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that reflect the main goals of the software system. In addition,
inspection methods, e.g. heuristic evaluation aims at inspect the
user interface by expert evaluators. In contrast of user testing
inspection methods allow to evaluate the usability in earlier
phases of the software development process such as: evaluating
the requirement specifications or the prototype. However,
choosing a usability evaluation method adhere to cost, time
constraints, and appropriateness.
Learning Management System (LMS) aims at Manage
learners monitor their performance and progress across all
learning activities types. The LMS manages resources of
learning such as courses material, classroom and instructor
availability, instructional material, and delivery of online
learning [10]. However, several LMSs such as: blackboard,
Moodle, Sakai, and latitude learning, are used in different
colleges and universities mostly to support the on-campus
educational process.
Some studies have started to examine the usability of
Learning Management system (LMS) according to its significant
role in enhancing the learning process [11, 12, 13, 14, 15, 16]
This study proposes a generic model to evaluate the usability
of Learning Management Systems (LMS).
The paper is organized as follow: section two provides a
literature review on the usability models. Section three provides
a generic view of usability in ISO/IEC 25010 standards.
Moreover, section four provides a generic view of usability in
ISO 9241-11. Furthermore, the proposed usability model is
introduced in section five. Section six copare the characteristics
of the proposed model with the existing models, and section
seven concludes the paper.

ABSTRACT
Usability of software systems is one of the most important
software quality factors that has been defined by several
researchers and international standards, e.g. ISO/IEC 25010,
IEEE Std.610.12. Numerous studies have been conducted to
evaluate the usability of Learning Management Systems using
different usability evaluation methods. This paper aims at
proposing a generic model for usability evaluation of Learning
Management System based on ISO/IEC 25010, 9214 Standards
and usability models that proposed in literature so far. The
proposed model includes seven usability attributes i.e.
effectiveness, efficiency, error protection, accessibility,
operability, learnability, and satisfaction.
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1. INTRODUCTION
Software usability is one of the most important software quality
characteristics. Software system usability has made interesting
advances in software production, with more and more
organizations starting to take usability seriously [1].
The term “usability” has been defined in many standards and
researches. For instance, the International Organization for
Standardization (ISO) and the International Electrotechnical
Commission (IEC) ISO/IEC 25010:2011 defined it as the
“degree to which a product or system can be used by specified
users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use” [2]. Moreover,
IEEE Std.610.12 defined usability as “the ease with which a user
can learn to operate, prepare inputs for, and interpret outputs of a
system or component” [3].
Furthermore, usability is a non-functional requirement which
means it cannot be measured directly. Therefore, many
measurable attributes related to the usability have been identified
by several researchers in literature in order to evaluate the
usability of software products, for instance, time to complete
tasks and errors faced during completing a task are considered
from the quantitative usability attributes.

2. LITERATURE
REVIEW
USABILITY MODELS

ON

Usability Evaluation attributes have been identified by several
researchers, for instance, Shackel identified four important
usability criteria i.e. effectiveness, learnability, flexibility, and
user attitude [6].
Later, Nielsen defined the usability as a quality attributes
and includes five components [4]:
•
•

Moreover, some methods are used to evaluate the usability
attributes of a software product, such as: user testing where real
users experience the software product provided by a list of tasks

•
•

Copyright Box

•

Learnability: Time to learn how to accomplish the basics
tasks.
Efficiency: the speed of performing tasks after learning
using the system.
Memorability: remembering how to accomplish the tasks
very quickly, after leaving the system for period of time.
Errors: Error’s proportion, how easily the errors recovered
by the users.
Satisfaction: shows the user satisfaction and pleasant while
using the system.

Similar to the usability attributes identified by Nielsen, Brinck et
al. divided the usability category into functionally correct,
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efficient to use, easy to learn and remember, error tolerant, and
subjectively pleasing [5]. In addition, Boehm’s model of
usability classified the usability into portability and
maintainability [31].
Moreover, FURPS quality model that presented by Grady R.
[7] includes usability as a main quality attribute and determined
its criteria as human factors, aesthetics, consistency,
documentation.
Furthermore, Shneiderman B. [8], proposed a guideline for
software usability measurement objectives i.e. time to learn,
speed of task performance, rate of errors by users, subjective
satisfaction, retention over time.
According to Abran et al. [18], the security attributes come
within the usability. Hence, they proposed a consolidate model
for the usability including five attributes, i.e. efficiency,
effectiveness, satisfaction, learnability, and security.
Alonso-Rios et al. [20] proposed a usability model with six
attributes, i.e. knowability, operability, efficiency, robustness,
safety, subjective satisfaction. Furthermore, Dubey et al. [21]
considered a classification that included effectiveness,
efficiency, satisfaction, and learnability. However, an integrated
usability model has been proposed by Dubey et al. [22] that
included
effectiveness,
efficiency,
satisfaction,
comprehensibility, and safety. Moreover, QUIM model identify
quality in use in seven characteristics i.e. efficiency,
effectiveness, productivity, satisfaction, learnability, safety, and
accessibility [30].
Recently, ISO/IEC 25010 standard for Software and quality
in use models identified the usability in use attribute as one from
the most important quality in use attributes which can be
measured by effectiveness in use, efficiency in use, satisfaction
in use, and usability in use compliance.

3. USABILITY
STANDARD

IN

ISO/IEC

On the other hand, quality in use model consists of three
categories, i.e. effectiveness in use, efficiency in use and
satisfaction.
In addition, each category has sub categories to be measured.
This study focuses on the usability attribute that includes the
following three sub characteristics in order to measure the
usability in use:
•
•
•

Both models i.e. product quality and quality in use are applicable
for computer systems and software products.

4. USABILITY IN ISO 9214 STANDARD
ISO 9214 is the international standards on ergonomics
requirements for office with Visual Display Terminals (VDTs)
[17]. Furthermore, ISO 9214 deals with four main categories of
requirements i.e. general, material requirement, environment,
and software. However, the four categories divided into 17 parts;
where usability specifications measures are included in the
software categories and explained in part eleven. In addition,
this standards, determined three attributes to measure the
usability, i.e. effectiveness, efficiency, and satisfaction in a
specified context of use.

5. A GENERIC MODEL TO EVALUATE
THE USABILITY OF LMS

25010

There are different views of usability models attributes in
literature and in standards, that leads to problems for the
evaluators to decide which model needs to be adopted in order to
evaluate usability to any software system in general and LMS
specifically.
This paper proposes a generic model to evaluate the usability
of Learning Management System (LMS), where the main types
of users are: administrators, instructors, and learners based on
usability models that have been proposed in literature and
International standards.
The model includes seven usability attributes i.e.
Effectiveness, efficiency, user error protection, operability,
accessibility, learnability, satisfaction as shown in figure 1.
Following are the main characteristics and its related sub
characteristics

ISO/IEC 25010 that has replaced ISO/IEC 9126 [9] is a part of
Software product Quality Requirements and Evaluation
(SQuaRE) series of standards. Furthermore, the quality models
that defined in this standard are software product quality model
and quality in use model. However, product quality model
classifies the quality attributes into eight characteristics i.e.
functional suitability, performance efficiency, usability, security,
compatibility, reliability, maintainability, and portability [3].
Where the usability has six sub characteristics:
•

•

•
•
•
•

Effectiveness in use: this sub characteristic is based on ISO
9241-11 that is the degree to which the user can achieve
his/her goal with accuracy and completeness.
Efficiency in use: the level of effectiveness achieved to the
related resources spent e.g. time and material.
Satisfaction in use: subdivided into Usefulness, trust,
pleasure, comfort i.e. physical satisfaction.

Appropriateness recognizability: the level to which the users
can recognize if the system meets their needs from the initial
impression.
Learnability: the level of learning to use the product or
system with effectiveness, efficiency, freedom from risk,
and satisfaction.
Operability: the easy of operate and control the system.
User error protection: the degree to which the system
preventing the user from making errors.
User interface aesthetics: the degree to how the graphical
interface satisfies the user
Accessibility: the degree to which the system help the users
regardless of their different characteristics and disabilities to
achieve their goal of using the system.

1. Effectiveness: the degree to which the user can achieve
his/her goal with accuracy and completeness [3].
a. Task Completeness:
the proportion of task that
completed correctly.
b. Task effectiveness: task completion with regard to the
time.
c. Error frequency: corrected and uncorrected errors during
the task accomplishment.
2. Efficiency: the level of effectiveness achieved to the related
resources spent.
a. Task time: how long does it take to complete a task
compared to target time.
b. Task efficiency: the user effectiveness compared to
task time.
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Effectiveness and efficiency measurements provided by
ISO/IEC 25022 [28].
3. Operability: the easy of operate and control the system in
elearning environment
a. Completeness: provide all the needed functionality,
especially for the learners.
b. Customized possibilities: the functions that can be
customized and numbers of functions that required to be
customized.
c. Monitoring possibility: number of items that have
monitoring state, such as delivering the assignment from
the learners.
d. Display consistency: number of items that placed
consistency on website pages.

a.

Usefulness: the users satisfaction of their achievements,
proportion of customer complaints
b. Trust: does the user trust the system?
c. Pleasure: pleasure to use the system and user interface
aesthetics
User Satisfaction can be measured using standardized
questionnaires such as: SUMI [24], ASQ [25], CUSI [26],
PSSUQ [26], QUIS [23], and SUS [27]. While the attributes
from 1 to 6 can be evaluated by inspection by experts or by user
testing.
Figure 2 shows the model characteristics and sub
characteristics.

6. COMPARISON OF THE PROPOSED
USABILITY MODEL WITH EXISTING
MODELS

The sub characteristics b, c, and d measurements are
provided in ISO/IEC 25023 [29].

Table 1 shows the characteristics of the proposed models and its
indication in literature and international standards.

4. User Error protection:
a. Avoidance of incorrect operation: Number of functions
implemented to avoid critical or serious operation.
b. Input validity checking: proportion of input items
provide check for valid data.
c. User error recoverability: number of errors that the
system can correct and recover.
ISO/IEC 25023 [29] provides measurements to user error
protection attributes.
5. Accessibility: Using the system with wide range of
capabilities and characteristics.
a. Visual: number of functions that can be accessed by low
vision people
b. Auditory: number of functions that can be accessed by
people who has hearing problem.
c. Multiple language support: number of languages that is
supported by the LMS.
6. Learnability:
a. Time to Learn: time to learn how to complete basics
tasks.
b. User documentation/Help Facility: number of functions
that described completely in user guides and help
documentation.
7. Satisfaction: include three sub characteristics:

Table 1. Comparison of proposed model characteristics with
the existing models.
Characteristics

Existing Models

Learnability

[4], [6], [5], [7], [8], [18], [21], [22],
[30] [3],[29]

Operability

[7], [20], [22] [3], [29]

User Error
protection

[4], [5], [8] [3], [29]

Satisfaction
Effectiveness
Efficiency
Accessibility

[4], [6], [5], [7], [8], [18] [20] [21],
[22], [30],[3], [29]
[6], [8], [18], [21], [22], [30], [3],
[28],[28]
[4], [5], [18], [20] [21], [22], [30],
[3], [28]
[22], [30], [3], [29]

Usability

Effectiveness

Efficiency

Operability

Error
Protection

Accessibility

Figure 1. Generic usability model for LMS.
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Learnability

Satisfaction

Task completion
Effecteviness

Task effectiveness
Error protection
Task time

Effeciency
Task efficiency
Display Consistency
Monitoring possibility
Operability
Customized possibilities
Completeness
User error recoverability
Usability
Input validity checking

Error Protection

Avoidance of incorrect
operation
Visual
Accessability

Auditory
Multiple Language
Time to learn

Learnability
Help documenation
Pleasure
Satisfaction

Usefulness
Trust

Figure 2. Usability model characteristics and sub characteristics.

7. DISCUSSION

REFERENCES

The usability model for evaluating Learning Management
Systems (LMSs) is proposed based on literature and
international standards and consists of the characteristics that
affects the usability in learning systems.

[1] Trenner L. and Bawa J., The Politics of Usability, A
Practical Guide to Designing Usable Systems in Industry,
Springer-Verlag, London, 1998.
[2] IEEE Std 610.121990, IEEE Standard Glossary of Software
Engineering Terminology, The Institute of Electrical and
Electronics Engineers IEEE, USA, 1990.
[3] ISO/IEC 25010:2011, International Standard, Systems and
software engineering, Systems and software Quality
Requirements and Evaluation (SQuaRE), System and
software
quality
models,
https://www.iso.org/obp/ui/#iso:std:35733:en
[4] Nielsen J, Usability Engineering, Academic Press, Boston,
1994.
[5] Brinck, T., Gergle, D., & Wood, S.
Usability for the web: Designing web sites that work. San
Francisco, CA., Morgan Kaufmann. 2002.
[6] Shackel, B. Usability - context, framework, definition,
design and evaluation. In B. Shackel & S. Richardson
(Eds.), Human factors for informatrics usab ility (p p.2137). Cambridge: Cambridge University Press, 1991.
[7] Grady R. B., “Practical software metrics for project
management and process improvement,” Prentice Hall,
1992.

The model is expected to be helpful in evaluating LMS to find
the usability problem areas in order to improve the design of the
evaluated systems and obtain the best usability results.

8. CONCLUSION AND FUTURE WORK
Usability is an important factor of software quality. Several
models have been proposed in literatures and international
standards provided different usability attributes in order to be
measured. Furthermore, Learning Management Systems are a
widespread use in colleges and universities and the usability of
such systems has been examined before by different researchers
who adopted different general usability models with different
attributes. This paper proposes a generic usability model to
evaluate the LMS with the needed characteristics regarding the
context of use.

4

[8] Shneiderman B., Designing the user interface, strategies for
effective human computer interaction. Addison Wesley,
3rd ed. 1998.
[9] ISO/IEC 9126-1:2001, Software engineering -- Product
quality -- Part 1: Quality model, http://www.iso.org/iso/
catalogue_detail.htm?csnumber=22749
[10] Rapuano S., “A Learning Management System Including
Laboratory
Experiments
on
Measurement
Instrumentation,” IEEE Transactions on Instrumentation
and Measurement, vol. 55, no. 5, Oct, 2006.
[11] Al-Sarrayrih H. S., Knipping L., and Zorn E., “Evaluation
of a MOODLE Based Learning Management System
Applied at Berlin Institute of Technology Based on
ISO-9126,” Interactive Conference on Computer Aided
Learning, September 2010.
[12] Kakasevski G., Mihajlov M., Arsenovski S., and
Chungurski S., “Evaluating Usability in Learning
Management System Moodle,” 30th International
Conference on Information Technology Interfaces ITI,
2008.
[13] Katsanos C., Tselios N., and Xenos M., “Perceived
Usability
Evaluation
of
Learning Management Systems: A First Step towards
Standardization of the System Usability Scale in
Greek,” 16th Panhellenic Conference on Informatics
(PCI), Piraeus 2012.
[14] Kiget K. N., Wanyembi G., Peters I. A., Evaluating
Usability of E-Learning Systems in Universities,
International Journal of Advanced Computer Science
and Applications (IJACSA), Vol. 5, No. 8, 2014.
[15]
LMS
Usability
Working
Group,
“LMS
Usability Evaluation Report,” Tufts
University,
Massachusetts, US, March, 2010.
[16] Ozkan S. and Koseler R., “Multi-Dimensional Students’
Evaluation of e-Learning Systems in the Higher
Education Context: An Empirical Investigation,”
Computers & Education, vol. 53, 2009.
[17] ISO 9214, Ergonomic requirements for office work with
visual
display
terminals
(VDTs) —
Part 11,
https://www.iso.org/obp
/ui/#iso:std:iso:9241:-11:ed1:v1:en, 1998.
[18] Abran A., Khelifi A., Suryn W., Seffah A., “Consolidating
the ISO Usability Models”,
[20] D. Alonso-Ríos, A. Vázquez-García, E. Mosqueira-Rey
and V. Moret-Bonillo, Usability: A Critical Analysis

and a Taxonomy, International Journal of HumanComputer Interaction, 26(1), 53–74, 2010.
[21] S. K. Dubey, A. Sharma and A. Rana, Usability evaluation
in object oriented software systems using fuzzy logic
approach, International Journal of Computer
Applications 43(19):1-6, April 2012.
[22] S. K. Dubey, A. Gulati, and A. Rana, “Integrated Model
for Software Usability”, International Journal on
Computer Science and Engineering (IJCSE), Vol. 4 No.
03 March 2012.
[23] Chin, J. P., Diehl, V. A., and Norman, K. (1988).
Development of an instrument measuring user satisfaction
of the human-computer interface. In the Proceedings of
ACM CHI ‘88 (Washington D.C.), 213-218.
[24] Kirakowski, J. (1996). The software usability measurement
inventory: Background and usage. In Jordan, P., Thomas,
B., and Weerdmeester, B. (Eds.), Usability Evaluation in
Industry. UK: Taylor and Francis
[25] Lewis, J. R. (1991). Psychomeasure Evaluation of an
After-Scenario Questionnaire for Computer Usability
Studies: the ASQ. SIGCHI Bulletin, 23(1), 78-81.
[26] Lewis, J. R. (1995). IBM Computer Usability Satisfaction
Questionnaires: Psychomeasure Evaluation and
Instructions for Use. International Journal of HumanComputer Interaction, 7, 57-78.
[27] Brooke, J. (1996). SUS: A “quick and dirty” usability
scale. Usability Evaluation in Industry. UK: Taylor and
Francis.
(http://www.usability.serco.com/trump/documents/Suscha
pt.doc).
[28] iso 25022, Measurement of quality in use
http://www.iso.org/iso/catalogue_detail.htm?csnumber=3
5746.
[29] ISO 25023, Measurement of system and software product
quality,
http://www.iso.org/iso/catalogue_detail.
htm?csnumber=35747.
[30] A. Seffah, Kececi, N., and M. Donyaee, “QUIM: An
Integrated Model for Specifying and Measuring Quality in
Use,” Second Asia-Pacific Conference on Quality
Software, Hong Kong, 2001.
[31] B. Boëhm, Characteristics of software quality, vol 1 of
TRW series on software technology, North-Holland,
Amsterdam, Netherlands, 1978.

5

