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Abstract. Current trends in the development of educational applica-
tions bring new challenges that require both a rapprochement and an
understanding of the elements implicit in the interaction of this type
of system and the individuals who use them. One of the most relevant
aspects in this interaction is user satisfaction; as a result, it is necessary
to establish a broader and more precise definition of user satisfaction in
the e-learning context, at the same time giving thought to the different
constructs that characterize the software systems dedicated to learning.
This article presents a proposal that extends the concept of satisfaction
of use in e-learning environments through the ISO/IEC 25010 standard.
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1 Introduction

Evaluating user satisfaction in applications dedicated to learning is a complex
activity. This situation is due in large part to the increase in trends in learning
styles, the diversity of students, technological advances, etc. [1]. These charac-
teristics become important challenges for the definition of methods that allow
the evaluation of designs of e-learning systems in a more precise and objective
way with respect to the traditional methods.

The main task for a user when faced with an e-learning system is to learn.
This is a rather abstract process. As such, professionals in the assessment of
User Experience (UX) should significantly increase their efforts when dealing
with such environments. Authors such as Squires point out the need to incorpo-
rate ease of use into learning in computer tools, and also point out the lack of
reciprocity between the areas of Human Computer Interaction (HCI) and edu-
cational computing [2]. An educational application can be useful, but not in the
pedagogical sense and vice versa [3–5].

c© Springer International Publishing AG 2017
A. Marcus and W. Wang (Eds.): DUXU 2017, Part III, LNCS 10290, pp. 167–179, 2017.
DOI: 10.1007/978-3-319-58640-3 13



168 A.F. Aguirre et al.

In this sense, it is necessary to make use of a model that is consistent with
the new challenges implied in UX evaluation, in particular evaluation of user
satisfaction in e-learning environments. For this purpose it has been found that
ISO/IEC 25010 provides a definition that contemplates different nuances of gen-
eral user experience that can be fully adapted to the human-computer system,
including computer systems in use and software products in use [6]. Within this
standard, satisfaction is divided into four sub-characteristics intended to identify
user needs when using a system in a specific use context [6]: utility, confidence,
pleasure and comfort. Although a product is satisfactory in one given use con-
text, it may not be in another with different users, tasks or environments [7].
Therefore, it is considered important to focus more on the set of factors that
determine the nature of an e-learning system, since these are the main compo-
nents for adapting the satisfaction sub-characteristics established in ISO/IEC
25010 within the e-learning context. The adaptation of these sub-features will
allow the defining of the parameters necessary to evaluating user satisfaction in
e-learning environments.

2 User Satisfaction

2.1 Satisfaction in UX

Due to the current boom in technology use in society, it is logical that the satis-
faction of the end user becomes the primary conditioner for the success or failure
of any interactive system. In the event that the user does not achieve their objec-
tives or the software does not meet their needs, they will simply abandon it in
search of an alternative, from the competition [8]. User satisfaction is a complex
concept, difficult to delimit, but of paramount importance since it will model
the UX, making possible or preventing the achievement of its objectives [9]. In
this context, several efforts have been made by the HCI community to establish
the factors influencing satisfaction, to be able to manage them well in designing
interfaces [10]. One of the widespread concepts that aid this aim is usability,
which also seeks to provide elements for measuring the degree of satisfaction
as well as the efficiency and effectiveness with which specific users can achieve
specific objectives, in specific contexts of use [11,12]. Some authors extend this
concept and establish two dimensions of usability: objective or inherent usabil-
ity and subjective or apparent usability ([9,13,14] cited in [8]). The first refers
to the functional or dynamic part of the interface and focuses on how to make
the product easy to understand and learn (efficiency and effectiveness) [8,15].
Subjective usability, on the other hand, is more related to the visual impression
of the interface, which the user perceives by means of design, aesthetics and
interaction with the interface (user satisfaction) [8,14,15].

However, recent research has indicated that the usability of a product may
not be the only, or even the main, determining factor in user satisfaction [16,17],
due to the fact that in recent years there has been evolution in interactions
between user and different interactive systems, in which this has gone from
being a purely functional interaction, determined by the efficiency and effective-
ness of the use of the product, toward being a sensory vision projected through
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pleasure, the subjective nature of the experience, the perception of a product
and the emotional responses [16–18]. Thus, user satisfaction cannot be analyzed
as an attribute of usability; instead, usability must be understood as a factor in
the consolidation of elements that tend to satisfy user satisfaction [8]. UX then
becomes a holistic view of interaction with a product [18], as it comprises the full
set of effects brought about by the use of a product, including aesthetic expe-
rience, sense experience, emotional experience, and other aspects that involve
user satisfaction [17].

2.2 Satisfaction in UX with E-Learning

Evolution in the concept of user satisfaction and in the understanding toward
UX, also extends to teaching and learning systems. However, while virtual edu-
cation is becoming one of the most representative approaches in the Internet
[19], most studies conducted on evaluations of e-learning systems have provided
minimal participation in UX aspects [20], reflected in educational applications
having higher dropout rates compared to traditional courses led by an instruc-
tor. Many reasons may explain these high dropout rates, such as the relevance of
the content, the level of comfort with the technology, the availability of technical
support, etc., but one important factor is the lack of cognitive and emotional
characteristics such as guidelines in the development of learning spaces with
valid designs [1,21]. Consequently, evaluation studies of UX in e-learning are
scarce [21].

Within such a scope, UX comprises an essential element in the ability of
the student to acquire knowledge and competences in a satisfactory way. The
evaluation of UX also therefore becomes a means of support so that learning and
teaching processes are productive, since its objective is to design systems that
are intuitive from which users can interact easily with e-learning systems and
focus on acquiring the knowledge and skills provided in their training [22]. The
less effort devoted to understanding and learning the functionality of the system,
the more the student can devote to learning [23]. It should also be noted that one
of the relevant aspects considered in UX - and in the particular case of e-learning
have a substantial role - are emotions [24]. Several studies point out that emotions
have a decisive influence on the motivation, attention span and performance
of the student [25–27]. Therefore, in evaluating user satisfaction of e-learning
systems, it is important to treat the affective qualities involved as an inherent
component of UX, since these compromise the functional and non-functional
attributes of a system, functional ones being understood as those related to
usability, utility and accessibility, while in the case of the non-functional ones,
these refer to aesthetic, symbolic, and motivational qualities, among others [25].

3 Traditional Approaches for the Assessment of User
Satisfaction

User satisfaction assessment methods in e-learning are complex both in practice
and in research [28] and are usually focused from a pragmatic perspective, in
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which assessment of the efficiency and effectiveness of an interactive system take
precedence; or instead, they are oriented toward assessing the quality of the
teaching, in the same way as happens in a traditional classroom [28,29]. This
constant fluctuation between preferences in the way in which user satisfaction is
assessed in e-learning causes fundamental aspects to be neglected that are part
of the interaction with these systems and that require to be assessed. Following
from this then is a compilation of the literature from two approaches:

3.1 Evaluation of User Satisfaction in Interactive Systems

User satisfaction can be considered as the main parameter in the use of inter-
active systems [30]. From this point of view, several studies implement different
types of work related to usability and user satisfaction [30]. However, many of
these do not provide details on the questionnaires used for assessing satisfac-
tion [9], several even rethinking the constructs and measures of user satisfaction,
omitting validated and readily available questionnaires [9,30]. Among some of
the questionnaires widely used in industry and academic environments are found
the following described in Table 1.

Although these measures are widely used, their diagnostic value is dimin-
ished on comparison with more specialized measurement instruments, i.e. those
based on particular aspects of a given context [43]. Although many authors sup-
port this premise, very little has been done to examine critically and in-depth the
implications and specificities of assessing UX in e-learning (particularly user sat-
isfaction) [44,45]. For this reason, there is a constant need in UX professionals to
base their research on virtual educational contexts, on instructional models, and
on learning styles, among other aspects that determine the quality of learning
in e-learning systems. These fundamentals are one of the main reasons why it is
necessary either to define new UX evaluation techniques in e-learning [44] or to
complement existing ones. In addition to the elements of context, emotions are
another critical conditioner in interaction with e-learning systems, given their
value in cognitive processes. It is therefore crucial to consider the emotional
states of users within the assessment parameters [44].

3.2 Evaluation of User Satisfaction in E-Learning

In the literature, a great number of studies measure various user satisfaction
factors in e-learning systems. They usually focus on the quality of teaching and
learning. However, these measures are not appropriate for an e-learning context,
since the role of an “e-learner” is different from that of a traditional learner [28].
This special group of users (e-learners) has a unique view regarding satisfaction
[29]. Table 2 shows some important research that has focused its efforts toward
the definition of factors that affect user satisfaction in e-learning systems.
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Table 1. Instruments for evaluating user satisfaction in interactive systems

Instrument Description

QUIS Questionnaire for User Interaction Satisfaction is a tool developed by
researchers at the University of Maryland Human-Computer Interaction
Lab. Designed to assess the subjective satisfaction of users on specific
aspects of the human-computer interface [31]. The current version,
QUIS 7.0, available in print and web in multiple languages [32], assesses
the user’s overall satisfaction in 6 hierarchically organized facets in each
of the nine interface-specific factors defined in this tool: screen factors,
terminology and system feedback, learning factors, system capabilities,
technical manuals, online tutorials, multimedia, teleconferencing and
software installation [32,33]. Each facet, in turn, consists of a pair of
semantic differentials arranged on a 10-point scale [31,34]. The
questionnaire is designed to be adjusted according to the analysis needs
of each interface, in which only sections of interest can be considered

SUMI Software Usability Measuring Inventory is a method of evaluating the
quality of software that allows measuring satisfaction and assessing user
perception [35]. SUMI is a commercially-available questionnaire for
assessing usability of software developed, validated and standardized on
international databases [35,36]. This method is referred to in standards
ISO 9126 [37] and ISO 9241 as a recognized tool for evaluating user
satisfaction via five dimensions of usability: efficiency, affection, utility,
control, and learning [36]. This tool is also available in several languages
[35,36]

WAMMI Website Analysis and Measurement Inventory is an online service that
emerged from SUMI. Both were developed at the Human Factors
Research Group (HFRG) at University College, Cork. Unlike SUMI,
which is designed for the evaluation of desktop software applications,
WAMMI focuses on evaluation of websites [34,38]. This instrument
consists of 20 questions that use 5-point Likert scales as answers [34,39]
and makes it possible to create a questionnaire and link it to WAMMI
classification scales [34]. The result of a WAMMI analysis is a measure
of “global satisfaction” [49] that is divided into 5 dimensions [34,39] -
attractiveness, control, efficiency, utility and learning - as well as
providing an overall usability score

MUMMS Measuring Usability of Multi-Media System was developed by the same
group that designed SUMI and WAMMI. MUMMS consists of a
questionnaire that enables assessment of quality of use for multimedia
software products [40]. Measurement aspects are the same as those
SUMI takes account of and it incorporates a new one related to the
user’s emotional perception toward the use of the system. This tries to
capture information about the fascination the multimedia application
exerts on users [40]

SUS System Usability Scale is an interesting variation of the traditional
questionnaires. It presents a combination of statements written
positively and negatively, so that the user really pays attention to each
of their answers [41,42]. SUS consists of a 10-item questionnaire, each
with a Likert scale of 5 (or 7) points, which provides an overview of
satisfaction with the software [41]
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Table 2. Proposals for assessing user satisfaction in e-learning systems

Author Description

Sinclaire [46] Bases its study in the framework of quality of the Online
Learning Consortium (formally Sloan Consortium) that
identifies determinants in the overall satisfaction of the
students with the online learning, related to: interaction and
communication, course design, learning, and individual
self-efficacy factors of students and the ability to control the
pace of individual learning

Liaw [47] The results of their research showed that perceived
self-efficacy is a key factor influencing student satisfaction in
e-learning. Perceived utility and perceived satisfaction
contribute to the intention of students to use e-learning
systems. Furthermore, the effectiveness of the e-learning
system can be influenced by multimedia teaching, interactive
learning activities, and the quality of the system

Wang [28] Based on evaluation scales, efficacy of teaching, and user
satisfaction, Wang conducted an exploratory study aimed at
students of an e-course. The results of his work showed a total
of 17 items applicable to the measurement of student
satisfaction. These can be classified in the following
dimensions: content, personalization, learning community, and
student interface

Arbaugh [48] In his study, this author considers as attributes that influence
user satisfaction perceived utility and ease of use, flexibility of
the e-learning system, interaction with class participants, use
of the platform by the student, and gender

Thurmond et al. [49] Refers to such aspects as computer literacy, courses taken,
initial knowledge of e-learning technology, age, receipt of
comments in time and form, availability of different
assessment methods, scheduled discussions, teamwork, and
relationship with instructors

Wont et al. [50] In order to assess usability of e-learning systems, the authors
take account of the following factors: feedback from the
e-learning system, coherence, error prevention,
performance/efficiency, user like/dislike, error recovery,
cognitive load, internationalization, privacy, and online help

Ardito et al. [45] In this paper, a methodology is set out for the evaluation of
educational applications, in which effectiveness and efficiency
are proposed as evaluation principles and considered from
four dimensions: presentation, hypermedia, proactivity of the
application, and user activity

Piccoli et al. [51] These authors emphasize the importance of factors such as
motivation, comfort toward technology, attitudes to technology,
epistemic beliefs, teaching styles, self-efficacy, availability,
control, among others; they affect directly and decisively a
student’s satisfaction with virtual education systems
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4 Assessment of User Satisfaction in E-Learning Systems
from ISO/IEC 25010

In response to the different problems and gaps that exist in the evaluation of
user satisfaction in e-learning systems, the need arises to define the attributes
that ought to be considered for evaluation. This approach is described below:

4.1 Attributes for Assessing User Satisfaction in E-Learning

To define the assessment attributes, a contextualization of each of the sub-
characteristics of user satisfaction defined in ISO/IEC 25010 is carried out.
For this purpose, the following treatment has been carried out on each sub-
characteristic of satisfaction:

Utility. This corresponds to the degree to which a user is satisfied with the
perceived achievement of pragmatic goals, including the results and the conse-
quences of the use [6].

According to this concept, it is necessary to establish what will be considered
as pragmatic goals. Hassenzahl [18], states that a product is perceived as prag-
matic if it provides an efficient and effective means for achieving the objectives.
In this sense, a student could have a large number of objectives when interact-
ing with an e-learning system. However, in general terms the main objective of
the student is to learn [52]. Consequently, it is considered that the pragmatic
objectives will be directed to favor the learning process in such a way that this
is achieved in a simple, fast way, using the least possible amount of resources.

To find a match for the above, studies are referred to from which the prag-
matic goals of the student can be obtained and the usefulness thus determined
of interacting with an online learning environment. An example of work suited
to this purpose is the TAM Model [53], which emphasizes perceived utility, a
concept that has been adapted by different authors and brought to the context
of online learning environments [54–57]. Pragmatic objectives can be abstracted
from these studies, such as performing learning tasks easily and quickly, facilitat-
ing the learning of course content, and improving learning performance, among
others no less important.

Trust. Trust is understood as the degree to which a user has confidence that a
product or system will behave as intended. Nevertheless, given that confidence
is part of user satisfaction, which compromises a more generalized concept that
is subject to the specific context of use [6], there is a clear need to consider
elements from this context (in this case e-learning) that define a construct that
supports confidence.

Consequently, the components that would become part of this purpose are
obtained from instructional design, particularly the work of Keller [58], who has
made several contributions to the subject and is considered one of the most rep-
resentative authors in this area [59]. Keller proposes a model of four categories



174 A.F. Aguirre et al.

that make up the motivation of a student. These correspond to Attention, Rel-
evance, Confidence and Satisfaction (ARCS) [58]. In this model, confidence is
defined as strategies that help develop positive expectations for the achievement
of student goals in e-learning, in such a way that the apprentices experience their
successes as relating to their efforts and not to external factors such as luck or
the difficulty of the task [58].

Moreover, from the perspective of interaction between a user and a software
system, trust is positively affected by ease of navigation within the environ-
ment [60,61] and good use of visual design elements [4]. The model of confidence
treated in [62] states that when an interface is consistent in terms of visual
appearance, elements of interaction (buttons, menus, etc.), navigation, and ter-
minology, this increases user confidence. Likewise, it has been identified that
aspects such as lack of control by the user [62] and curt, non-constructive error
messages ([63] cited in [62]) have a negative impact on user confidence.

Pleasure. The degree in which a user gets pleasure from fulfilling their personal
needs [6]. Such needs may include needs to acquire new knowledge and skills,
communicate personal identity and provoke pleasant memories [6].

Hassenzahl, one of the most influential researchers in the area of UX, compiles
a list of the 8 psychological needs of humans, based on the needs proposed
by Sheldon et al. [64]. In addition there are widely recognized studies, arising
from outwith the psychology that support them: [65–68]. These needs involve
the dimension of pleasure as the confirmation of the possibilities of a desirable
event [64].

According to Hassenzahl’s studies, stimulation, identification and evocation
are considered important needs in the context of interactive technologies, and in
turn correspond to the hedonic attributes that underlie pleasure [18]: influence -
popularity, pleasure - stimulation, and sense - self-realization.

Comfort. This is related to the degree to which the user is satisfied with the
physical comfort [6]. Jordan [69] and Tiger [67] establish that physical comfort
is determined by the pleasures derived directly from such the senses, such as
touch, taste and smell. This sub-characteristic of satisfaction will not actually
be taken into account because of its apparent weak connection with conventional
interaction styles in e-learning and its inability to emerge as a clear need for the
present study.

Based on the above, the suggested approach allows a combination of inter-
face design, the motivation construct in learning, and user experience. Thus, by
including these structures within the UX evaluation process of e-learning sys-
tems, a more objective and accurate approach is obtained of both the pragmatic
and hedonic objectives implicit in student satisfaction.
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5 Conclusions

The absence of robust and reliable mechanisms for translating user needs into
design features is a factor that considerably limits the assessment process of a
system, resulting in a high degree of uncertainty in the results of the evaluator.
Generally, this is due to the fact that the process is based on the experience of
the evaluator and on his abstraction capacity, since it is based on the intuition
and subjective criteria of the evaluator.

The way in which the different characteristics and sub-characteristics set out
in ISO/IEC 25010 are defined (in particular satisfaction and its corresponding
sub-characteristics) highlights the versatility of the standard to adapt it to a
given context. This quality also facilitates the understanding of the elements of
the context required to define the assessment parameters.

The need to redefine processes related to the assessment of user satisfaction in
interactive systems, in particular e-learning systems, is evident, since traditional
user studies focus on objective parameters, associated with measurable and veri-
fiable aspects in an interactive product, neglecting hedonic components that are
part of user satisfaction and are directly related to the degree of involvement
and motivation that a person shows when using an e-learning system.

The majority of research related to the evaluation of user satisfaction in
e-learning are oriented to considering satisfaction in a subjective way. In the
present study we propose the integration of different structures that complement
each other, in order to deal with the particularities implicit in the design of e-
learning systems: learner-centered design, instructional design, and UX. This
aspect allows a holistic view regarding the components that are part of the
evaluation of user satisfaction in e-learning systems.

Current practice in the evaluation of UX suggests that the choice of UX
measurement instruments is difficult and that the conclusions of some usability
studies are weakened by the elements that they evaluate and by the way in
which they use UX evaluation measures to provide support to the quality in use
of software products. Suggestions on how to respond to identified challenges can
provide tools that facilitate UX evaluation from an emotional perspective, and
in turn establish more valid and complete UX measures regarding the perception
of a student when faced with using an e-learning environments.
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