the formula. Therefore, weights of each Sub-Characteristic can be calculated
by the following equation.

where

Gkij: Grade assigned by the kth expert for the jth Sub-Characteristic of the ith Char-
acteristics

k: Number of expert (k= 1,...5)

As it is seen in the table each Sub-Characteristics is related to one Characteristic
relatively more important than one another. Therefore, to compare each Sub-
Characteristics of one Characteristics relativistic degree of importance for each Sub-
Characteristic can be calculated by using below formula.

D. = W

) J
3w

j=1

where

Dij: Relativistic degree of importance of a Sub-Characteristic for the ith Characteristic
By calculating average of Sub-Characteristics related to a Characteristic, weights of
Characteristics can be found. For this purpose following equation can be utilized.

J
v,
W, =
l J
Moreover, relativistic degree of importance of each Characteristic can be calculated
by using following formula.

W,

Su
i=1

D. =

4

where
Wi: Weight of the ith Characteristic.
Di: Relativistic degree of importance of the ith Characteristic
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As an example, the relativistic degree of importance of suitability Sub-Characteristic
which is related to functionality is 21.2%. To give one more example it can be inferred
that the efficiency quality characteristic has 24.3% effect on overall external quality
when considering requirements of systems that intends to use ERP software.

This paper recommends ERP software buyers to use these weights before purchas-
ing ERP software to find best alternative which meets their stated or implied needs.
By using requirement levels, these weights help to evaluate External Software Quality
of ERP software. For this purpose following equation can be used.

ESQoERP = iinj *E;
i

where
ESQoERP: Weighted External Software Quality of a particular ERP software

The given formula can be used to evaluate different ERP software products. If this
approach is followed and alternatives are graded, selection can be made by choosing
the software which has highest grade.

As it is stated before, transactional backbone of ERP software covers different
components. Moreover, experts that contributed to this study recommended using one
another variable; since, each module has different degree of importance dependent on
the significant differences of the production systems. Especially, manufacturing and
service systems have major differences. Therefore, in this study it is proposed to as-
sign one more weight to each component for manufacturing and service systems.
With this respect, in Table 4 weights of components for those systems are proposed.

Table 4. Proposed weights of components for manufacturing systems and service systems

Components (C) Manufacturing Systems Service Systems

1. Sales and Distribution Com- 0.20 0.20
ponents

2. Manufacturing Components 0.30 0.25
3. Human Resources Compo- 015 0.20
nents

4. Finance Components 0.25 0.25
5. Additional Components 0.10 0.10

If it is desired to weight each module individually by using these weights component
based weighted ERP software product quality can be calculated by the subsequent
formula.

CbESQoERP = i C, * i iwﬁ *E,
I i

where

CbESQoERP: Component based weighted External Software Quality of particular
ERP software

Cl: Weight of 1th Component

I: Number of component (1= 1,...5)
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In some cases due to special conditions according to the requirements of systems
evaluators, different weights than proposed ones can be used. Under such circum-
stances, by following the below constraint evaluators can define their weights.

Zslc,zl
1

Finally, by using the given formulas a particular ERP software product’s overall ex-
ternal quality can be calculated. These evaluations will help the users to systemati-
cally evaluate ERP software and will give chance to benchmark different products.

5 Conclusion

In the field of IT, the most of the actions can be rolled back by its administrator or
user. Only exception is implementation of ERP software within production systems.
Purchasers of these products explore better ways to evaluate quality of these software
products before making decision on buying one of them. With this respect, it is tried
to determine the requirement levels of ERP software and weight them accordingly. By
providing equations it is tried to provide a guide to make it possible to benchmark
different ERP software products in a systematic manner. Even though proposed ap-
proach can be applied to any other software products, in this study ERP software is
chosen; since, risk related to ERP software is more than other software.

In its current form, the present study proposes a model for evaluating external
software quality of ERP software. In the near future, major ERP software can be
evaluated in a number of production systems and compare the results to figure out the
effectiveness of the model proposed. In addition to these, while using ERP software
quality in use can become an important issue. Therefore, the main limitation of the
current study is that it does not incorporate quality in use. In the near future, model
for evaluating quality in use can be developed for ERP software.
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