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Abstract—The emergence of the information and 

communication technology (ICT) in academia environment has 

contributed to the development of the e-learning systems. They 

have received a considerable attention in education and 

provided significant advantages such as convenience, flexibility 

and global learning community.  While e-learning systems are 

growing significantly, there is a pressure on educational 

institutions and organizations to ensure the quality of e-learning 

systems. ISO 9126 is the most recognized and applied quality 

standard to specify and evaluate attributes of the software 

product. In this paper, ISO 9126 is extended with the specific 

characteristics of the e-learning software product. This 

extension is done by defining the quality characteristics of the 

e-learning system and integrating them in the ISO 9126 model. 

Results of this study will serve as a basis for the evaluation of an 

existing system. 

 

Index Terms—E-learning, ISO 9126, software quality model, 

quality characteristics, online education, high education. 

 

I. INTRODUCTION 

The e-learning is becoming essential for many real-world 

tasks. It is defined as: “A learning method that uses ICTs to 

support teaching and learning process ubiquitously and 

facilitate the acquisition and use of knowledge” [1]. The 

exponential growth of Information and Communication 

Technology (ICT) has changed the education systems and 

contributed to the improvement of the learning process. The 

e-learning has reached a wider target audience of learners  [2] 

who are 1) geographically dispersed with limited time and/or 

resources to travel; 2)  busy with work or family 

commitments; 3) located in conflict and post-conflict areas 

and restricted in their mobility; 4) facing difficulties with 

real-time communication (e.g. foreign language learners). 

Several learning methods have been described in literature 

to deliver new learning experiences [1]. They include 

traditional learning, e-learning, blended learning, mobile 

learning, and personalized learning based on learners’ needs 

and using simulation and games. It has been revealed that the 

e-learning has a positive effect on students’ performance and 

teachers’ productivity [3], [4] and more learners are adopting 

the online learning and are more comfortable with this 

learning concept.  A study conducted in 2008 by the U.S 

Department of Education, shows that during the 2006-2007 

academic year, about 66% of postsecondary public and 

private schools were participating in student financial aid 

programs related to distance learning courses. 77% of 

enrollment for-credit courses were dedicated to the online 
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component [5].   

In addition, several countries have encouraged the 

development of e-learning systems and made more pressure 

on educational institutions for more flexible and efficient 

learning. As stated in [2], the e-learning is “good” if it 

provides the right people with the right skills at a reasonable 

cost in a timely manner. Many organizations are applying 

different approaches and models to evaluate their learning 

process. Yet, there has been considerable criticism of the 

quality of the systems currently being used and a lack of an 

effective e-learning evaluation quality model [6]-[10]. 

In 2004, the European survey has been conducted to 

analyze the quality in e-learning in general, the 

use/implementation of quality instruments in e-learning, and 

the experience with quality instruments and approaches. The 

study has shown that quality plays a key role in the success of 

e-learning, the quality development must become a core 

process for educational organizations and the open quality 

standards must be widely implemented [11]. 

Attention in this paper is given to quality aspect of the 

e-learning systems and the objective of this paper is to 

investigate the main factors contributing to the design of the 

quality model of the e-learning systems. The quality model 

ISO 9126 is proposed as a framework for evaluating the 

e-learning systems. The model is customized in accordance 

with specific attributes of these systems. The customization is 

done by extracting the quality characteristics of the web and 

e-learning systems and adding them to the model. 

The paper is structured as follows: Section II describes the 

ISO 9126 quality standard and its strengths and weaknesses. 

A first extension of the ISO 9126n model with quality 

characteristics of the software product is proposed. Section 

III describes the characteristics of the web and e-learning 

systems. Section IV presents our quality approach including a 

second extension of the quality model with e-learning quality 

characteristics. Finally, the last section concludes the 

research study. 

 

II. WHY ISO 9126 HAS BEEN CHOSEN TO EVALUATE THE 

E-LEARNING SYSTEMS 

A. A Brief History on Quality Models 

The quality model is a mean to specify and evaluate the 

quality specifications of software. In 1977, Jim McCall [12] 

presented the first quality model toward the system 

developers and the system development process.  McCall 

attempts to establish a link between users and developers by 

defining a number of software quality factors that reflect both 

the users’ views and the developers’ priorities. 

The second quality model has been presented by Barry W. 

Boehm [13]. Boehm’s model attempts to qualitatively define 
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software quality by a given set of attributes and metrics. 

Boehm's model presents a hierarchical quality model 

structured around high-level characteristics, intermediate 

level characteristics, and primitive characteristics. 

The more recent quality model has been presented by R. 

Geoff Dromey [14] and is based on the relationship between 

quality attributes and sub-attributes, as well as the connexion 

between the product properties and the software quality 

attributes. 

B. Definition of ISO 9126 

The standard ISO/IEC 9126 [15] developed by ISO/IEC 

JTC1 SC7 (Subcommittee SC7 - Software and Systems 

Engineering of International Organization for 

Standardization) is divided into four parts: 

1) ISO/IEC 9126-1: Information technology - Software 

quality characteristics and metrics - Part 1: Quality 

model. This part provides the recommended quality 

model containing important quality characteristics for the 

final product. Quality sub characteristics and attributes 

refine the quality model and can be internal or external 

quality attributes.  

2) ISO/IEC 9126-2: Information technology - Software 

quality characteristics and metrics - Part 2: External 

metrics (Fig. 1). This part provides external quality 

metrics for measuring software quality characteristics 

applicable to an executable software product during 

testing or operating at a later stage of development and 

after entering the operation process. 

3) ISO/IEC 9126-3: Information technology - Software 

quality characteristics and metrics - Part 3: Internal 

metrics (Fig. 1). This part provides internal quality 

metrics for measuring software quality characteristics 

applicable to a non-executable software product during 

designing and coding at an early stage of the development 

process. 

4) ISO/IEC 9126-4: Information technology - Software 

quality characteristics and metrics - Part 4: Quality in 

use metrics (Fig. 2). This part provides quality in use 

metrics for measuring software quality characteristics 

applicable to an executable software product after 

entering the operation process. 
 

 
Fig. 1. ISO/IEC 9126 quality model - external and internal quality [16]. 

 

The ISO 9126 quality model was proposed as an 

international standard for software quality measurement in 

1992. It is a derivation of the McCall model [13]. It is the 

most common used quality standard model. There are several 

others though, such as IEEE 1061. It has three levels of 

quality characteristics, sub- characteristics, and attributes. 

ISO 9126 defines 21 attributes that a quality software product 

must exhibit (Fig. 1). The 21 attributes are arranged in six 

areas: functionality, reliability, usability, efficiency, 

maintainability and portability. Finally, ISO 9126 identifies 

three models of software product quality (internal quality, 

external quality and quality in use). Table I presents the main 

advantages and limitations of the ISO 9126 quality model. 
 

 
Fig. 2. ISO/IEC 9126 quality model - quality in use [17]. 

 
TABLE I: ISO/IEC 9126 MODEL ADVANTAGES AND LIMITATIONS 

ISO/IEC 9126 quality model 

 
ISO/IEC 9126 is a model of quality characteristics of the software used 

to: discuss, plan and evaluate the quality of software products. It 

includes measures to measure the degree of each quality attribute of the 
product that can be achieved. 

Major advantages: 

 Unify and quantify different views of quality 
requirements;  

 Having a single universal model makes it easier to compare one 

product with another. 
 The characteristics defined are applicable to any 

kind of software while providing consistent 

terminology for software product quality. 
 ISO 9126 covers all crucial characteristics such as hierarchical 

structure; criteria for evaluation; comprehensive expression and 
terms; simple and accurate definitions; and one to many 

relationships between various layers of model [18].  

 ISO 9126 supports strategic decision-making activities, avoiding 
costly mistakes [18]. 

 

Major limitations of ISO 9126: 

 One of the most important limitations of the ISO 9126 model is its 

generality; 

 The model does not describe the business manager needs which are 
represented in the Return on Investment and Sustainability quality 

factors 

 The traceability of the software and the consistence of the data are 
not represented in the model 

 The model does not include measurements methods 

 

Usable in the following steps: 

 Definition and specification of the quality requirements of the 

software product;  
 Evaluation of the software specification vis-à-vis the quality 

requirement;  

  Description of traits and attributes of software implemented;  
 Evaluation of software developed before delivery; 

Evaluation of software developed before acceptance. 

 

From the listed limitations, it is possible to add new quality 

characteristics to the ISO 9126 quality model of Fig. 1 for the 

software product. Fig. 3 shows the extension of the ISO 9126 

model describing the common characteristics that contribute 

in the satisfaction of the user’s needs that can be: 

 The end user: for whom the usability is the most 

important quality characteristic; 

 The software developer for whom the reliability and 

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=DY_tY-LHxq3FhM&tbnid=0DtOVk8ZIUjxPM:&ved=0CAUQjRw&url=http://qoe.lt/140/iso-9126-standard/&ei=IyTZU8iaNoORyATLj4HQAw&bvm=bv.71778758,d.aWw&psig=AFQjCNGQGyDOsrhmBN8SkzrOvEo3Qt-psQ&ust=1406825580191331
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functionality are the most representative quality 

characteristics of the software; 

 The business manager: for whom the Return on 

Investment and the sustainability are the main quality 

factors. 
 

 
Fig. 3. Extended ISO/IEC 9126 quality model. 

 

The proposed quality characteristics for the software 

product are included at the three levels of the quality model: 

1) Characteristics added in the first level 

1) Traceability: It is used for tracing the operations of the 

software [19] 

2) Consistency (Data): is the data of the software consistent? 

[20] 

3) Return on Investment: the indicator of return on 

investment is of the considerable concern for the business 

manager [21] 

4) Sustainability: It refers to the extent to which the software 

is sustainable for the business managers [22].  

2) Characteristics added in the second level 

1) Navigability [19]: This characteristic refers to the ease of 

users’ quick and efficient access to the content 

2) Help under the Usability characteristic as suggested by 

Chua et al. [23] 

3) Characteristics added in the third level 

1) Cognitive workload under the sub quality characteristic 

Operability [24] 

2) Simplicity, use of color, Legibility under the sub 

characteristic Attractiveness as suggested by Chua [23]. 

In addition, ISO 9126 has been compared with other 

quality models (MaCall, FURP and Dromey) [18]. The main 

strength of this model is that it can be used across many 

systems including the academic domain i.e. e-learning 

systems. ISO 9126 has been used to evaluate the e-learning 

systems for teachers and educational administrators [23], to 

select generic external systems quality characteristics and sub 

characteristics for user evaluation of course management 

system (CMS) (Course management systems [25]), to 

evaluate Computer-Based Systems [26], to analyze 

technological, managerial and economic factors in e-learning 

systems [27] and has been customized to identify acceptance 

criteria to evaluate a B2B application [4]. 

It can be concluded that the ISO 9126 is suitable to be used 

in the evaluation of e-learning because it is widely used in the 

software engineering community and has been adapted to 

different domains and contexts [28] and is easy to use and 

understand by its users. The next section presents the quality 

approach based on the customization of the ISO quality 

model to the e-learning systems. 

 

III. OUR QUALITY APPROACH 

Educational organizations need a good quality of the 

e–Learning applications to achieve the success in the 

exponential growing of these systems. The proposed quality 

approach is organized in two steps: a) define the 

characteristics of the e-learning systems; and b) add these 

characteristics to the quality model of Fig. 3. 

A. Define the Characteristics of the e-Learning Systems  

The generality of the ISO 9126 means that a further 

analysis and mapping of characteristics is required before it 

can be fully adapted to e-learning. From the definitions of the 

term e-learning [29], [1]: “Learning facilitated by internet 

and www technologies, delivered via end-user computing 

that creates connectivity between people and information and 

creates opportunities for social learning approaches” and 

[30], [1] “The acquisition and use of knowledge which is 

distributed and facilitated primarily by electronic means. 

Such electronic means may include internet, intranet, 

extranet, CD-ROM, video tape, DVD, TV, and personal 

organizers”, it is clear that the quality of the e-learning 

systems is closely dependent of:  

1) The quality of the web technologies; 

2) The quality of the learning content and the used 

pedagogical and cognitive approaches; and  

3) The Return on Investment and Sustainability of the 

e-learning software (business quality characteristics)  

They will be detailed in turn in the next subsections. 

B. The Quality of the Web Technologies 

Behkamal and al summarized in their research study the 

quality characteristics of the web applications (Table II) and 

identified four quality characteristics of the B2B applications 

[19]: Traceability, Availability, Navigability and 

Customizability. 

From the B2B quality characteristics [19] and literature 

[21], [31], the characteristics of the e-learning systems have 

been identified as follows:  

 Traceability [19]: It is used for tracing the e-learning 
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operations such as learning content creation, content 

transfer and content delivery. 

 Availability [19]: It refers to the extent to which the 

learning content is available for learners whenever the 

system is required. Availability is of great importance in 

e-learning applications. 

 Navigability [19]: This characteristic refers to the ease 

of users’ quick and efficient access to the content 

 Accessibility [21], [31]: The e-learning system is able to 

provide the access for the remote locations. 
 

TABLE II: MOST COMMON QUALITY CHARACTERISTICS OF THE WEB 

APPLICATIONS [19] 

Quality  Factor         Rank 

Efficiency                    1 

Security                       2 

Usability                      3 

Traceability                 4 

Availability                 5 

Scalability                   6 

Functionality               7 

Customizability           8 

Recoverability             9 

Consistency (Data)    10 

 

C. The Quality of the Learning Content and the Used 

Pedagogical and Cognitive Approaches  

The quality of an e-learning course is enhanced by [2]: 

 The learner-centered content: It refers to the e-learning 

software capability in accordance with the learners’ 

needs, roles and responsibilities. The e-learning 

software should provide the skills, knowledge and 

information for its learners. 

 The granularity: It refers to the segmentation of the 

learning content to facilitate assimilation of new 

knowledge and to allow flexible scheduling of time for 

learning. 

 The engaging content: It is refers to the extent to which 

the e-learning software is motivating the learning 

experience. Instructional methods and techniques 

should be used to develop an engaging content [32]. 

 The interactivity: It refers to the e-learning software 

capability for sustaining attention of learner. Frequent 

learner interaction should be used to promote learning. 

 The personalization: It refers to the extent to which the 

e-learning software is customized to reflect learners’ 

interests and needs; 

 Consistency (Data): is the data of the e-learning content 

consistent? 

 Communication and cooperative learning [32], [33] : 

The ability of the e-learning to provide communication, 

exchange, collaboration and the development not-only 

of ICT basic skills, but a full range of social and 

communication skills;  

 Quick distribution of learning contents [31]: It refers to 

the extent to which the e-learning software provides a 

more open approach to contents and the quick 

distribution of learning contents.  

D. The Business Quality Characteristics 

Return on Investment: The indicator of return on 

investment is of great importance for organizations providing 

e-learning systems; it could be measured through [21]: 

 Reactions at the end of the course,  

 Change of learning attitudes,  

 Knowledge and skill improvement,  

 Change of behavior,  

 Results of changes in key business.  

Sustainability [22]: It refers to the extent to which the 

e-learning software is sustainable for the business managers.  

Table III lists the most quality characteristics of the 

e-learning systems.  
 

 
TABLE III: MOST COMMON QUALITY CHARACTERISTICS OF THE E-LEARNING SYSTEMS 

Quality characteristics of the web 
technologies 

Quality of the learning content, pedagogical and cognitive 
approaches 

Business quality characteristics 

1. Traceability [19] 

2. Availability [19] 

3. Navigability [19]  

4. Accessibility [21], [31] 

1. The learner-centered content [2]  

2. The granularity [2] 

3. The engaging content [32] 

4. The interactivity [2] 

5.  The personalization [2] 

6. Consistency (Data)  [2] 

7. Communication and cooperative learning [32], [33];  

8. Quick distribution of learning contents  [31] 

1. Return on Investment[21]  

2. Sustainability [22] 

 

Once the quality characteristics of the e-learning systems 

have been identified, they will be integrated into the quality 

model of Fig. 3 in the next section. 

E. Add the Identified Characteristics to the Quality Model 

of Fig. 3 

Fig. 4 shows the integration of these characteristics at the 

second level of the model.  

Reliability characteristic: Availability 

Functionality characteristic: 

1) Accessibility 

2) The learner-centered content 

3) The granularity 

4) The engaging content 

5) The interactivity 

6) The personalization 
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7) Communication and cooperative learning  

Efficiency characteristic: Quick distribution of learning 

contents 

 

 
Fig. 4. Extended ISO/IEC 9126 quality model with e-learning quality 

characteristics. 

 

IV. CONCLUSION 

This work has proposed a model for software product 

evaluation in e-learning based on the ISO 9126 standard. The 

immediate contribution of this work is related to the 

identification of novel quality characteristics for e-learning 

systems. The future research in this field includes the 

validation and evaluation of the proposed model in a realistic 

case of an educational organization or university; and the 

development of an ISO 9126 based evaluation tool for the 

e-learning systems.  
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