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Abstract 

Despite the widespread use of e-learning systems and the considerable investment in purchasing or developing them in house, 
there is no consensus on a standard framework for evaluating system quality. This paper proposes the ISO 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 a commonly available eLearning 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 basis for a comparison to inform purchase decisions. 
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1. Introduction 
 
In the field of software engineering, the term “metrics” is used in reference to multiple concepts, whether in terms of 
the quantity to be measured (measurand1), measurement procedures, measurement results or models of relationships 
across multiple measures, or of the objects themselves. In the software engineering literature, the term is applied, for 
instance, to a measure of a concept (e.g. McCabe cyclomatic  complexity ), to quality models (ISO 9126 – software 
product quality ) and to estimation models (e.g. Halstead’s equations , COCOMO I and II estimation models ). This 
has led to many curious problems, among them a proliferation of numerous publications on metrics for concepts of 
interest, but with a very low rate of acceptance and use by either researchers or practitioners, as well as a lack of 
consensus on how to validate so many  First of all, 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 ISO 9126 
Quality Model as a basis for evaluating e-learning tools and explain the characteristics and subcharacteristics of the 



Swati Yadav, IJRIT  428 

 

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 learning systems, although we do identify several possible 
refinements to the model. Finally, we analyse the implications of using the ISO 9126 Quality Model to evaluate and 
improve e-learning systems. what they referred to as “IT metrology”; they highlight the challenges and opportunities 
arising from the application of the metrology concepts to information technology. In addition, they have proposed 
logical relationships between metrology concepts, consisting of four steps to follow to obtain measured values: 
defining quantity/attribute, identifying units and scales, determining the primar references and settling the secondary 
references. Moreover, Gray  discusses the applicability of metrology to information technology from the software 
measurement point of view. Abran   has highlighted some high-level ambiguities in the domain of software 
measurement, and proposed substituting the appropriate metrology  terms for the current ambiguous and peculiar 
software metrics terminology unique to the domain of software engineering. In metrology, the term “metrics” is 
never used  Abran and Sellami  have documented the metrology concepts addressed in ISO 19761 (COSMIC-FFP), 
both in the design of this measurement method and in some of its practical uses. Moreover, Sellami and Abran  have 
investigated the contribution of metrology concepts to understanding and clarifying the framework for software 
measurement validation proposed by Kitchenham. The ISO 9126 series of documents on software product quality 
evaluation proposes a set of 120 metrics2 for measuring the various characteristics and subcharacteristics of 
software quality. However, as is typical in the software engineering literature, their set of so-called metrics in ISO 
9126 refers to multiple distinct concepts which, in metrology, would have distinct labels (or naming conventions, 
e.g. terms) to avoid ambiguities. To help in understanding and clarifying the nature of the metrics proposed in ISO 
TR 9126-4 , each is analyzed in this paper from a metrology perspective and mapped to the relevant metrology 
concepts. Such a mapping will also contribute to identifying the measurement concepts that have not yet been 
tackled in the ISO 9126 series of documents. Each of these gaps represents an opportunity for improvement in the 
design and documentation of the measures proposed in ISO 

 
1.1 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  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 educators in 
evaluating the quality of the system as such, and therefore do not incorporate frameworks to support decision 
making regarding review of existing systems and the purchase of new  preparation as an initial step towards 
harmonizing the software engineering measurement terminology with the metrology terminology. 

 
2. Metrology 
 
The term “metrology” is defined in the ISO International Vocabulary of Basic and General Terms in Metrology as 
the field of knowledge dealing with measurement . More specifically, it has been defined in as: “that portion of 
measurement science used to provide, maintain, and disseminate a consistent set of units; to provide support for the 
enforcement of equity in trade by weights and measurement laws; or to provide data  quality control in 
manufacturing”. Following the above definitions, metrology forms the basis of all measurement-related concepts in 
the natural sciences and engineering, and to each of the different interpretations of a software metrics is associated a 
related distinct metrology term with related metrology criteria and relationships with other measurement concepts. 
In 1984, the ISO, with other participating organizations (BIPM, IEC and OIML), published their first edition of the 
international consensus on the basic and general terms in metrology (VIM) . Later, in 1993, this publication was 
reviewed, and then the ISO, in collaboration with six participating organizations (BIPM, IEC, OIML, IUPAC, 
IUPAP and IFCC), published the second edition of this document . The ISO is now working on its third edition of 
this document to integrate, in particular, concepts related to measurement uncertainty and measurement 
traceability.The second VIM edition on metrology presents 120 terms in six categories and in increasing order of 
complexity, and describes each term individually in textual format (in parentheses, the number of terms in each 
category): Quantities and Units (22 terms), Measurements (9 terms), Measurement Results (16 terms), Measuring 
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Instrument , Characteristics of the Measuring Instruments and Measurement Standards – Etalon. To facilitate an 
understanding of these more than one hundred related terms, Abran and Sellami  proposed a modeling of all the sets 
of measurement concepts documented in this ISO document. Two of the categories of terms in the VIM deal with 
some aspects of the design of measurement methods, that is, category 1: “quantities and units”, and category 2: 
“measurement standards – etalon”. The other four categories are related to the application of a measurement design 
with a measuring instrument, and to the quality characteristics of the measurement results provided by this 
measuring instrument . More specifically, we use the first category, which deals with the design of the measurement 
methods, that is, quantities and units and, in particular, the system of quantities . 
 
3. ISO 9126 & Quality in Use Metrics 
 
In 1991, the ISO published its first international consensus on the terminology for the quality characteristics for 
software product evaluation: ISO 9126 – Software Product Evaluation – Quality Characteristics and Guidelines for 
their From 2001 to 2004, the ISO published an expanded four-part version, containing both the ISO quality models 
and inventories of proposed measures for these models. The current version of the ISO 9126 series now consists of 
one International Standard (IS)  and three Technical Reports (TR)  The first document of the ISO 9126 series – 
Software Product Quality Model – contains two structures of quality models for software product quality: a structure 
for both the internal and external quality models, and a structure for the quality in use model. The first structure of 
the ISO 9126-1 Quality Model includes six characteristics, subdivided into twenty-seven subcharacteristics for 
internal and external quality . These subcharacteristics are related to internal software attributes, and are noticeable 
externally when the software is used as part of a computer system. The second structure of the ISO 9126-1 model 
includes four quality in use characteristics : effectiveness, productivity, safety and satisfaction. These characteristics 
and subcharacteristics are defined in the ISO 9126-1 international standard document. The second document of the 
ISO 9126 series – Software Product External Quality Metrics – contains a set of metrics for each external quality 
subcharacteristic, explanations of how to apply and use them, and examples of how to apply them during the 
software product life cycle. The third document of the ISO 9126 series – Software Product Internal Quality Metrics 
– contains an inventory of metrics for each internal quality subcharacteristic, explanations of the application of these 
metrics, and examples of how to use them in the software product life cycle . 

 
3.1 The ISO 9126 model 

 
The International Organization for Standardisation (ISO) was founded in 1946 in order to facilitate 
international trade, international coordination and unification of industrial standards by providing a single 
set of standards that would be recognised and respected (Praxiom Research Group). ISO 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 ISO 9126 for not prescribing specific 
quality requirements, but instead defining a general framework for the evaluation of software quality 
(Valenti 2002). We believe that this is in fact one of its strengths as it is more adaptable and can be used 
across many systems, including e-learning systems.  
The original model defined six product characteristics user efficiency 
3. Safety: user health and safety, safety of people affected by use of the system, economic damage and 
software damage 
4. Productivity: satisfaction scale, satisfaction questionnaire and discretionary usage These fifteen metrics 
are analyzed using a metrology concept structure from the VIM category, Quantities and Units , based on 
four characteristics, that is: system of quantities, dimension of a quantity, unit of measurement and 
value of a quantity. 

 
4. Effectiveness Metrics 
 
In ISO 9126-4, the claim is that the three Effectiveness Metrics assess whether or not the task carried out by users 
achieved the specific goals with accuracy and completeness in a specific context of use . This section presents the 
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outcomes of the mapping of the set of Quantities and Units metrology concepts to the 2004 description of 
effectiveness Metrics in ISO 9126-4. A summary of this mapping is presented in the Appendix. 
 
4.1 System of quantities for Effectiveness 
 
4.1.1 Base quantities 
 
First, it can be observed that these three Effectiveness Metrics are not collected directly by a measurement system, 
but are derived from a computation of four base quantities that are themselves collected directly, that is: task time, 
number of tasks, number of errors made by the user and proportional value of each missing or incorrect component. 
The first three of these base measures in the terms in common use, but this leaves much to interpretation on what 
constitutes, for example, a task: it does not ensure that the measurement results are repeatable and reproducible 
across measurers, across groups measuring the same software and, as well, across organizations where a task might 
be interpreted differently and with different levels of granularity. This leeway in their interpretation makes a rather 
weak basis for either internal or external benchmarking. The third base quantity, number of errors made by the user, 
is defined F of ISO TR 9126-4 as an “instance where test participants did not complete the task successfully, or had 
to attempt portions of the task more than once” . This definition diverges significantly from the one in the IEEE 
Standard Glossary of Software Engineering Terminology where the term “error” has been defined as “the difference 
between a computed, observed, or measured value or condition and the true, specified, or theoretically correct value 
or condition; for example, a difference of 30 meters between a computed result and the correct result.” 
 
4.1.2 Characteristic Sub-characteristic Explanation 
 
Suitability Can software perform the tasks required? Accurateness Is the result as expected? Interoperability Can the 
system interact with another system? Functionality Security Does the software prevent unauthorised access? 
Maturity Have most of the faults in the software been eliminated over time? Fault tolerance Is the software capable 
of handling errors? 
Reliability Recoverability Can the software resume working and restore lost data after failure? 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? Usability Attractiveness Does the interface look good? 
Efficiency Time Behaviour How quickly does the system respond? Resource Utilisation Does the system utilise 
resources efficiently? Analysability Can faults be easily diagnosed? Changeability Can the software be easily 
modified? Stability Can the software continue functioning if changes are made? Maintainability Testability Can the 
software be tested easily? Adaptability Can the software be moved to other environments? Installability Can the 
software be installed easily? Conformance Does the software comply with portability standards? Portability 
Replaceability Can the software easily replace other software? All characteristics Compliance Does the software 
comply with laws or regulations?Ai based on the extent to which it detracts from the value of the output to the 
business or user . These expansive, embedded definitions contain a number of subjective assessments for which no 
repeatable procedure is provided: the value of the output to the business or user, the extent to which it detracts, the 
components of a task and potential missing or incorrect components. 
 
4.1.3 Derived quantities 
 
The proposed three Effectiveness Metrics, which are defined as a prescribed combination of these base quantities, 
are therefore derived quantities. The ranges of the results obtained from implementing the corresponding 
measurement function are introduced in the upper part of each of these derived quantities. These quantities inherit 
the weaknesses of the base quantities of 
which they are composed. 
 
4.2 Dimension of a quantity for Effectiveness 
Emerson  states that the concept of dimension is particularly applicable to the derived quantities: two of them, i.e. 
task effectiveness and task completion, can have values between 0 and 1, and would be considered as dimensionless 
quantities, since a ratio of quantities with the same dimensions is itself dimensionless. 
 
4.3 Units of measurement for Effectiveness 
The metrology concepts related to units of measurement are: 
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_ Symbols of the units 
_ Systems of units 
_ Coherent (derived) units 
_ Coherent system of units 
_ International system of units 
_ Base units 
_ Derived units 
_ Off-system units 
_ Multiples of a unit 
_ Submultiples of a unit 
The mappings of these metrology concepts for Effectiveness Metrics are presented. 
Two metrology concepts must be analyzed in more detail, base units and derived units. 
 
4.3.1 Base units 
 
Of the four base quantities, a single one, i.e. task time, has an internationally recognized standard base unit, i.e. the 
second, or a multiple of this unit. It also has a universally recognized corresponding symbol (‘s’). The next two base 
units (tasks and errors) do not refer to any international standard of measurement, and must be locally defined 
(which means that they fit poorly, for comparison purposes, when measured by different people, unless local 
measurement protocols have been clearly documented, and they are implemented rigorously in a specific 
organization). The fourth base quantity, proportional value of each missing or incorrect component, is puzzling 
because it is based on a given weighted value (number) and has no measurement unit. 
 
4.3.2 Derived units 
 
The derived quantity, task effectiveness, leads to a derived unit that depends on a given weight. Therefore, like the 
base unit, its derived unit of measurement is unclear. The derived quantity, task completion, is computed by dividing 
two base quantities (task/task) with the same unit of measurement. The definition of the computation of the derived 
quantity, error frequency, provides two distinct alternatives for the elements of this computation. This can lead to 
two distinct interpretations, i.e. errors/task or errors/second. Of course, this in turn leads to two distinct derived 
quantities as a result of implementing two different measurement functions (formulas) for this derived quantity. Of 
course, this leaves open the possibility of misinterpretation and misuse of measurement results when combined with 
other units: for example, measures in centimeters and measures in inches cannot be added or multiplied. This lack of 
clarity, as well as the lack of references to international units of measurement,could explain why there has been no 
attempt to integrate the proposed base and derived quantities into a system of units, including references to coherent 
units and a coherent system of units. 
 
4.4 Value of a quantity for Effectiveness 
 
The four types of metrology values of a quantity are: true value, conventional true value, numerical value and 
conventional reference scale. Numerical values are indeed obtained for each base quantity based on the defined data 
collection procedure; for each derived quantity, the numerical values are obtained by applying their respective 
measurement function. For instance, the derived quantities, task effectiveness and task completion, are both 
percentages, and are interpreted as the effectiveness and completion of a specific task respectively. For task 
effectiveness in particular, anyone would be hard pressed to figure out both a true value and a conventional true 
value; for task completion and error frequency, the true values would depend on locally defined and rigorously 
applied measurement procedures, but without reference to universally recognized conventional true values (as they 
are locally defined).  
Finally, in terms of the metrological values of a quantity, only task time refers to a conventional reference scale, that 
is, the international standardetalon for time, from which the second is derived. None of the other base quantities in 
these effectiveness metrics refers to a conventional reference scale, or to a locally defined one. 
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5. Productivity Metrics 
 
In ISO 9126-4, the claim is made that the five productivity metrics assess the resources that users consume in 
relation to the effectiveness achieved in a specific context of use. In this standard, the time required to complete a 
task is considered to be the main resource to take into account . This section presents the outcome of the mapping of 
the set of Quantities and Units metrology concepts to the 2001 description of Productivity Metrics in ISO 9126-4. 
 
5.1 System of quantities for Productivity 
 
One of the five proposed productivity metrics in ISO 9126-4 is a base quantity (task time) while the other four are 
derived quantities (task efficiency, economic productivity, productive portion and relative user efficiency).In 
addition, task efficiency refers explicitly to another derived quantity, task effectiveness, which was analyzed in the 
previous section. It is to be noted that these derived quantities are themselves based on five base quantities: task 
time, cost of the task, help time, error time and search time. 
 
5.2 Dimension of a quantity for Productivity 
All the productivity metrics, except task time, are dimensionless quantities. 
 
5.3 Units of measurement for Productivity 
In the lower-middle part of the standard, for the base and derived quantities, there are five base units and no explicit 
derived units. However, it can be observed that the measurement unit for task effectiveness is not completely clear, 
since it depends on an ill-defined “given weight”: 
Since there is no measurement unit for the productive proportion (it has the same measurement unit in both the 
numerator and the denominator), theresult is a percentage: 'productive proportion' unit = Finally, for relative user 
efficiency, there is no measurement unit either, since the measurement units in both the numerator and the 
denominator are the same here as well (the task efficiency measurement unit), and therefore the result of this derived 
quantity is also a percentage. This point can be clarified as follows: task efficiency unit , relative user efficiency unit 
, task effectiveness unit , task effectiveness  unit. 
 
6. Safety Metrics 
 
In ISO 9126-4, the safety metrics claim to assess the level of risk of harm to people, businesses, software, property 
or the environment in a specific context of  use; their scope includes the health and safety of both the users and those 
who affected by use, as well as unintended physical or economic consequences . 
To evaluate the safety characteristics of a software product, four derived quantities must be quantified (i.e. user 
health and safety, software damage, economic damage and the safety of people affected by use of the system). Each 
of these derived quantities is the result of a computational formula (function), which consists of a combination of pre 
collected base quantities (i.e. number of usage situations, number of people, number of occurrences of software 
corruption, number of occurrences of economic corruption and number of users). It can be observed that the 
resulting values of all the derived quantities should be between 0 and 1. All the safety metrics are dimensionless 
quantities; there are five base units and two derived units for these quantities. In addition, two of the derived 
quantities have no measurement units, since the measurement unit is the same in both the numerator and the 
denominator, i.e. user health and safety and safety of people affected by use of the system, whereas none of the 
measurement units has a symbol. 
 
7. Satisfaction Metrics 
 
The satisfaction metrics in ISO 9126-4 claim to assess the user’s attitudes towards the use of the product in a 
specific context of use . All three proposed satisfaction metrics are derived quantities (i.e. satisfaction scale, 
satisfaction 
questionnaire and discretionary usage), which themselves depend on four base quantities (i.e. population average, 
number of responses, number of times that specific software function / application / systems are used and number of 
times that specific software function/application/systems are intended to be used). Two of the proposed satisfaction 
metrics are dimensionless quantities, i.e. satisfaction questionnaire and discretionary usage. Regarding the 
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measurement units, there are four base units and no derived units; however, the measurement unit, satisfaction scale, 
is not clear, since it depends on a “questionnaire producing psychometric scales”.  

 
7.1 Methodology 

 
The researchers used the quality characteristics and sub-characteristics to evaluate an e-learning system, Blackboard 
version 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 IT professionals. For this reason, our focus will be on these 
earlier characteristics 

 
8. Conclusions 
 
The ISO International Vocabulary of Basic and General Terms in Metrology (VIM) represents the international 
consensus on a common and general terminology of metrology concepts. However, until recently, it was not usual 
practice in software engineering measurement to take into account metrology concepts and criteria, either in the 
design of software measures or in their use and in the interpretation of measurement results. This paper has 
presented an analysis of the ISO 9126-4 Technical Report on quality in use metrics, and has investigated the extent 
to which it addresses the metrology criteria found in classic measurement.Based on the analysis in, thefollowing 
comments and suggestions can be made: 
 
- Identifying and classifying the quality in use metrics into base and derived quantities makes it easy to determine 
which should be collected (base quantities) to be used subsequently in computing the other (derived) quantities. 
other quantities with unknown units. 
- None of the quality in use metrics refers to anysystem of units, coherent (derived) unit, coherentsystem of units, 
international system of units (SI),off-system units, multiple of a unit, submultiple ofa unit, true values, conventional 
true values or numerical values. 
- None of the base and derived quantities, except for task time, has symbols for their measurement units. 
It is to be noted that the ranges of the results of many of the derived metrics in ISO 9126-4 are between 1 and 0. 
Therefore, it is easy to convert them to percentage values. However, from our point of view, these results will be 
easier to understand if they are ranked in terms of qualitative values; for 
example, for task completion, if the percentage result is 100%, then the completion of the task is labeled “excellent”; 
if the result is 80%, then the 
completion of the task is labeled “very good”; and so on.Using the ISO 9126-4 Technical Report on themeasurement 
of software quality in use as a case study, this paper has investigated and reported on the extent to which this ISO 
series addresses the metrology criteria typical of classic measurement. Areas for improvement in the design and 
documentation of measures proposed in ISO 9126 have been identified. The analysis methodology developed to 
investigate ISO TR9126-4 could also be of use to analyze the metrological strengths and weaknesses of close to 120 
metrics proposed by the ISO in TRs 9126-2 and -3. 
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Appendix: “Quantities and Units” Metrology Concepts in ISO 9126-4 – Effectiveness Metrics 
Metrology Concepts ISO 9126-4 (Effectiveness Metrics*)  
5.1 System of Quantities: 
- Base Quantities: 
1. Task Time. 
2. Number of Tasks. 
3. Number of Errors Made by the User. 
4. Proportional value of each missing or incorrect 
component. 
- Derived Quantities: 5. Task Effectiveness*. 0 _ Task Effectiveness _ 1 
6. Task Completion*. 0 _ Task Completion _ 1 
7. Error Frequency*. Error Frequency _ 0 
5.2 Dimension of a Quantity: 
- Quantities of Dimension 
One (Dimensionless 
Quantities): 
5. Task Effectiveness. 
6. Task Completion. 
5.3 Units of Measurement: 
- Symbols of the Units: - s (Second) 
- Systems of Units: - None. 
- Coherent (Derived) 
Units: 
- None. 
- Coherent System of 
Units: 
- None. 
- International System of 
Units (SI): 
- None. 
- Base Units: 1. Second. 2. Task. 3. Error. 4. Non (ill-defined) 
- Derived Units: 
5. (1- a given weight). 6. Task/Task = % 
7. Error/Task or Error/Second. 
- Off-System Units: - None. 
- Multiple of a Unit: - None. 
- Submultiple of a Unit: - None. 

 

 


