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Despite the widespread use of e-learning systems and the considerable investment in purchasing
or developing them in house, there is ho consensus on a standard framework for evaluating
system quality. This paper proposes the SO 9126 Quality Model as a useful tool for evaluating
such systems, particularly for teachers and educational administrators. The authors demonstrate
the validity of the model in a case study in which they apply it to acommonly available e-
learning system and show how it can be used to detect design flaws. It is proposed that the
metric would be applicable to other e-learning systems and could be used as the basisfor a
comparison to inform purchase decisions.
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Introduction

Most universities and colleges use e-learning systems to support face to face learning in the classroom or
to implement distance learning programmes. The growth of e-learning systems has increased greatly in
recent years thanks to the demand by students for more flexible learning options and economic pressures
on educational institutions, who see technology as a cost saving measure. Y et, there has been
considerable criticism of the quality of the systems currently being used. Problems include low
performance, poor usahility, and poor customisability, which make it difficult to serve the specific needs
of different learners. Furthermore, online education has often been criticised as not supporting learner
centred education but replicating traditional face to face instruction (Vrasidas 2004).

Despite the widespread use of e-learning systems and the considerable investment in purchasing or
developing them in house, there is no consensus on devising a standard framework for evaluating system
quality in thisarea. The lack of an agreed e-learning system quality model isin stark contrast to the
extensive work on software quality assurance in general (Crosby 1979; Garvin 1984; Juran 1988; Norman
& Pfleeger 2002).

This paper proposes the | SO 9126 Quality Model (I1SO 1991) as a useful tool for evaluating such systems.
The 1SO 9126 model was developed by the International Organization for Standardisation (1SO) and is
one of alarge group of internationally recognised standards applicable across a wide range of
applications. To date, | SO 9126 has not been applied extensively to the e-learning environment.
Nevertheless, the authors believe that it has potential to provide a useful evaluation tool: this belief
derives from the many years of industry experience that one of the researchers has had in software quality
assurance. Perspectives from this domain could provide insights relevant to e-learning educators. In this
paper we propose that the SO 9126 model could be used as the basis for a comparison of e-learning
systems to inform decisions regarding review of existing systems and the purchase of new ones.

First of al, the paper examines the e-learning system literature and evaluates some of the software quality
tools and frameworks that have been proposed. Secondly, we introduce the 1SO 9126 Quality Model as a
basis for evaluating e-learning tools and explain the characteristics and sub-characteristics of the model.
The main objective of our paper was to demonstrate how the model can be used to evaluate an e-learning
system. With this in mind, we chose a commonly used system, Blackboard, as a basis for our research
and adopted a case study approach. We applied the model to the system in the context of an Information
Technology subject in an undergraduate programme. In this paper, we summarise the results of the
evaluation of the system: generally, our results show the model is a good framework for assessing e-
learning systems, athough we do identify several possible refinements to the model. Finally, we analyse
the implications of using the 1SO 9126 Quality Model to evaluate and improve e-learning systems.
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E-learning system quality

Research into evaluating e-learning systems comes from two directions. the educationalists and the
software developers. Many educators have shown significant interest in the pedagogical evaluation of e-
learning systems, that is, in course design issues and how to promote good learning (Laurillard 1993;
Reeves 1992). Although these fundamental issues of course design are vital, these studies do not assist
educatorsin evaluating the quality of the system as such, and therefore do not incorporate frameworksto
support decision making regarding review of existing systems and the purchase of new ones.

Thereisaso avast body of literature relating to various technical frameworks for software developers
who wish to improve the quality of the e-learning systems they are developing. A systematic approach is
the IEEE Learning Technology Standard Committee (LTSC) reference model, IEEE P1484.1 LTSA. This
model has five layers, which focus on reusability and portability, and compares different e-learning
systems by numerical rating scales for various factors, e.g., assessment, administration, curriculum
development, etc. (O’ Droma, M. S., Ganchev, |I. & McDonnell, F. 2003). The Sharable Content Object
Reference Model (SCORM) is another widely known framework. It supports content compatibility, that
is the portability of content from one e-learning system to another and the re-usability of learning objects
by extensive cataloguing using metadata (Bohl, Schelhase, Sengler & Winand 2002). The Instructional
Management Systems (IMS) project is another approach to defining technical specificationsin order to
promote interoperability between e-learning systems (IMS Global Learning Consortium). These standards
focus on technical aspects of e-learning systems and neglect the Human Computer Interaction (HCI)
component, that is, how the user will interact with the system. More importantly, they are too complicated
for the average educator or educational administrator to understand and apply when choosing an e-
learning system. They are specially designed for technical trained system devel opers.

The few studies that have been undertaken for educators and people working in educational institutions
who need to evaluate e-learning systems are often inadequate. Thisis due to the lack of systematic tools
or approaches. For example, Roberts (2002) gains a good overview of Blackboard using surveys, focus
groups and interviews, but the results are too general and do not provide detailed analysis of features such
as usability. In another study, the Learning and Teaching Technology Group (LTTG) undertook a
comparison of Blackboard and WebCT. Their main approach was an eval uation based on the number of
times students accessed different tools in the system, e.g. discussion board, group areas and others.
Nevertheless, these quantitative counts are not meaningful without details of the subject design, for
example how the group area activities were incorporated into the learning environment. The rest of their
paper offers a miscellaneous group of features for evaluation, e.g. dataintegration, pricing, hardware or
software platforms and ease of access. However, there is no system or justification for their choice of
features and many common usability criteria are omitted. A third approach we examined was “20
Questions’, which Driscoll and Dennehy (2002) propose putting to suppliers of the system. They resolve
the adoption of an e-learning system into two factors, organisational and technical, although only a few of
their questions deal with organisational issues and the main emphasisis on the technical issues, e.g. back
end integration and the partitioning of the system. Student interaction with the system receives very little
attention in their approach. Likewise, Parisotto (2003) focuses broadly on high level issues in evaluating
e-learning systems. He considers three organisational perspectives (academic, administrative and IT
support) but fails to discuss the operational levels, that is, the system in use.

The ISO 9126 model

The International Organization for Standardisation (1SO) was founded in 1946 in order to facilitate
international trade, international coordination and unification of industrial standards by providing asingle
set of standards that would be recognised and respected (Praxiom Research Group). SO 9126 was
originally developed in 1991 to provide a framework for evaluating software quality and then refined
over a further ten year period (Abran et al. 2003). Many studies criticise 1SO 9126 for not prescribing
specific quality requirements, but instead defining a general framework for the evaluation of software
quality (Vaenti 2002). We believe that thisis in fact one of its strengths as it is more adaptable and can
be used across many systems, including e-learning systems. The origina model defined six product
characteristics (see Figure 1). These six characteristics are further subdivided into a number of sub-
characteristics (see Table 1).
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Arethe required functions availablein the
software?
How easy isto transfer to Functionality How reliableisthe
another environment? software?
Portability Reliability
SO 9126
Maintainability Usability
How easy isto modify the I Effici ency Is the software easy to
software? use?
How efficient is the software?

Figure1: (Source: 1SO 1991)

Table 1: 1SO 9126 Characteristic and sub-characteristics (Source: SO 1991; Abran 2003)

Characteristic  Sub-characteristic

Explanation

Functionality Suitability Can software perform the tasks required?
Accurateness Isthe result as expected?
Interoperability Can the system interact with another system?
Security Does the software prevent unauthorised access?
Reliability Maturity Have most of the faults in the software been eliminated over

Fault tolerance

time?
Is the software capable of handling errors?

Recoverability Can the software resume working and restore lost data after
failure?
Usahility Understandability Does the user comprehend how to use the system easily?
Learnability Can the user learn to use the system easily?
Operability Can the user use the system without much effort?
Attractiveness Does the interface ook good?
Efficiency Time Behaviour How quickly does the system respond?

Resource Utilisation

Does the system utilise resources efficiently?

Maintainability  Analysability

Can faults be easily diagnosed?

Changeability Can the software be easily modified?
Stability Can the software continue functioning if changes are made?
Testability Can the software be tested easily?

Portability Adaptability Can the software be moved to other environments?
Installability Can the software be installed easily?
Conformance Does the software comply with portability standards?
Replaceability Can the software easily replace other software?

All characteristics  Compliance

Does the software comply with laws or regulations?

These characteristics and sub-characteristics represent a detailed model for evaluating any software

system. Indeed, Abran, Khelifi, Suryn & Seffah (2003) claimed that, “Even though it is not exhaustive,
this series constitutes the most extensive software quality model developed to date.” It is aso an easy
model for the non-specialist to employ, for example, simpler than the |EEE P1484.1 LTSA mode,
SCORM or IMS. Unlike these other frameworks, SO 9126 covers a wide spectrum of system features,
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including both technical requirements and human interaction with the system. For example, 1SO 9126
includes HCI features such as attractiveness of the interface, which is overlooked by the other standards.

Methodology

The researchers used the quality characteristics and sub-characteristics to evaluate an e-learning system,
Blackboard version 6.1. From the educator’ s point of view, the first three characteristics (Functionality,
Reliability and Usability) and the first sub-characteristic of Efficiency (Time Behaviour) are easily
assessable, whereas the remaining characteristics are difficult to measure except by trained I T
professionals (Valenti et al. 2002). For this reason, our focus will be on these earlier characteristics.

The evaluation centred on the use of the Blackboard system by students and teaching staff during one
subject for one semester. The subject was being taught in afaculty of Information Technology and
students had some experience in using the system in the previous semester. The students used the system
both in a classroom environment and in their own time.

In our investigation several evaluation methods were employed. Firstly, we focused on the system in use
by observing students while we were teaching them during semester. Secondly, our own experiences as
teachers using the system were recorded. Thirdly, students and teacher contributions to discussion boards
and group spaces within the e-learning system were examined as evidence of activity. Fourthly, weran a
test of the different tools within the system based on the characteristics and sub-characteristics of the ISO
9126 model including timing, fault detection and general usability and functionality. In general, the
evaluation was qualitative although, for evaluating the subcharacteristic Time Behaviour, atime test was
conducted of the system’ s performance on two different computers, one older and one a newer, faster
machine, both operating on afast Ethernet network, which has a bandwidth of 100 Kbps. Thistime test
supplemented observation in class when up to 120 students were using the system simultaneously.

Results

The results were summarised into a matrix (adapted from Abel and Rout (1993)) relating the
characteristics and sub-characteristics to the main tools offered by the e-learning system (see Figure 2).
An asterisk in the matrix indicates that the tool satisfies the requirements of the sub-characteristic. Where
deficiencies were identified in the evaluation, these have been indicated by a number and an explanation
is given in the legend below of how the system failed to meet all the criteriain these cases.

Discussion

From our evaluation, we discovered many flaws with the system. Some of these are critical to user
satisfaction and some are minor. This depends on who the user is (subject co-ordinator, teacher or
student). The 1SO 9126 model provides an indication to educators and educational administrators of the
quality of a system they are considering buying into and provides a basis of comparison of different
systems.

Though our results demonstrate the | SO 9126 model is useful in evaluating e-learning systems, the
researchers also have some recommendations on how it could be enhanced. Firstly, we believe that it
could be improved by having a global characteristic to summarise the overall user satisfaction. To
determine the user satisfaction level, it is not possible to simply add up the number of problem sub-
characteristics. Different users will have different priorities that will influence on which characteristics
they will place more emphasis. Therefore, we need to consider incorporating afinal characteristic for the
user to state whether the particular tool being evaluated is acceptable overall or not.

Secondly, the sub-characteristic Appearance istoo general and coverstoo many different factorsand is
therefore not very helpful. It is recommended that the sub-characteristics included under Usability be
extended to include more specific appearance factors based on accepted HCI usability principles. For
example, Usability should include the sub-characteristics consistency, simplicity, legibility (e.g font size)
and use of colour (Preece, Rogers & Sharp, 2002).
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Students' and Teacher’ stools:
Course announcements * * * * * * * * * * * *
Course information * * * * * 1 2 2 2 * 3 *
Information about teachers * * * * * 14 2 2 2 * 3 *
Teaching materias * * * * * 15 2 2 2 * 3 *
Aw gnmmts * * * * * * * * * * 3 *
Class discussion board * * * * * * * 6 6 6 * *
Group discussion board * * * * * * * 6 6 6 * 7
Class chat room * * * * * * * 8 8 * 3 9
Group chat room * * * * * * * 8 8 * 3 7.9
Class drawing tool 0 * * 11 * * * 12 12 * * 9,13
Group drawing tool 10 * * * * * * 12 12 * * 7,9
Roster 14 * 14 x x x % 14 14 * 3 ¥
Ema| I * * * * * * * * * * 3 *
Group file exchange * * * * * * * * * * 3 7
Ca| mdar * * * * * * * * * * * *
Teacher’ stools:
Manage groups 5 = * * * 16 16 15 15 17 3,18 17
Grade book * * * * * * * * * * * *
Teﬂs * * * * * * * * * * 19 *
Cour$ Stat' ﬁl CS * * * * * * * * * * * *

Figure 2: Evaluation of e-learning using | SO 9126
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Accepts null content when content is logically required.

Lack of labeling regarding the required field makes it more difficult to use.

Font size is too small. Huge inconsistencies in font from one page to another.

When uploading a non-standard size picture of the staff member, an incorrect message was displayed.

The system does not check for validity of dates when teaching materials will become available.

Poor navigation. A menu of navigation buttons is needed instead of the one button provided, and these need to be
clearly named according to their function.

Loading group page was very slow when lots of users were online.

Problem with interpreting non-standard terminology, for example, “virtual classroom”, “room available in the
future”.

Chat roomisvery slow in initialisng due to aneed to install Java Applet plug in.

Can’t save drawings within the system or export drawings.

Because of anonymity of drawing and graphics upload there was a problem with a pornographic image being
posted.

The function of all buttons was not easy to understand. Tool tips are needed.

There is a synchronicity problem, with a time lag between when students can see what fellow student have
drawn.

Poor functionality and hard to understand how to useit: unable to display aroster.

Cannot search on user’s first name and cannot list al group members. ‘List’ button is therefore hard to
understand.

When creating new groups, system is unable to cope with atoo long group description.

Adding students to a group involves seven mouse clicks from one side of the screen to another for every single
student. Most of the buttons involved cannot be activated from the keyboard. Thisimpacts time behaviour.

Order of groupsis not alphabetical .

Inconsistent layout.
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Thirdly, there needs to be away of evaluating help given to usersin the system. Currently, the ISO model
does not include any way of explicitly evaluating this Usability principle. For example, we had no way of
recording a major deficiency with the system we evaluated, the fact that there was no help for students
apart from very limited tool tips on some screens only and alogin help. The researchers recommend that
the model include a Help sub-characteristic under Usability.

Fourthly, a strong correlation was found between the sub-characteristics Understandability and
Learnability. Therefore, we recommend a combination of these two sub-characteristics into one.
Lastly, Maturity was found to apply to the system as awhole but is not useful in evaluating individual
tools: for example, we know the system is mature (version 6.1) but we have no way of knowing the
maturity of each tool.

Conclusion

In this paper, we have discussed how the SO 9126 Quality Model can be applied to evaluating e-learning
systems. It provides a detailed analytical tool and is useful in moving beyond superficial evaluation to
achieve a more thorough view of the system’s strengths and weaknesses than can be provided by less
systematic approaches. For teachers and administratorsin the educationa field, who need to make
decisions regarding which system to buy, it provides a possible metric for comparison of the various
products available on the market. As such it can provide a basis for informed and rational decision
making and avoid costly mistakes.

However, in our investigation we uncovered some inherent weaknesses in the model, particularly with
regards to the Usability characteristic. To make the model simpler to use for educators, who may not be
usability experts, we propose that this characteristic should be extended to include more specific factors
such as consistency, simplicity, legibility and colour use. It is also suggested that a Help sub-
characteristic be included as part of Usability, mainly to ensure that this important factor should not be
neglected. In addition, we propose the inclusion of user satisfaction as a global characteristic to
summarise the general impact of the system on the user in their specific educational context and given
their specific requirements. With these improvements, 1SO 9126 could be a useful model for evaluating
the quality of e-learning systems.

A question that must be addressed is whether 1SO 9126 could be used by software development
companies who are interested in developing new e-learning systems. Could this model provide a testing
benchmark for software quality evaluation of the product prototypes and eventualy lead to better final
products with enhanced user satisfaction? It must be said that the success of our application of 1SO 9126
depended not only on the strength of the model but aso on the researchers teaching expertise as
experienced and qualified teachers utilising the e-learning system in an educational environment: we
knew the various pedagogical functions that the system had to support. However, for software developers
without educational expertise, the ISO model alone would be insufficient because it is a general software
quality model and does not specify the particular teaching and learning activities needed for good
learning. For this group, a checklist of tools and attributes which promote good educational outcomes and
efficient course management would be needed, such as those proposed by Britain and Liber (2003).

Further to our current study, we intend to obtain feedback from teachers and students, for example using
the following research methods: student questionnaires, teacher interviews and focus groups. This will
help cross validate the usefulness of the |SO 9126 Model for evaluating e-learning software quality. This
further research should motivate educators to perceive the benefits of having a standard to underpin
needed improvements in the e-learning context, particularly as these systems move into cutting edge,
multimedia technologies in the near future.
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