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Abstract

In recent years, due to the widespread use of the Internet, online enrollments have been growing

year after year. As a result, online education has become a real alternative to traditional face-to-

face (F2F) instruction. One of its main advantages is the possibility of learning at any time and

any place. To allow this flexibility, the whole teaching-learning process is carried out by means of

a virtual learning environment (VLEs) which replaces the physical classroom. Due to the absence

of F2F interaction between students and teachers, VLEs provide tools and resources to deliver,

track and manage teaching and learning processes. Consequently, these systems inevitably play a

significant role in online education. Thus, developing effective VLEs has become a great challenge.

Although VLEs are well-established tools, some researchers argue that most of these platforms

are designed from an IT rather than educational approach. In consequence, the teaching-learning

process that is conducted through these systems may not be as effective as it is expected. For this

reason, this thesis focuses on identifying those elements which may improve the effectiveness of

VLEs when they are used in fully online courses. To achieve this objective, this dissertation has

employed the design and creation research strategy which is characterized by including a systems

development methodology. More specifically, this research work has used three data generation

methods (documents, questionnaires and interviews) and prototyping.

First of all, a document-based research allowed to know the implications of online delivery for

education as well as the main features, needs and barriers of online students and teachers. Next,

eight of the most popular VLEs were analyzed by focusing on their pedagogical approach, infor-

mation structure and interface. This analysis revealed the lack of a sound pedagogical approach

in the core of their designs which affects the functionalities, information structure and interface.

Based on the main conclusions drawn from the document-based research, a set of recommen-

dations/heuristics is proposed so that designers and developers have a simple instrument which

allows them to create effective VLEs for online teaching-learning. To evaluate the suitability of

each recommendation, these were put into practice by means of three prototypes of an ad hoc

VLE called AdVisor, which also included a monitoring tool called FACRO. In this regard, a sample of

students tested AdVisor in a real scenario and, afterward, assessed the suitability of the heuristics

through a questionnaire. Furthermore, eight teachers were interviewed to know their opinions.

In general, the results have shown that the recommendations are suitable, especially those re-

lated to self-regulation (to guide learners through the course and to help them to be aware of their

learning process), providing multiple views and giving a student monitoring tool to teachers.
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Explanatory notes
In this section, some explanatory notes to make the reading of this document easier are presented.

Format

Acronyms

A list of all acronyms used in this dissertation can be found in page xxix. Nevertheless, most of

the acronyms are expanded when first used in the text.

Bold and italic type

Important concepts, sentences and results are emphasized in bold and italic type.

Italic format

Italics are used for emphasis. Thereby the term or sentence in italics is clear.

Decimal numbers

Decimal numbers whose whole-number part is zero, e.g. 0.589, can be found in any part of this

dissertation as .589, i.e. without writing the digit zero.

Quotations

Text in quotation marks and italics shows literal sentences that were said by a person or ex-

tracted from a questionnaire or interview.

Relevant facts of the thesis

This type of box contains information that is relevant to the thesis, e.g. assumptions,

research questions, objectives, clarifications, important conclusions, etc.

Definitions

Definitions are highlighted with this kind of box.

. This box enumerates a set of items that will be addressed below.
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xxxiv Explanatory notes

Terms

Continuous assessment assignment (CAA)

The term continuous assessment assignment (CAA) will be used to describe that learning ac-

tivity which students must do obligatorily during the semester, not in exams. The grade of each

CAA is included in the students’ final grade.

Lastly, it is worth stressing that the assessment model of the UOC is based on CAAs.

Difference between the terms teacher and teaching collaborator at the Universitat Oberta de

Catalunya (UOC)

Teachers are in charge of the design of the course and are the people responsible for the course,

whereas teaching collaborators are facilitators that guide students during their learning process.

As a result, teachers do management tasks and stay in the background, while collaborators per-

form teaching tasks (e.g. grading, clearing up doubts, etc.) and communicate with learners. There-

fore, teachers coordinate a network of teaching collaborators that play the role of the typical

teacher to which educational community is used.

Learning outcomes and course objectives

The terms learning outcomes and course objectives are used interchangeably in this work.

Online

Unless said otherwise, the term online is used as a replacement of the phrase fully online.

S/he

The term s/he can be read as she or he. Likewise, the pronouns she and her are usually used

to refer to a person, regardless of her gender.

Terms to refer to teachers and students

The words teacher, instructor, lecturer and facilitator will be used interchangeably. The same

is applicable to the words student and learner.

Virtual Learning Environment (VLE) and other similar terms

Although the term Virtual Learning Environment (VLE) is widely employed, other names such

as learning management system (LMS), course management system (CMS), learning content man-

agement system (LCMS) and technology-enhanced learning environment (TELE), are used inter-

changeably in the literature. The term VLE will henceforth be used in this thesis.

Statistics

Frequency tables, bar charts, pie charts and box plots

In Appendices D, E and F, frequency tables, bar and pie charts contain no response answers,

whereas box plots do not.



1 Introduction

This first chapter is devoted to giving the reader an overview of the present thesis. To this end, the

following sections will be covered:

• The motivation and problem statement of this research work (see section 1.1).

• The main research objective along with the principal research questions and sub-goals (see

section 1.2).

• A brief summary of the context in which this thesis was conducted (see section 1.3).

• The research strategy that was performed (see section 1.4).

• An outline of how this dissertation is structured (see section 1.5).

1



2 Chapter 1. Introduction

1.1 Motivation and problem statement

In recent years, society has undergone a radical change because of the use of Information and

Communication Technologies (ICT), especially the Internet. This has implied a shift in the way in

which people do daily tasks, i.e. to purchase things, search for information, interact with friends,

etc. Likewise, education, due to its close relationship with society, has been affected by technol-

ogy too. In this regard, the use of new technologies has allowed teachers to move beyond the

blackboard by creating new learning activities supported by computers, e.g. webquests and wikis.

Moreover, ICT have enabled to devise new teaching-learning modalities such as online education

(also known as e-learning), which can be defined as follows:

Online Education

Educational modality that integrates the use of ICT into the teaching-learning process,

providing high quality educational offerings at the same time that it allows for convenient

and flexible learning environments, without space, distance or time restrictions.

(Seufert et al., 2002)

Nowadays, online education is emerging as a very popular teaching-learning approach, as evi-

denced by the fact that the number of online students increases every year . In this regard, Figure

1.1 shows that the percentage of online enrollments (i.e. learners who take at least one online

course) in relation to the total enrollments in the USA post-secondary institutions tripled in eight

years, this went from 9.6% in 2002 to 31.3% in 2010. Likewise, European online universities have

also increased the enrollments in recent academic years (see Figure 1.2). For example, in 2011, the

number of students at the Universitat Oberta de Catalunya (UOC), a Spanish fully online university

(where this thesis was carried out), was 3.75 times more than that in 2000.

As seen, there is clear evidence to venture to say that there may be a high demand for on-

line courses in the future and, in consequence, online education may even become as important

Figure 1.1: Evolution of online enrollment, as a percentage of total enrollment, in post-secondary institu-

tions from fall 2002 to fall 2010 in the United States of America (USA). Source: (Allen and Seaman, 2011).
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Figure 1.2: Evolution of the number of students in different European online distance universities from

2000 to 2011. Sources: (OU, 2011; UAb, 2011; UNED, 2011; UOC, 2011).

as face-to-face (F2F) instruction. For this reason, more and more universities and schools have

taken a firm step toward their virtuality in recent years. Some of them have even achieved robust-

ness, sustainability and critical mass to such an extent that it can confidently be asserted that they

are lasting providers that will not likely go away. In order to refer to these well-established online

institutions, Paulsen (2007) coined the term megaprovider of e-learning, for which he established

two requirements: (1) to have more than 5000 online enrollments per year or more than 100 on-

line courses on offer at any time, and (2) at least 51% of a program was fully online. Moreover,

Paulsen identified 26 European megaproviders in 2007. Some of them were: The Open University

(United Kingdom), Universidade Aberta (Portugal), Universidad Nacional de Educación a Distan-

cia (UNED) (Spain), Universitat Oberta de Catalunya (UOC) (Spain), etc.

Despite its fast growth, online education, unlike traditional F2F instruction, is still in its infancy.

Actually, many teachers and institutions have not yet realized either the potential or the particu-

larities that the online environment has. For example, a lot of instructors continue to preserve and

translate the learning materials used in F2F lectures to the online classes (Sheely, 2006).

One of the most notable differences between online and F2F education is the replacement of

the physical classrooms with virtual learning environments (VLEs). These systems provide, due to

the separation between students and teachers that exists in online education, tools, services and

resources to deliver, track and manage the whole teaching-learning process. For this reason, VLEs

inevitably play an important role.

Nevertheless, the design of most of these platforms is based only on IT guidelines, being de-

tached from any pedagogical approach (Govindasamy, 2002; Laanpere et al., 2004, 2012). In con-

sequence, their effectiveness decreases, since technology itself cannot improve learning process.

In other words, a VLE which does not take educational aspects into account is a mere vehicle that

cannot satisfy online students’ and teachers’ requirements effectively.

Because online enrollments continue increasing and VLEs are a key element during the online

teaching-learning process, there exists the need to develop VLEs whose designs go beyond the IT

standards. To this end, it is required taking account of facts, findings and proofs that are the

result of a systematic research on online education.
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1.2 Research objectives and questions

The principal aim of this thesis is:

Main research objective

To provide designers and developers with a set of recommendations (or heuristics) that

helps them to create VLEs which are effective for fully online education.

In order to achieve the previous research objective, investigations regarding the following re-

search questions were conducted:

Q1. What implications does online delivery have in the teaching-learning process?

The fact that online education revolves around the use of the Internet and new technolo-

gies implies a set of advantages and potential problems. For this reason, it is essential that

teachers, VLE developers, teaching practitioners and institutions know the strong and weak

points of the online environment. In this thesis, a literature review was performed so as to:

(1) identify the implications of online delivery for teaching and learning, and (2) compare

online and F2F education in terms of students’ performance and satisfaction.

Q2. What characteristics, needs, preferences and barriers do online students have?

The main goal of education is to ensure that students learn new knowledge and skills. As a

result, in order to guarantee successful outcomes, any learning resource (e.g. lecture notes,

tools, etc.) must always be designed by taking students into account. As this thesis focuses on

designing effective VLEs for online teaching-learning, it is essential to know online learners’

characteristics to meet their needs and preferences as well as reducing potential problems

that they may have. In this regard, an in-depth analysis on online students was carried out.

Q3. What role do online teachers play and what problems may they find?

In addition to the student, another important agent in any learning process is the teacher.

Once again, the difference in the delivery mode implies that teaching is different when this

is carried out online or F2F. Nowadays, many lecturers are used to teaching students who

attend classes in physical classrooms at a certain time. Due to new technologies, this has

changed and, hence, teachers should adapt their strategies to the online environment. Be-

cause online teaching has its own particularities, it is important to identify which is the role

of the teacher, what requirements they may have and what problems they may have during

the teaching process. These three aspects were studied by means of a literature review.
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Having answered the previous three questions (i.e. Q1–3), it was identified a comprehensive

set of aspects that should be taken into consideration when teaching online. Subsequently, the

following research question was addressed:

Q4. To what extent are the current VLEs effective tools for fully online teaching and learning?

The goal of answering this question was twofold:

• To identify the gap between the functionalities that current VLEs offer and online stu-

dents’ and teachers’ needs and preferences.

• To detect if current VLEs take advantage of the potential of ICT and the online environ-

ment.

The response of this question was very important, because it focused on the main research

topic of this thesis: virtual learning environments (VLEs). Actually, it was a barometer of the

significance of this research. To answer the aforesaid question, eight of the most popular

VLEs were analyzed.

Given that the aim of this research is to help designers and developers to create effective VLEs

for online teaching-learning, two objectives were established:

O1. To propose a set of recommendations which helps to create effective VLEs for fully online

education

Based on the results from the research questions Q1–3 and other research works, it has been

created a set of recommendations (or heuristics) that synthesizes the most important aspects

that should be taken into consideration when designing a VLE for fully online education.

This set has been organized into three categories that corresponded with the three corner-

stones of any VLE: (1) pedagogy (or educational functionalities), (2) information structure

(or course organization), and (3) usability (or interface).

O2. To evaluate the suitability of the proposed recommendations in a real fully online scenario

In addition to proposing a series of recommendations based on a comprehensive literature

review, these heuristics were evaluated by real learners and teachers, more specifically, mem-

bers of the UOC community. To this end, an ad hoc small VLE, called AdVisor, and a student

monitoring tool, called FACRO, were developed based on the recommendations suggested

in this thesis (see objective O1).

As seen, this thesis makes a contribution to online education and, more specifically, to the

design of virtual learning environments (VLEs).
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1.3 Context

This thesis was written as a part of my work in Interactive Tools for Online Learning (ITOL), a

research group which belongs to the Universitat Oberta de Catalunya (UOC). Moreover, all the

experiments were conducted at this university. Next, the UOC and ITOL are described briefly.

1.3.1 Universitat Oberta de Catalunya (UOC)

The Universitat Oberta de Catalunya (UOC) is a Spanish fully online university which was founded

by the Catalan government in 1994. Its aim was to meet the educational needs that society began

to have at that moment, e.g. retraining, lifelong learning, etc. To this end, the UOC has been using

ICT so as to offer flexible courses that allow students to perform a fully online learning process,

regardless of their residence, age, availability for studying and so on. In this regard, the UOC has

had its own virtual campus since the beginning. This virtual campus allows learners to do non-

educational tasks (e.g. enrollment, payment, etc.) as well as accessing to virtual classrooms. In

other words, this replaces the traditional campus where student life happens.

As it has been shown in Figure 1.2, the UOC has undergone a remarkable growth in the number

of enrollments since its inception: this has gone from 16.000 students in 2000 to over 60000 during

the 2010-2011 academic year (UOC, 2011). This growth has been due in part to the fact that the

UOC has settled in other areas beyond the Catalonia. In 2000, it expanded to Spain and Latin

America countries and, more recently, it has begun to offer its courses in other markets, such as

English and French-speaking countries.

Apart from being present in many countries and its more than 17-year existence, the UOC has

a large catalog of more than 850 qualifications. Thanks to these figures, the UOC is, together with

the UNED, one of the two main online universities in Spain and a European megaprovider of e-

learning (see page 3). For all of these reasons, the UOC was a suitable scenario for doing this thesis

and drawing well-founded conclusions. For more information about the UOC, see Appendix A.

1.3.2 Interactive Tools for Online Learning (ITOL)

Interactive Tools for Online Learning (ITOL) is an emergent research group that was founded in

the IT, Multimedia and Telecommunication Department of the UOC in 2007. Its research mainly

focuses on designing and developing effective educational tools and resources for online teaching

and learning. Hence, ITOL’s research areas are totally aligned with the interest of the UOC and any

outcome from its research can directly be used to improve the UOC’s teaching-learning process.

ITOL is a multidisciplinary group that consists of 9 members who belong to different areas of

knowledge: computer science, pedagogy, multimedia, etc. At present, Carlos Monzo, PhD is the

principal investigator.

Finally, regarding this dissertation, it is worth saying that two ITOL members, Eugènia Santa-

maría, PhD (former principal investigator) and Jose Antonio Morán, PhD are the thesis directors.
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1.4 Research strategy

This section first justifies and describes the research strategy that was employed in this thesis. Sec-

ondly, it is explained how that research strategy was put into practice during the research period.

To do it, this section is made up of the following two subsections:

.

• Design and creation

• Research strategy outline

1.4.1 Design and creation

As said already, the main research objective (and contribution) of this thesis is to provide a set of

recommendations for creating VLEs that are effective for online education (see section 1.2). To

achieve this goal, two stages should be done. Firstly, to propose a set of recommendations (i.e.

research objective O1) and, secondly, to evaluate its suitability (i.e. research objective O2). As it can

be observed, the second stage requires putting the recommendations into practice. To do it, a VLE

should be developed to be used as a vehicle for evaluating the suitability of the recommendations.

Due to the necessity of creating a VLE, this dissertation needed to use a research strategy that

included the development of IT applications. In this regard, design and creation research strategy

satisfied this requirement and, hence, it was employed in this work. This can be defined as follows:

Design and creation research strategy

Combination of a systems development methodology and a research methodology based

on one or more research strategies that use one or multiple data generation methods.

(Oates, 2006, Chapter 8)

As for the research methodology of this thesis, this consisted of two research strategies. More

specifically, design and creation itself was used alongside survey (see Oates, 2006, Chapter 7).

Moreover, both quantitative and qualitative data generations methods were employed:

Data generation methods used in this thesis

• Document-based research (see Oates, 2006, Chapter 16)

• Questionnaires (see Oates, 2006, Chapter 15)

• Interviews (see Oates, 2006, Chapter 13)
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With regard to the systems development methodology, the most popular approaches for de-

veloping IT systems are: (1) waterfall, and (2) prototyping. In this thesis, prototyping was chosen.

Broadly speaking, this is an iterative method that consists of the following steps:

Steps of prototyping

1. A first version of the system is analyzed, designed and implemented.

2. This is tested either conceptually (called proof of concept) or contextually (proof by

demonstration if the context is restricted, otherwise real-world evaluation).

3. The understanding gained from the evaluation of the results is used to revisit the

analysis, design and implementation stages and create an improved version of the

prototype.

4. Go back to the step 2 if the prototype has not reached a satisfactory implementation

or it has not proven some hypothesis.

1.4.2 Research strategy outline

Firstly, it was needed to get an overview of fully online education. This meant, on the one hand,

understanding the implications of online delivery for education (question Q1) and, on the other,

being aware of the features, needs and preferences of online students (Q2) and teachers (Q3). To

this end, a comprehensive literature review based on a document-based research was carried out.

Next, eight virtual learning environments (VLEs) were analyzed according to their underlying

pedagogy, information structure and interface. Subsequently, it was discussed to what extent cur-

rent VLEs meet the requirements of online education (Q4).

From the knowledge acquired from answering questions Q1–3 and by taking other researchers’

investigations into consideration, a set of recommendations for designing effective VLEs was pro-

posed (objective O1). Based on this set, an ad-hoc small VLEs called AdVisor was created by means

of an iterative prototyping process. During this process, 3 prototypes were developed. Each pro-

totype was tested by UOC students in a real-world evaluation. At the end of each prototype test,

a questionnaire was sent to the learners so as to evaluate the suitability of each of the suggested

recommendations (O2) and, at the same time, to detect problems to be improved in the following

version of the platform.

Likewise, the last version of AdVisor was introduced to 8 teachers who participated in an indi-

vidual semi-structured interview. The principal aim was to evaluate those recommendations that

were closer to instructors. In this regard, in addition to AdVisor, it was presented the first version

of a monitoring tool, called FACRO, which allowed the instructors to track the learning process of

their students. Moreover, the teachers were also asked to evaluate the rest of recommendations.
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1.5 Thesis outline

To report the work, this dissertation has been divided into six chapters which are aligned with the

aforementioned research strategy (see Figure 1.3):

• Chapter 2: it mainly describes the implications of online delivery for the teaching-learning

process (research question Q1). Moreover, it identifies the characteristics of online students

and teachers as well as the potential barriers that they may find (questions Q2 and Q3).

• Chapter 3: this chapter focuses on virtual learning environments (VLEs). It first defines the

basis on which a VLE should be built and then it analyzes eight of the most important VLEs

that exist today. Finally, it is discussed to what extent the current VLEs are effective tools for

fully online education (question Q4).

• Chapter 4: it proposes a set of recommendations whose aim is to develop VLEs that are

suitable for fully online teaching-learning (objective O1). These heuristics are based on the

conclusions drawn from the Chapters 2 and 3 as well as the results of other research works

related to this topic.

• Chapter 5: it describes each of the three prototypes of AdVisor and analyzes the question-

naires that were filled in by the students at the end of each prototype test (objective O2).

Moreover it explains the results of evaluating the last prototype of AdVisor and the first ver-

sion of FACRO through eight semi-structured interviews with UOC teachers (objective O2).

• Chapter 6: this last chapter summarizes the main contributions of this thesis and suggests

possible ideas for future research.

Figure 1.3: Overview of the thesis’ structure.
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2 Online

education

This chapter aims to gain a better understanding of the issues related to online education in order

that the learned knowledge is the basis on which this thesis is built. To this end, the following

topics will be addressed:

• What distance education is and how it has evolved. Likewise, online education is defined

based on distance education’s definition (see section 2.1).

• The main implications of online delivery for the teaching-learning process (see section 2.2,

this section responds to the research question Q1).

• Comparison between online and face-to-face education in terms of students’ performance

and satisfaction (see section 2.3, research question Q1).

• Agents that participate in online education (see section 2.4). Four of the five participants are

studied in detail:

– Online learners are profiled. Likewise, the main factors that contribute to a successful

or failed experience are described (see section 2.4.1, research question Q2)

– The role of online teachers is analyzed by taking account of the main learning theories

that they can use, the tasks that they are expected to perform and the potential barriers

that they may find (see section 2.4.2, research question Q3).

– The principal implications that online education has for institutions (see section 2.4.3).

– Virtual learning environments (VLEs) and personal learning environments (PLEs) as re-

placements for physical classrooms (see section 2.4.4).

11
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2.1 Online education, a mode of distance education

Online education is a modality of learning that belongs to the category of distance education (DE).

For this reason, this section defines the concept of DE and reviews its evolution in the course of

time until the advent of online education.

2.1.1 What is distance education?

Different researchers have proposed a definition for distance education (DE), amongst which Kee-

gan’s definition stands out.

Distance education

Distance education (DE) is a generic term that is characterized by the following features:

• The quasi-permanent separation of the instructor and the student throughout

the teaching-learning process: this characteristic distinguishes DE from conven-

tional F2F education.

• The influence of an educational organization: one of the differences between DE

and private study and teach-yourself programs is the presence of an educational

institution that watches over learning materials and provides student support.

• The use of technical media: DE uses different technical resources both to deliver

learning content (e.g. print, audio, images, video, etc.) and to establish a communi-

cation between students and teachers (e.g. mail, telephone, computer, etc.).

• The provision of two-way communication (also known as student-instructor inter-

action): this allows learners to benefit from it or even initiate dialog. Thanks to the

two-way communication is easier to support the educational process, e.g. to moti-

vate students and clarify any misunderstanding.

• The quasi-permanent absence of the learning group: DE does not compel students

to join the learning group (i.e. the class) if they do not want. Hence learners are

usually taught as individuals and not in group. However, there exists the possibility

of occasional meetings for both didactic and socialization purposes.

(Keegan, 1990, p. 44)

Although this definition dates from 1990, the features that it indicates are still valid. Neverthe-

less, due to the evolution of distance education, some of them have undergone some changes. For

instance, thanks to current ICT, not only does student-instructor interaction exist at present, but

also student-student. Thereby, individual learning is combined with collaborative learning.
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2.1.2 Evolution of distance education: from the mail to the computer

Although distance education (DE) has recently experienced a huge growth of enrollments thanks

to its online mode (see section 1.1), this has existed for more than a century. Obviously, DE has

undergone significant changes in the course of time, especially due to the evolution of ICT. In this

regard, three generations of DE can be distinguished according to the main technologies employed

for delivery (Garrison, 1985; Garrison and Anderson, 2003; Nipper, 1989):

.

• First generation – Correspondence

• Second generation – Telecommunications

• Third generation – Computer

Next, each of them is described briefly. Likewise, Table 2.1 summarizes and compares the three

generations at the end of this section. Finally, in addition to describing the aforesaid generations,

an overview of forthcoming DE generations is provided.

2.1.2.1 First generation – Correspondence generation

The first steps of DE date back to 1833 (Baath, 1985, cited in (Garrison, 1985)) and were possible

thanks to the combination of printing and postal service. This first generation of DE provided

people with the opportunity to study anytime and anywhere. Nevertheless, because communica-

tion took place through correspondence only, the student-teacher interaction was slow and tire-

some due to the delay of receiving letters. This implied that there was very little scope for inter-

action between the learner and the teacher. Moreover, the lack of more modern communication

tools limited the interaction among students. In consequence, this model promoted individual

learning. Nowadays, correspondence is still prevalent as a form of DE.

2.1.2.2 Second generation – Telecommunications generation

The use of devices that were able to transmit information electronically over a distance meant the

beginning of a second generation of DE. These devices took advantage of radio, optical or other

electromagnetic channels to transmit or receive signals for voice, video, data, etc. Some of the

most notable devices were: radio and television broadcasts, audio and video cassettes, and other

multimedia devices such as CD-ROMs and DVDs. These new technologies meant the emergence

of new learning materials, e.g. simulations, video and audio tutorials, etc.

On the other hand, the advent of telephone made student-teacher interaction faster. However,

the synchrony of telephone conversations limited the flexibility of time that distance students re-

quired. As a result, many learners could not use the telephone to interact with their teachers. In

such cases, mail was used instead. Therefore, the interaction between faculty and learners was

done via telephone calls and mails.
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2.1.2.3 Third generation – Computer generation

The advent of the Internet marked the beginning of a new DE generation. The Internet, taken in

conjunction with new devices (e.g. computers, smartphones, etc.), has increased the potential of

DE by allowing to create new ways of teaching and learning.

One of the main contributions of this generation to distance education is related to commu-

nication. In this regard, the Internet has allowed, in addition to student-teacher interaction, the

exchange of messages among classmates, which has meant a shift from one-to-one to many-to-

many communication. This is something that has been virtually impossible in distance education

until now. According to Harasim (1989), this possibility of many-to-may communication moti-

vated the use of a new term: online education.

2.1.2.4 New generations

Distance education continues to evolve, so much so that some researchers today talk about new

generations. In this regard, Taylor (2001) divides the computer generation into three:

• Telelearning generation: this is based on applications of telecommunication technologies

to provide opportunities for synchronous communication, e.g. videoconference.

• Flexible learning generation: this promotes the flexibility through self-paced learning. To

this end, it focuses on online delivery via the Internet (e.g. access to WWW resources) and

asynchronous computer-mediated communication (CMC) tools, e.g. e-mail, forums, etc.

• Intelligent flexible learning generation: this expands the previous generation and tries to

capitalize on the features of the Internet and the web so as to provide students with a valuable

personalized pedagogical experience, e.g. to develop customizable campus portal interfaces,

automated courseware production systems, automated pedagogical advice systems, etc.

Generation1 Main delivery mode Learning resources Interaction mode

First Correspondence Books and lecture notes on paper Mail

Second Electronic devices
Radio, TV, audio and video

Telephone and mail
cassettes, CD-ROMs and DVDs

Third Internet
Webs, remote labs, multimedia e-mail, forum,

resources, ... chat, ...

1 A generation can use delivery and interaction modes as well as types of resources that belong to the previous ones.

For example, a course based on the third generation model can send books to its students via postal service.

Table 2.1: Generations of distance education.
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2.1.3 Definition of online education

Based on Keegan (1990)’s definition (see section 2.1.1), Paulsen (2003) defined the term online ed-

ucation by emphasizing that the use of computer networks in the third and fourth characteristics

is what distinguishes online education from the rest of DE modalities.

Online education

Online education is characterized by:

• Separation between teachers and learners.

• Influence of an educational organization.

• The use of a computer network to present or distribute some educational content.

• The provision of two-way communication via a computer network so that students

may benefit from communication with each other, teachers and staff.

(Paulsen, 2003)

As seen, the Keegan’s quasi-permanent absence of a learning group has been excluded from

this definition, since the use of CMC tools enables collaborative learning, which has been seen as

one of the greatest advantages of online education compared to the previous generations of DE.

Two types of education can clearly be distinguished so far: face-to-face (F2F) and distance

(namely, online). However, thanks to the Internet, new possibilities have emerged, positioning

themselves in the boundary between F2F and distance (see Table 2.2).

Although web facilitated and blended courses have a proportion of online delivery, this thesis

only focuses on (fully) online courses (i.e. 100% online). Henceforth, the term online will be used

in this work as a synonym of fully online.

Course type % online Description

Traditional or
0%

Course with no online technology used. Content is delivered in

writing or orally. Likewise, students must attend class physically.face-to-face

Web facilitated 1-29%
Course that uses web technology to facilitate what is essentially F2F,

e.g. teachers upload resources that are used in class to a web.

Blended or
30-79%

A substantial amount of class sessions is taken online, whereas the

rest of lectures are held F2F.hybrid

Online 80-100%
Most or all of the content and activities are delivered and performed

online. Class attendance is almost or fully non-existent.

Table 2.2: Course classification based on the amount of online content. Source: (Allen et al., 2007).



16 Chapter 2. Online education

2.2 Implications of online delivery for teaching and learning

As seen in section 2.1.2, the evolution of technology has been the principal factor that has involved

changes in distance education (DE). As explained in section 2.1.2, DE is in its third generation,

which revolves around the Internet. At this point, it is worth asking the following question: what

implications does online delivery have in the teaching-learning process? (i.e. research question

Q1, see section 1.2). Next, some of the most important implications of online delivery and new

technologies for education are described. More specifically:

.

• Flexibility of place and time • Facilitate critical analysis

• Self-paced learning • Instructors are more accessible

• Self-assessment • Plurality

• Accommodate different learning styles • Development of computer skills

• Promotes student-centered approach • Sharing and reuse of learning materials

• Increase of participation • Support to teaching tasks

2.2.1 Flexibility of place and time

Online delivery removes reliance on physical attendance, since learning materials are available

24/7 and asynchronous communication tools enable students not to have to attend classes to-

gether (Cheong, 2001). This, taken in conjunction with the use of mobile devices (e.g. laptops,

smartphones, etc.), allows each student to learn at her convenience, i.e. anywhere and anytime

(Cheong, 2001; Dirckinck-Holmfeld et al., 2009; Vivoda, 2005). This flexibility is particularly bene-

ficial for those learners who are unable to attend traditional classes, such as people with disabilities

(Maeroff, 2003) or who live in remote areas (Bigony, 2010).

2.2.2 Self-paced learning

The flexibility of place and time involves each student regulating her own learning process. In

consequence, each learner has her own pace regardless of her classmates’. For example, if a stu-

dent understands a concept at the first attempt, she does not need to wait for her classmates to

understand it. By contrast, if she finds a concept hard, she can spend more time on assimilating it.

2.2.3 Self-assessment

Thanks to several tools, such as Hot Potatoes1 and JClic2, teachers can create tests with different

types of questions (e.g. multiple choice, crosswords, fill in blanks, etc.) to which the students can

1 http://hotpot.uvic.ca
2 http://clic.xtec.cat/en/index.htm
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access at any time and from any place. Furthermore, an advantage of online tests is that they can

provide immediate feedback, which may motivate and guide learners (Horgen et al., 2005). In fact,

the results of the tests give the learners information about their academic achievement. These

data in turn can be used by the students to regulate their learning process.

2.2.4 Accommodate different learning styles

There are web-based tools, like adaptive educational systems, which detect the student’s learning

style and provide her with courses that fit it. For example, as most people tend to use one of their

senses more than the others when they learn, many learning style models take account of learn-

ers’ perception/modality preferences, i.e. visual, auditory, kinaesthetic and tactile (Coffield et al.,

2004). Due to its idiosyncrasy, an online course can explain the same concept by using a wide

range of types of resources (e.g. text, image, audio, video, simulation, remote lab, etc.) and thereby

its content can adapt to the modality preference of each student.

2.2.5 Promotes student-centered approach

As observed in the previous implications, the intrinsic characteristics of the online environment

promote a student-centered learning approach in which the student assumes primary responsi-

bility for her learning process and the teacher helps her to attain the expected learning outcomes.

As a result, each student may have a very personalized learning experience.

2.2.6 Increase of participation

The nature of CMC tools (e.g. e-mail, forums and chat) affects students’ interaction and partici-

pation. Thanks to these tools, each learner has the same opportunity to express herself by posting

messages regardless of her popularity, voice volume, level of extroversion, etc. Hence, CMC tools

offer students equal opportunities to communicate (Warschauer, 1997).

As a result of aforesaid equalizing effect, the participation of the students may increase, since

shy learners can feel more comfortable expressing their ideas online than speaking in an F2F class.

In this regard, besides CMC tools, web 2.0 applications like blogs and wikis also help to increase

participation, because not only can teachers edit content, but students can also do it (Dirckinck-

Holmfeld et al., 2009). This engages students in an active learning experience that is far from the

typical passive attitude of traditional F2F classes.

2.2.7 Facilitate critical analysis

Asynchronous communication tools (e.g. e-mail and discussion forums) give learners extra time

to analyze and reflect on content, their opinions, questions and answers before writing. Hence,

asynchronous discussions facilitate critical analysis and reflection on thoughts and things learned

in the course, thereby allowing to compose thoughtful responses (Althaus, 1997; Yukselturk, 2010).
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2.2.8 Instructors are more accessible

Learners in F2F courses are forced to arrange an appointment with their teachers during their of-

fice hours. In consequence, F2F office hours are infrequently used by students (Bippus et al., 2003).

By contrast, thanks to asynchronous tools, online students can send messages to teachers at any

time and from any place. This ease of communication increases the student-teacher interaction

compared to that of F2F education based on office hours (Li et al., 2011; Tu, 2000).

2.2.9 Plurality

While students in an F2F classroom usually have the same background, the use of ICT allows to

put people from different countries and cultures together in the same classroom (Cheong, 2001).

This undoubtedly enriches the students’ learning experience.

2.2.10 Development of computer skills

As the whole teaching-learning process is carried out through computers (or similar devices) and

the Internet, online learners may improve their computer literacy (Bigony, 2010). Moreover, stu-

dents can use the new computer skills that they have acquired in other facets of their lives.

2.2.11 Sharing and reuse of learning materials

Thanks to the Internet and the digitalization of contents, it is easy to share learning materials with

any consumer, i.e. teachers, learners and institutions. Moreover, once teachers have done the

learning content, they can reuse it for the same course next time.

At present, the creation of learning objects based on standards and the existence of repositories

seem to be the solution to facilitate the sharing and reusing of learning material (Ochoa, 2005).

2.2.12 Support to teaching tasks

According to a study conducted by Wang (2009), the teachers found some functions of VLEs (e.g.

grade calculation, automatic tests, etc.) useful to help them to save much time and effort.

Furthermore, some of these functionalities can assist instructors in better managing student

progress. For example, the outputs of synchronous and asynchronous activities as well as any ac-

tion of the students (e.g. number of posted messages) are stored in logs, databases, etc. Thus, if

these data are perfectly preserved and are easy to manage, then these can be used by the teachers

to forecast/detect problems and take immediate actions to prevent/overcome them (Mazza and

Dimitrova, 2004). This certainly differs from F2F instruction, in which the teacher is the responsi-

ble for collecting all the information that she needs.
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2.3 Comparison between online and face-to-face education

Many researchers have conducted experiments to evaluate the quality of both teaching-learning

modes in terms of students’ performance and satisfaction, i.e. they have studied if online delivery

affects some of these two aspects compared to their results in F2F delivery (research question Q1,

see section 1.2). This section gathers the results of some of these experiments.

2.3.1 Students’ performance

Several studies have been conducted to analyze students’ performance in online and F2F courses.

For instance, Friday et al. (2006) carried out an eight-semester study in two undergraduate man-

agement courses (678 online learners and 669 traditional students). At the end of the experiment,

they concluded that there was no statistically significant difference in the students’ performance.

Likewise, Ury et al. (2006) conducted a study that included 1326 students (362 online) enrolled

in seven courses that belonged to a Computer Science and Information Systems curriculum. They

observed that online students in three courses, which served multiple majors and minors, ob-

tained a significantly lower average grade than that of F2F learners. However, in the other four

courses, which served upper-level majors, no significant differences in performance were found.

Dolan (2008) conducted a quasi-experiment in which she taught the same course online and

F2F. The students did not have differences regarding sex, grade point average and reason for taking

the course. At the end of the study, she observed that there was a significant difference in scores on

all components except the first exam. In each case, online students got better grades. For instance,

the final course grade for the F2F and online students was, on average, 77 and 81/100, respectively.

Larson and Sung (2009) performed a study with 168 students who took the Principles of Man-

agement Information Systems course. Of the 168 students, 63 participated in an F2F class, 22 were

taught online, and 83 took the course in a blended format. To determine if there was difference in

the students’ performance depending on the delivery mode, students’ exam scores and final class

grade were used. The conclusion was that there has been no significant difference.

The main conclusion from the literature reviewed here is that it is not possible to assert whether

F2F is better than online delivery or vice versa due to the disparity in the results of the studies. Ac-

tually, it seems that the delivery mode does not have as much influence on students’ performance

as other factors (e.g. learning materials, motivation, educational background, teaching style, etc.).

Although students’ performance cannot be considered better in a delivery mode or another,

there is evidence that the dropout rate in online courses is significantly higher (Malikowski, 2005;

Smith-Gratto, 1999). For instance, Diaz (2000) in his study observed a dropout rate for online and

F2F learners of 13.5% and 7.2%, respectively. Murray (2001), in turn, reported that the Washington

State Community College online program had an attrition of 30% for online students and 15% for

F2F learners. In the same way, Dutton et al. (2001) studied two classes of the same course, one

was taught F2F and the other was online. Their results revealed substantial differences: 20.6% of

online students did not finish the course, whereas the attrition was 6.4% for F2F students. As seen,

high dropout rate in online education is a persistent problem that must be tackled.
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2.3.2 Students’ satisfaction

Students’ satisfaction is difficult to measure due to its level of abstraction/subjectivity. However,

there are studies that analyze it. Some of them ask learners some questions about their satisfac-

tion, whereas others ask teachers about their perception of their students’ satisfaction.

Roach and Lemasters (2006) conducted an experiment with 6 online courses from which two

were also taken F2F. These authors reported that the online courses were rated highly by the stu-

dents. However, the two courses that were delivered both F2F and online obtained better results

in the traditional format, i.e. face-to-face instruction.

During the 2005-2006 academic year, Dolan (2008) simultaneously taught a section of a course

both fully online and F2F. She saw that there were very few real differences in terms of students’

satisfaction between F2F and online delivery. However, Dolan noted that several items related to

communication (e.g. if the instructor’s presentations were clear, if the teacher clearly communi-

cated what was expected of students in the class, etc.) obtained lower scores in the online course.

Similarly, Negash and Vanderieft (2008) carried out an analysis with over 200 students from

eight disciplines in order to compare F2F instruction with three online modalities: asynchronous,

synchronous and hybrid. They did not find significant difference in students’ satisfaction.

The Sloan Consortium’s 2011 annual report (Allen and Seaman, 2011), in turn, indicates that

62.5% of academic staff perceived that the level of students’ satisfaction was about the same for

both online and face-to-face courses (see Figure 2.1). 22.6% found students’ satisfaction in F2F

instruction higher (i.e. somewhat superior or superior). By contrast, only 14.9% considered that

the level of satisfaction was higher in online courses.

In conclusion, although some studies show that the learners’ satisfaction in online delivery is

sometimes a little bit lower than that of F2F when the courses are taken in both formats, it cannot

be concluded that there is significant difference between both teaching-learning modes in terms

of students’ satisfaction.

Figure 2.1: Perceived students’ satisfaction in online and F2F postsecondary courses in the United States

of America (USA) in 2011. Source: (Allen and Seaman, 2011).



2.4. Participants in online education 21

2.4 Participants in online education

In the same way that F2F instruction, online education mainly has two participants: the student

and the teacher . In addition, another agent can be identified: the content (i.e. learning material,

resources, activities, etc.). Bearing these three participants in mind, Moore (1989) defined three

types of interaction in which a distance student engages:

• Student-instructor: this interaction mainly focuses on stimulating and guiding students as

well as clarifying any misunderstanding regarding the content.

• Student-student: this occurs between two or more students with or without the real-time

presence of an instructor. This interaction promotes collaborative learning.

• Student-content: it is the process of intellectually interacting with the content, e.g. reading

a text, doing an exercise, etc.

Apart from these three types of interaction, some authors such as Hillman et al. (1994) have

added student-interface interaction to the list due to the increasing use of advanced technology

(e.g. VLEs, CMC tools, etc.). Likewise, formal learning requires the presence of an institution (i.e.

school, university, etc.) that watches over the quality of the degrees and, at the same time, supports

learners and teachers. The existence of this agent is mentioned by Keegan and Paulsen in their

definitions of distance (see section 2.1.1) and online (see section 2.1.3) education, respectively.

To sum up, learners interact with five agents (see Figure 2.2): classmates, teachers, content,

technology (or interface) and institution. These five agents also give rise to other types of inter-

actions such as those defined by Anderson and Garrison (1998): teacher-teacher, teacher-content

and content-content.

The rest of this section will focus on four of the five aforementioned agents, since the content

of the courses is out of the scope of this thesis. Moreover, regarding technology, this section only

will deal with virtual classrooms.

Figure 2.2: Types of interaction in which an online student engages.
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2.4.1 Online learner

The first question that arises is: do online learners have the same profile as face-to-face students?.

The answer is clearly NO. This question could be reformulated like this: what characteristics,

needs, preferences and barriers do online learners have? (i.e. research question Q2, see section

1.2). According to Dabbagh (2007), determining the characteristics and the educational needs of

online learners may not necessarily guarantee success in a distance education course, but this can

be helpful for teachers to understand:

.

• Who is likely to participate in online learning

• What factors or motivators contribute to a successful online learning experience

• The potential barriers deterring some students from participating in or success-

fully completing an online course

Next, this section analyzes the three previous issues to answer the research question Q2.

2.4.1.1 Who is likely to participate in online learning?

Broadly speaking, the current online student is very different from the traditional one. This be-

comes apparent when the profile of a typical online learner is described:

Current online students’ profile

Gilbert (2000, p. 74) defines the archetype of the current online student as follows:

• Over 25 years old

• Employed

• They have some higher education experience

• They are equally probable to be male or female

Moreover, according to Dutton et al. (2002), they are more likely to:

• Have childcare responsibilities

• Be lifelong learners

• Commute more than 10 miles to campus



2.4. Participants in online education 23

Examples of this profile can be found in different online universities (Lladós, 2009; OU, 2011;

UAb, 2012; UOC, 2011). For instance, in the 2010-2011 academic year, over 85% of the UOC stu-

dents were older than 25 (see Figure 2.3a). This figure reached around 88% at The Open University

(United Kingdom). As far as the Univerisade Aberta (Portugal) is concerned, about 15% of its stu-

dents were younger than 31 years old in 2011-2012 (see Figure 2.3a). Likewise, the number of on-

line learners who work full or part-time during their studies is high: 95% at the UOC in 2008-2009

and over 71% at The Open University in 2010-2011. Moreover, a large amount of learners have uni-

versity experience before enrolling. As proof of this, in the 2008-2009 academic year, around 75%

of UOC students either held a degree (44.6%) or had not finished their university studies (30.6%).

Finally, the number of men and women enrolled in online courses is almost the same, but the

percentage of females seems to be a little bit higher (see Figure 2.3b).

(a) Breakdown of students by age

(b) Breakdown of students by gender

Figure 2.3: Students’ profile at the UOC (2010-2011) and the Universidade Aberta (2011-2012). Sources:

(UAb, 2012; UOC, 2011).
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Nowadays, this profile depicts the majority of online learners, defining a homogeneous group.

As seen, this group mainly consists of adult men and women with responsibilities (e.g. they must

work, take care of children, etc.) who are over 25 years old. This may be why most of these people

see online learning as the approach that better adapt to their requirements, as evidenced by the

fact that they rate class conflict with work, reducing commuting time, and flexibility in studying as

being the most important aspects in their choice of the course format (Dutton et al., 2002).

Although the aforesaid profile continue to represent most of online learners, more and more

young people have been enrolling in online courses in recent years and they will soon represent a

sizable portion of the population of online students (Dabbagh, 2007). They belong to the Genera-

tion Y (i.e. born 1980-2000), which has grown up surrounded by computers, video games, mobile

devices, the Internet, etc. This has meant a big discontinuity between this generation and the pre-

vious ones, especially regarding the use and the familiarity with digital technologies. As a result of

this digital immersion, Gen-Y students act and think completely different. Actually, there is such

a difference that Prensky (2001) coined the terms digital natives and digital immigrants to refer to

the Generation Y and the previous ones, respectively.

Characteristics of digital native students

Students who belong to the Generation Y are different from the previous ones because:

• They are used to receiving information really fast

• They like parallel processes and multi-task

• They prefer graphics to text

• They prefer random access (e.g. hypertext) to sequential access (e.g. book)

• They function best when they are networked

• They thrive on instant gratification and frequent rewards

• They prefer games to “serious” work

(Prensky, 2001)

Due to their mentality, digital native students, unlike current online learners, are enrolling in

online courses not because these are the only alternative, but rather because these are their pre-

ferred option (Thompson, 1998).

As observed, the increase of digital natives in online courses will bring new issues which may

involve significant changes in the teaching-learning process.
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2.4.1.2 What factors contribute to a successful online learning experience?

Determining the factors that positively influence student achievement in online courses can be

difficult. What works for one student may not work for another learner (Martens et al., 2007).

Although each student is different, it seems that there are certain qualities that help to complete

an online course successfully. Some of these factors are:

.

• Self-regulation skill

• Learner’s motivation and strong academic self-concept

• Interaction

• Computer literacy

Self-regulation skill

As seen in section 2.2.1, online delivery provides flexibility in terms of time and place so that any

student can adapt her learning process to her personal situation (e.g. family, work, etc.). In this

regard, the traditional teacher-centered paradigm is not adequate for online education, since

this treats all learners as if they were the same and forces them to do the same things in the same

amount of time (Watson and Watson, 2007). Instead, a student-centered approach best meets

online learners’ requirements. However, this approach requires students to assume primary re-

sponsibility for their learning process (Dabbagh and Kitsantas, 2004). This responsibility, in turn,

implies that learners must have a lot of self-discipline and initiative in order to finish an online

course successfully (Kearsley, 2002). In other words, online students must be self-regulated.

Pintrich (2000, p. 453) defined self-regulated learning as “an active, constructive process whereby

learners set goals for their learning and then attempt to monitor, regulate, and control their cogni-

tion, motivation, and behavior, guided and constrained by their goals and the contextual features

in the environment”. Recent research studies demonstrate a strong relationship between online

students’ academic success and the use of self-regulated learning strategies (Barnard-Brak et al.,

2010; Puzziferro, 2008; Steffens, 2006).

Learner’s motivation and strong academic self-concept

The fact that students are motivated is an important factor both in F2F education and in online

learning so as to avoid dropouts and attain a high performance. In this regard, Ryan and Deci

(2000) distinguish between extrinsic motivation, which refers to the performance of an activity to

attain some separable outcome (e.g. to pass the course, to obtain a diploma, etc.), and intrinsic

motivation, which refers to doing an activity for the inherent satisfaction of the activity itself. As

far as intrinsic motivation is concerned, this implies features such as curiosity, deep-level learning,

exploratory behavior and self-regulation. In this regard, a study of Hayenga and Corpus (2010)

shows those students with high intrinsic and low extrinsic motivations outperformed their peers.
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Likewise, some researchers, such as Liu (2010), have found a high positive relationship between

academic self-concept and motivation. Academic self-concept refers to individuals’ knowledge

and perceptions about themselves in academic achievement situations (Wigfield and Karpathian,

1991). Furthermore, studies like (Muijs, 1997) have reported positive correlation between aca-

demic self-concept and performance.

Hence, there is some evidence to think that those students who have a high motivation and a

strong academic self-concept are more likely to have a better performance.

Interaction

Some studies, such as (Gabriel, 2004), state that students learn from the interactions with their

classmates. In this regard, Swan (2002) observed that student-instructor and student-student in-

teractions influenced learners’ success positively. Moreover, Taylor (2002) found that those stu-

dents who had been workers (i.e. who had actively engaged in the class activities) or lurkers (i.e.

who had mainly observed the workers’ interactions) obtained similar grades, whereas shirkers (i.e.

who had not participated directly or indirectly) failed. Similarly, a study of Davies and Graff (2005)

revealed that those students who failed in their courses had tended to interact less frequently.

Therefore, studies like the previous ones prove that it is important that the students partici-

pate in the online classrooms, because both direct and indirect interaction with classmates or

instructors is an essential factor for a successful completion.

Computer literacy

Taking an online course requires a basic understanding of computers, including applications like

word processing and spreadsheets, as well as how the Internet works (Kearsley, 2002). If the stu-

dents have this knowledge, they reduce the appearance of any undesirable eventuality when they

use the learning tools. Moreover, they may avoid feeling frustrated and, hence, they have fewer

reasons for dropping out.

2.4.1.3 Potential barriers that online students may find

Although online education provides learners with a large amount of benefits, a lot of students

may, unfortunately, have to face some hurdles. These obstacles can lead learners to get low grades

or even drop out. Next, this section describes some of the most relevant barriers that have been

identified by the researchers:

.

• Feeling of isolation • Lack of self-regulation skills

• Confusion, anxiety and frustration • Absence of technical skills

• Cognitive overload • Technical problems
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Feeling of isolation

Despite the virtual presence of classmates and teachers in the VLEs and CMC tools, many online

students may feel isolated. This may complicate the learning process, above all, for adult students

(Galusha, 1997). The impersonality of the tools as well as the suppression of some communication

mechanisms, like body language, may be some of the factors that contribute to this feeling.

Confusion, anxiety and frustration

According to Hara and Kling (2000), a lot of learners may feel confusion, anxiety or frustration due

to the perceived unclear feedback, ambiguous instructions and lack of prompt from the teacher.

Likewise, situations such as the ones where teachers are not available on demand or course mate-

rials are not delivered on time may cause anxiety.

Cognitive overload

Students can suffer from cognitive overload because of the complexity of the platforms, the course

organization, the unnecessary information that is displayed, etc. (Aidi, 2009). Hence, if learners

receive more data than their processing capacity, they may easily get lost and deviate from learning

goals (Da, 2010).

Lack of self-regulation skills

As already said, online education gives students the control of their own learning. This requires

learners to have self-discipline and self-regulation. However, lots of students need help to learn

these skills, since most of them are not able to achieve these abilities on their own (McInnis et al.,

1995; OECD, 2004). The lack of these abilities, taken in conjunction with demotivation, may mean

a high dropout rate.

Absence of technical skills

Some students have difficulty in learning online because of their low level of computer skills, their

fear of new technologies, their unfamiliarity with basic software (e.g. word processing), etc. This

absence of technical skills may cause the students many problems or even lead them to be ex-

cluded from learning process inadvertently (Galusha, 1997).

Technical problems

Learners can suffer from technical obstacles which may cause frustration or anxiety, e.g. inconsis-

tent platforms, slow or unreliable Internet connections, lack of technical assistance, etc. Although

institutions make an effort to avoid these adversities, some of them inevitably arise during the

teaching-learning process.
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2.4.2 Online teacher

Because online students are different to F2F learners, the role of online teachers also has to be

different to that of traditional lecturers. This section tries to answer research question Q3 (see

section 1.2): what role do online teachers play and what problems may they find?. To this end, it

deals with the following topics:

.

• Learning theories

• The role of the online teacher

• Potential barriers that a lecturer may find

2.4.2.1 Learning theories: from Behaviorism to Constructivism

Learning is a complex process that has generated numerous interpretations of how it is effectively

accomplished (Ertmer and Newby, 1993). In this regard, a learning theory is an attempt to give

a general explanation about how people learn. The way in which learning is defined and how it

is thought that learning occurs have important implications. For this reason, any teacher must

understand the strengths and weaknesses of the different learning theories to optimize their use

in the instructional design of a course. At present, three learning theories are widely used:

.

• Behaviorism

• Cognitivism

• Constructivism

Next, these three theories are briefly explained. The core of the following explanations is in-

spired by (Anderson et al., 2004; Ertmer and Newby, 1993; Schunk, 2011).

Behaviorism

The main goal of this theory is to efficiently transmit knowledge from the instructor to the stu-

dents. To this end, Behaviorism describes learning as an objectively observable change in behav-

ior, as opposed to internal events like thinking. Therefore, according to this learning theory, stu-

dents learn when there is a change in their behavior. For this reason, learners are characterized as

being reactive to conditions in the learning environments. Such a characterization implies that

students’ behavior is determined by the environment, becoming the result of a stimulus-response

association. This association was researched by Skinner (1938) based on Thorndike (1898)’s work.

Skinner (1938) coined the term operant conditioning to identify this association. Broadly speak-
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ing, operation conditioning involves changing students’ behavior by means of the use of the rein-

forcement which is given after the desired response. As a result of this view of learning, Behavior-

ism defines the learning process as follows:

1. Learners observe the information and acquire facts, concepts and skills.

2. Response: learners perform a particular behavior.

3. Stimulus: students receive reinforcement through a reward system which gives them either

a prize for positive/expected behavior or a punishment for bad/unexpected behavior.

As seen, the role of the teacher is to provide stimulus and indicate the correct response, while

learners are forced to repeat the previous learning process until the behavioral change is perma-

nent/inherent. Such a learning process suggests that Behaviorism tends toward a teacher-centered

approach in which there are no opportunities for students to express their own ideas.

As can be seen in the article by Ertmer and Newby (1993), the stimulus-response association

is mainly useful to the learning that involves discrimination (e.g. to recall facts), associations (e.g.

to apply explanations), generalizations (e.g. to define and illustrate concepts) and chaining (to

automatically perform a specified procedure). However, it is generally agreed that Behaviorism is

wholly inadequate to predict and explain complex human phenomena like language, memory and

behavior (Bargh and Ferguson, 2000). Therefore, higher-order tasks, such as problem solving and

critical thinking, are difficult to teach/learn by using Behaviorism’s tenets.

In conclusion, it could be said that Behaviorism is suitable for training rather than educational

programs, because it stimulates surface learning, knowledge reproduction and the repetition of a

behavior as reinforcement of it.

Cognitivism

Cognitivism emerged as a response to Behaviorism in order to argue that people are not like ani-

mals that merely respond to environmental stimuli, but they are rational beings that require active

participation so as to learn and whose actions are a consequence of thinking. Contrary to Behav-

iorism which exclusively explains learning from environmental influences, Cognitivism stresses

the thought process behind the behavior . This means that Cognitivism sees learning as an inter-

nal process that involves memory, thinking, reflection, abstraction, motivation, and metacogni-

tion (Anderson et al., 2004). Because this process is carried out by the learner internally, students

are regarded as very active agents in the learning process. Consequently, the way that learners at-

tend to, code, transform, rehearse, store and retrieve information as well as their thoughts, beliefs,

attitudes and values are considered key elements of the learning process.

Cognitivists consider memory as the result of learning. For this reason, they defined the Atkinson-

Shiffrin model (or also known as multi-store model) to explain how human memory is structured

and how it works. Specifically, this model proposes that human memory involves a sequence of

three stages (Anderson, 2000; Kalat, 2001): (1) sensory store, (2) short-term memory (i.e. a tem-

porary storage of the recent events), and (3) long-term memory (i.e. a relatively permanent store).

Broadly speaking, this model works as follows:
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1. Senses receive information and save it in the sensory store for less than one second. If this is

not transferred immediately to the short-term memory, then this is lost.

2. The information transferred to the short-term memory remains there for 20 seconds. Due to

this limited capacity, teachers should chunk information into small meaningful units.

3. If the information is not processed efficiently, then this is not transferred to the long-term

memory and is lost. Otherwise, the information is sent to the long-term memory and stored.

Because of the emphasis on the mental structures, the role of teachers focuses on (1) making

knowledge meaningful, (2) presenting learning material in a manner that holds students’ atten-

tion, and (3) helping learners to organize and relate new information to existing knowledge in

memory. To this end, teachers use props (e.g. graphics), methods (e.g. mnemonics, concept maps,

analogies, metaphors, etc.) as well as different strategies (e.g. to review previous learned concepts

on a topic, to connect new and learned concepts, examining, asking, summarizing, etc.).

Due to the features of Cognitivism, this is usually considered more appropriate for more com-

plex forms of learning (e.g. reasoning, problem-solving, etc.) than Behaviorism (Schunk, 2011).

Constructivism

In recent years, Constructivism has become the most popular learning theory. Unlike Cognitivism,

Constructivism does not focus on how knowledge is acquired, but how knowledge is constructed.

In addition, this learning theory considers knowledge as something that is subjective and does not

exist independent of the learner. Actually, it argues that each student constructs her own knowl-

edge based on her beliefs and experiences. This implies that the knowledge built by each student

is true to her, but not necessarily to anyone else.

With regard to how people construct knowledge, there is a variety of epistemological positions

which coexist (Kanuka and Anderson, 1999). Some of these approaches are: (1) Cognitive Con-

structivism (Piaget, 1971), (2) Situated Constructivism, (3) Radical Constructivism (Glasersfeld,

1996), and (4) Social Constructivism (Vygotsky, 1978). Because the objective of this section is to

provide an overview of this learning theory, the differences of the aforesaid positions will not be

discussed. In order to know the details of each of them, the paper (Kanuka and Anderson, 1999) is

suggested. In spite of the differences of each Constructivist position, they all share some assump-

tions, such as (Jonassen, 1991, 1992; Kanuka and Anderson, 1999):

• People construct new knowledge based on what they already know: this means that knowl-

edge construction is not a uniform process that is identical for everyone, but this depends

on each person. Therefore, it cannot be assumed that all learners in a class will understand

new information in the same way.

• Multiple representations, perspectives and interpretations of reality/content should be pro-

vided, because there is no objective reality. For this reason, it is suggested using case-based

instruction, which provides multiple perspectives or topics inherent in the cases.
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• Knowledge construction is an active rather than a passive process. This means that Con-

structivist learning process shifts from being teacher-centered (i.e. where the student is a

container that receives information from the teacher) to being learner-centered (i.e. where

the teacher is a facilitator , not a transmitter of knowledge, who constantly guides each stu-

dent through her learning process).

• Evaluating how students are progressing in the construction of knowledge is more impor-

tant than the resulting product . In other words, Constructivism supports formative rather

than summative assessment (i.e. the coursework is more important than a final exam). Due

to this approach, evaluation becomes a self-analysis tool.

• Instructors should present authentic tasks with real-world relevance and utility. Thus, activ-

ities should match the real-world tasks of professionals in practice instead of decontextu-

alized or classroom-based tasks.

• Language is a key element in the learning process and, hence, the use of communication

skills should be promoted. Thus, activities that enhance learners’ confidence and ability to

express their opinions should be included.

General discussion

As seen, learning theories have shifted their explanations of how learning happens from environ-

mental toward human factors. Likewise, “there has been a change in the focus of instruction from

teaching to learning, and from passive transfer of facts and routines to active application of

ideas to problems” (Ertmer and Newby, 1993, p. 66). Table 2.3 summarizes the main features of

Behaviorism, Cognitivism and Constructivism.

Although Constructivism has become the most widely accepted learning theory at present

(Ally, 2004; Hoic-Bozic et al., 2009; Morphew, 2000), neither of the other two have disappeared

and they each contribute in a different way to the design of courses. Actually, different authors

(Ally, 2004; Anderson and Dron, 2011; Ertmer and Newby, 1993; Hoic-Bozic et al., 2009; Johnson

and Aragon, 2003) argue that all theories should be effectively used to address all learning needs

and aspirations of the students. Thus, the use of one learning theory should not exclude the others

totally, but instructors must understand all of the theories and be able to identify in which learn-

ing situations they are best suited. For example, as proposed by Ertmer and Newby (1993) and

supported by Ally (2004), Behaviorist strategies may be used to teach the facts, Cognitivist strate-

gies may be useful to teach principles and processes, and Constructivist strategies may be suitable

for dealing with real-life and ill-defined problems. In short, teachers should combine learning the-

ories properly by taking many factors (e.g. types of students, goals of the course, content, context,

etc.) into account, so that they can provide their students with a satisfactory learning experience.

Given that the context of this thesis is online education and all of the learning theories can con-

tribute to the online teaching-learning process, the question that arises is: which learning theory

should form the basis of an online instructional design?. Many researchers, such as (Underhill,

2006; Vrasidas, 2004), indicate that there is a strong direction among faculty toward construc-

tivist learning . Some possible explanations for this may be:
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1. Constructivism promotes a student-centered approach in which teachers are facilitators and

students engage in peer learning. As seen, each online learner needs to study at their conve-

nience (i.e. at any place, at any time and at any pace) and, moreover, has her own background

and, in consequence, personal goals.

2. New technologies along with a Social Constructivism allows to make learning interactive and

collaborative (Maor, 2003). As said previously, the use of online communication tools (e.g.

forums, chats, etc.), in addition to increasing the participation of the students (see section

2.2.6), helps students to complete online courses successfully (see section 2.4.1.2). Likewise,

these tools improve the interaction between students and teachers (see section 2.2.8).

3. The fact that most online students are workers is totally in accordance with one of the princi-

ples of Constructivism, since they may immediately apply the knowledge that they have just

acquired in class to real-world situations that occur in their jobs. This increases their motiva-

tion, because they see the relevance and utility of the things they learn. Moreover, students

may understand a concept better, as they learn it from theoretical and practical perspectives.

As observed, it could be said that Constructivism seems to be the learning theory that, in gen-

eral, meets online education’s requirements better . Nevertheless, Behaviorism and Cognitivism

should also be taken into account, because they can be more suitable than Constructivism for

some specific learning activities. For instance, in a Mathematics course, Behaviorist strategies

may be more suitable for learning the tables of derivatives and integrals.

Lastly, it is worth mentioning that Connectivism (Siemens, 2005) has emerged as a new learning

theory. This assumes that knowledge is distributed across a network of people and devices, and,

hence, learning is based on the ability to construct and explore these networks. Thus students do

not have to memorize or even understand everything, but they must have the capacity to find and

apply knowledge when and where it is needed. Although Connectivism has had a certain impact,

some authors like Kerr (2007) argue that it is not radically new at the level of a learning theory.

2.4.2.2 What is the role of teachers in online education?

As discussed in the previous section, Constructivism is the most widespread learning theory in

online education. For this reason, the role of teachers should primarily accord with the principles

of this theory. In addition to this, other aspects such as the implications of online delivery should

also be taken into consideration so that instructors can adapt their teaching styles.

This section describes the role of the teachers in an online environment. This can be divided

into four dimensions (or sub-roles):

Dimensions of the role of the online teacher

• Managerial • Pedagogical • Social • Technical

(Berge, 1995)
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Managerial

This sub-role involves doing tasks that are performed during the instructional design, e.g. to plan

the course, set clear learning objectives, establish procedural rules, etc.

Pedagogical

Because online students should regulate their own learning (see section 2.4.1.2) and they have dif-

ficulty being self-regulated (see section 2.4.1.3), teachers should be facilitators who guide the stu-

dents through the course and arrange meaningful learner-centered experiences (Salomon, 1992).

More specifically, the instructional process of a distance teacher ideally involves (Beaudoin, 1990):

• Diagnosing the student’s readiness to learn.

• Monitoring student progress toward objectives sought.

• Recognizing and discover a student’s learning difficulties.

• Stimulating and challenge students to further efforts.

• Evaluating the quality of a student’s learning.

• Assigning a grade to estimate learning outcomes.

In order to perform this role of guide, instructors should be adept at communicating with stu-

dents and responding to individualized learning styles and motivation (Heuer and King, 2004).

Social

As seen in section 2.4.1.2, the interaction with the classmates is a factor that helps students to

have a successful learning experience. For this reason, online teachers should promote a friendly

environment and a community that supports the students’ learning process. Moreover, they have

to compensate for the reduced sensory cues and the asynchronous nature of online instruction

(Heuer and King, 2004). Hence, this dimension may involve (Berge, 1995; Heuer and King, 2004):

• Promoting human relationships by fostering communities of learners.

• Developing group cohesion and maintaining the group as a unit.

• Helping students to work together in a mutual cause.

• Developing strategies to manage 24/7 communications.

• Maintaining momentum of the dialog over time (especially in asynchronous dialogs).

Technical

Online teachers should be familiar, competent and comfortable with the software that composes

the e-learning environment (McPherson and Nunes, 2004). This sub-role entails, among other

tasks, choosing suitable software to meet the learning goals and helping students to use it.
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2.4.2.3 Potential barriers that online instructors may find

As seen, the role of the online instructor extends the responsibilities and skills required of the ed-

ucator teaching face-to-face (Heuer and King, 2004). This change may cause problems in teaching

which may in turn have a great impact on the learners. Some of the most significant barriers are:

.
• Lack of skills • Lack of effective tools

• Lack of interest in teaching online • Time burden

Lack of skills

Most instructors are used to teaching face-to-face. As a result, some of them lack skills and knowl-

edge to design and teach online classes (Galusha, 1997; Vovides et al., 2007; Vrasidas, 2004; West

et al., 2007). This, taken in conjunction with the low level of computer skills that some teachers

have, may make difficulties for lecturers when they teach online.

Lack of interest in teaching online

Instructor’s attitude, motivation, and true commitment affect the quality of instruction (Deubel,

2003). In this regard, there are mainly two reasons for refusing to teach online: (1) technophobia

and lack of technological skills and, (2) fear of being replaced (Lehman, 1998; Oblinger et al., 2001).

Lack of effective tools

According to Vrasidas (2004), one barrier to teaching online is the lack of appropriate design and

development tools that help faculty to easily plan and deliver online instruction.

Likewise, while in an F2F classroom teachers exercise significant control over the learning pro-

cess and are able to monitor students’ attention and progress closely (Besser and Bonn, 1997), they

have more difficulty tracking their learners in online courses due to the nature of the environment.

Although tools like VLEs are supposed to help the instructors to monitor their students, most of

these display tracking data in a format that is usually poorly structured and difficult to understand

(Mazza and Dimitrova, 2004).

Time burden

Researchers like (Galusha, 1997; Grosse, 2004; Lao and Gonzales, 2005; O’Quinn and Corry, 2002;

Spector, 2005) argue that online courses mean a time burden on teachers. For instance, faculty

spends more time on preparing an online course than an F2F one, since they have to write down

lecture notes, schedule the course in advance, etc. Likewise, many teachers complain that the

online instruction is more labor-intensive in the amount of time to grade papers and respond to

questions (Sellani and Harrington, 2002). On the one hand, more assignments are created to track

students’ progress and, on the other, learners want to receive some feedback as fast as possible.



36 Chapter 2. Online education

2.4.3 Institution

As read in section 1.1, there is clear evidence that a lot of people demand online courses and, con-

sequently, many institutions are taking a firm step toward their virtuality. But, what implications

does online delivery have for the institutions? This section collects some of them:

.

• Infrastructure

• Maintenance and delivery savings

• Scalability

• Staff training

• Globalization

2.4.3.1 Infrastructure

Online delivery requires institutions to invest in technological infrastructure, i.e. hardware, soft-

ware and network technologies. As for software, VLEs along with personal learning environments

(PLEs) are currently used as virtual classrooms that replace the physical ones (see section 2.4.4).

2.4.3.2 Maintenance and delivery savings

Although the initial cost is high due to the investment in technology, learning materials, etc., once

the course is placed online, the running/maintenance cost is negligible for the institution. More-

over, online platforms, like VLEs, enable to upload and download any kind of resource. Hence,

sending learning materials via postal service is not needed any more and costs can be reduced.

2.4.3.3 Scalability

Thanks to the use of virtual classrooms, there is not limited capacity. Thus, the amount of students

who can be enrolled in a class only depends on the teacher’s skill at managing the course. Likewise,

an online scenario allows institutions to easily add/remove instructors as needed, e.g. if there are

many learners in a course, two virtual classrooms with a teacher for each can be created.

2.4.3.4 Staff training

To overcome negative dispositions, it is essential that institutions choose the teachers carefully

and invest in training them . In this regard, teachers must be trained not only to use technology,

but also to shift the way in which they organize and deliver material (Palloff and Pratt, 2000).

2.4.3.5 Globalization

The Internet allows anyone to enroll in any institution regardless of the distance. Hence schools

and universities have a good opportunity to open their frontiers and gain access to new markets.
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2.4.4 Virtual classroom: VLEs and PLEs

Due to the absence of physical classrooms, teachers and students need an alternative place where

the teaching-learning process can be carried out. At present, two approaches can be distinguished:

(1) virtual learning environments (VLEs), and (2) personal learning environments (PLEs).

Broadly speaking, a virtual learning environment can be defined as follows:

Virtual learning environment (VLE)

A software program that provides web-based tools, services and resources to deliver, track

and manage teaching and learning processes for both online and blended delivery.

(McConachie et al., 2005; van Biljon and Renaud, 2009)

As far as PLE is concerned, this is not a software application, but it is a new approach to using

technologies for learning (Attwell, 2007). More specifically:

Personal learning environment (PLE)

A PLE is a mash-up environment used for learning in which students assemble their own

learning environment from existing services and tools.

(Ullrich et al., 2010)

Next, six of the most significant differences between both learning systems are explained. Table

2.4 summarizes them.

2.4.4.1 Manager: institution vs student

A VLE is chosen by the institution unilaterally, without considering students’ opinions. Further-

more, the VLE belongs to the institution which, in turn, manages and maintains the system.

On the contrary, a PLE is based on a web mash-up (e.g. iGoogle, Netvibes, Symbaloo, etc.)

in which students are responsible for managing the whole learning tool. Consequently, a PLE is

independent of any educational institution and its maintenance depends on a third party.

Virtual learning environment (VLE) Personal learning environment (PLE)

Institution manages the VLE Each student manages her own PLE

Integrated (all in one) Customizable (one for each)

Formal learning Informal learning

Walled garden (limited access) Open

Well-established Emergent

Table 2.4: Differences between VLEs and PLEs.
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2.4.4.2 Integrated (all in one) vs customizable (one for each)

A VLE is an integrated system which provides all necessary tools to run and manage an online

course (e.g. discussion forums, management of assignments, etc.). Each VLE has its own tools and

offers all its students the same tools and features with a few customizable options. Examples of

VLEs are Blackboard, Moodle, Sakai, Desire2Learn, etc.

By contrast, each PLE is different for each student, since the learners choose and customize the

collection of tools and services that their PLEs (i.e. web mash-ups) have.

2.4.4.3 Formal learning vs informal learning

One of the main differences is the way in which learning is delivered. In VLEs, learning is organized

in courses that are managed within the platform. Furthermore, all learning activities and materials

of the courses have been created by a teacher previously. In consequence, learners must study the

contents and do the tasks that the instructor suggests.

By contrast, the philosophy behind PLEs is that students are at complete liberty to decide what

they want to learn, the learning goals that they want to attain, where to search information, how to

organize content, etc. Hence, learners are not forced to follow a predefined course, but they find

and create the content of the “course” extemporaneously. The manner in which a PLE is built im-

plies that students do not have courses, but information about topics in which they are interested

that comes from different sources.

As seen, VLEs are specially designed for formal learning that is controlled by an educational

institution (e.g. a university), while PLEs are much more suitable for informal learning in which

the students do not obtain a formal recognition (e.g. a diploma) at the end of the learning process.

Nevertheless, some teachers are currently promoting the use of PLEs as an extension of VLEs.

2.4.4.4 Walled garden (limited access) vs open

The fact that learning in VLEs is formal involves a walled garden approach. This means that any

content that students and instructors upload is all trapped within a particular course. Further-

more, the access to each course is exclusive for the learners who are enrolled in it. Hence, students

can only access to the activities, materials, instructors and whatever element related to the course

while they are registered in it. This also implies that students cannot access to materials when

the course is over. Finally, due to the previous restrictions, the community that participates in the

course is narrowed down to the registered students and teachers.

On the contrary, the information that is displayed in PLEs comes from the Internet. As a result,

all content is open to everybody and can be accessed whenever the user wants. Moreover, informal

interactions based on social tools (e.g. social networks, instant messengers, etc.) allow students to

speak to anybody who uses the Internet, being the “classroom” much bigger than that of a VLE.
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2.4.4.5 Well-established vs emergent

VLEs have been used by a large number of universities since the earlier nineties. Hence, this kind

of platform is very widespread in those courses that perform activities online. As for PLEs, they are

an emergent educational proposal that is possible thanks to the success of web 2.0.

2.4.4.6 Conclusion

VLEs and PLEs are two different technological approaches for online teaching and learning. A VLE

is a well-established and closed system that is suitable for formal and structured learning, whereas

a PLE is not a specific system, but an emergent way of informal and unsystematic learning that is

based on using a customized set of open tools and services which are available on the Internet.

Despite the differences, using a PLE does not have to be totally incompatible with the phi-

losophy of VLEs. For this reason, more and more VLEs are including a limited PLE within their

frameworks. For instance, Blackboard and Desire2Learn provide students with a customizable

homepage that looks like iGoogle. Thanks to this page, students can have a personal and cus-

tomized page that uses external services by means of widgets/plug-ins. For example, Blackboard

has a plug-in that enables users to manage Youtube videos.

Regarding this thesis, its research focuses on VLEs because they are widely used by online in-

stitutions that offer courses in which formal learning takes place, like the UOC. By contrast, PLEs

and informal learning are out of the scope of this work.

2.5 Summary

This chapter presented an overview of the issues surrounding online (distance) education. As seen

in section 2.2, online delivery have many implications for the teaching-learning process (research

question Q1), e.g. it provides both students and teachers with flexibility of place and time. Such

implications inevitably affects the agents that participate, i.e. students, teachers, institution, tech-

nology and content. Consequently, the way of teaching and learning is affected too.

With regard to online students (research question Q2), their profile differs from that of F2F

learners: most of them are currently over 25 years old and have responsibilities (e.g. work, family,

etc.). As a result, they have specific needs such as flexibility of time and place. Likewise, in order to

complete online courses successfully, students should have certain qualities. Among these char-

acteristics, self-regulation skill is one of the most important. However, a large number of learners

do not have this ability. This, taken in conjunction with other factors, may be the causes of the

high dropout rates that online courses have.

Regarding online teachers (research question Q3), they should create courses whose instruc-

tional design is mainly based on Constructivism, since this learning theory promotes a student-

centered approach which adapts better to online learners’ requirements. Such an approach im-

plies that the role of the teacher shifts from a masterful figure to a facilitator who guides students

through the learning process. In addition to this significant change, online delivery adds social and
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technical skills to the traditional pedagogical and managerial roles of instructors. Unfortunately,

many instructors do not have the necessary abilities to do all these new tasks and, therefore, they

may need some help when designing and teaching online courses. In this regard, the nature of

the online environment requires effective tools which especially support those tasks that are more

difficult to perform online, e.g. to monitor students’ attention and progress closely.

As for technology, this chapter only focused on virtual classrooms because they are the main

research topic of this thesis. As said in section 2.4.4, two approaches can mainly be distinguished:

virtual learning environments (VLEs) and personal learning environments (PLEs). As seen, there

are noticeable differences between both systems. While VLEs are more suitable for formal learning

(e.g. university degrees), PLEs are an emergent way of informal learning based on web-mashups

customized by the students. Due to the context of this research, i.e. online universities, and the

widespread use of VLEs in online institutions, these systems will be the focus of this thesis. The

next chapter will examine VLEs in more detail.



3 Virtual learning

environments (VLE)

This third chapter examines virtual learning environments (VLEs). Specifically, the following is-

sues will be dealt with:

• What a virtual learning environment is and which is the scope of this thesis regarding these

systems (see section 3.1).

• A brief history of this kind of learning system (see section 3.2).

• A discussion of the elements that should be part of the foundations of any VLE (see section

3.3).

• An in-depth analysis of the most important current VLEs (see section 3.4).

• A discussion of to what extent the current VLEs are effective tools for fully online teaching

and learning (see section 3.5, research question Q4).

41
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3.1 Introduction

As defined in section 2.4.4, a virtual learning environment (VLE) is a software program that pro-

vides web-based tools, services and resources so as to deliver, track and manage teaching and

learning processes for both online and blended delivery (McConachie et al., 2005; van Biljon and

Renaud, 2009). This type of system encompasses both educational and administrative issues. For

this reason, the following observation about the scope of this thesis must be taken into account:

Scope of this thesis regarding the VLEs

The scope of this chapter and the focus of this research have been limited to the edu-

cational aspects of VLEs. Therefore, both administrative tasks (e.g. to grant/revoke user

permissions, to enroll students in a course, etc.) and technical aspects (e.g. system in-

stallation, setup, OS compatibility, etc.) will not be addressed.

Finally, although the term VLE has become widespread, other names such as learning manage-

ment system (LMS), course management system (CMS), learning content management system

(LCMS) and technology-enhanced learning environment (TELE) are used interchangeably. The

discussion of the possible differences between these terms is out of the scope of this work and,

hence, the term VLE will henceforth be used in this thesis.

3.2 Evolution of virtual learning environments

In the earlier nineties there was an interest in using the Internet’s capabilities for education due

to the web boom. This is how the first VLEs were born. In those days, there were not commercial

solutions and each university had to develop its own VLE to satisfy the particular needs of the

institution. An example of those VLEs is WOLF (Wolverhampton Online Learning Framework),

which was created at the University of Wolverhampton in 1995.

In 1996, Murray Goldberg launched the first version of WebCT. This became the first successful

worldwide VLE. This meant a turning point, since this was a first step toward the development of

commercial VLEs that were suitable not only for a specific university, but they were able to adapt

to the general features of any institution. From then on new companies, such as Blackboard Inc.

and Desire2Learn Inc., arose with a clear objective: the creation of VLEs.

In the late nineties, there was the open source boom. This led many developers to share their

VLEs with the educational community freely. Thanks to this, the code could evolve through com-

munity cooperation, since any person was able to develop new features and improvements. In

1999, the Moodle project was started. Since then, Moodle has become the most important open-

source VLE and it currently competes with proprietary VLEs. In the same way, other (less popular)

open-source VLEs emerged, such as Claroline, ATutor, Dokeos, etc.
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Figure 3.1: Brief summary of the history of VLEs.

Nowadays these systems have become essential in any online university or school. Moreover,

there is a wide range of proprietary and open-source VLEs which offer many features and benefits

(e.g. development cost savings) that ad hoc VLEs do not have. For this reason, online institutions

have currently taken one of the following two decisions: (1) either to replace their ad hoc VLE with

an existing proprietary or open-source VLE, or (2) to combine their own VLE with an external one.

In this regard, the Universitat de Barcelona (UB) is an example of the first option, whereas the UOC

and the Universitat Autònoma de Barcelona (UAB) have adopted the second one.

Finally, as a result of the increasing demand for these platforms and the rivalry that exists be-

tween these systems, VLEs continue to improve themselves by adding new characteristics, e.g.

compatibility with mobile devices.

3.3 Foundations of virtual learning environments

According to Mastoras et al. (2005), designing a VLE involves a combination of three elements:

.

• Pedagogical approach (or design)

• Information structure (or architecture)

• Usability (or interface)

Next, the importance of each of them is discussed.
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3.3.1 Pedagogical approach

Online courses, as any other kind, need to be designed according to a sound pedagogical basis

so as to provide students with a successful learning experience. Nevertheless, unlike F2F courses,

the success of online subjects does not only depend on the quality of the teaching style and the

learning materials, but this is also determined by the learning tools that are used. For this reason,

online learning systems, such as VLEs, should not only take technology into consideration, but

also the underlying pedagogy on which they are built (Zardas, 2008). Although the pedagogical

neutrality is taken for granted as a desired property of a system by most VLE developers (Laanpere

et al., 2004, 2012), researchers like Friesen (2003) argue that the specifications and the applications

that are truly pedagogically neutral cannot also be pedagogically relevant.

At this point, it is important to notice that the paradigm or approach of a VLE shapes the user

experience and encourages a certain kind of usage (Rice, 2006). For example, a VLE can encourage

sequential learning instead of unordered, or it can promote collaborative rather than individual

learning, and so on. As observed, the approach that determines the design of a VLE is a critical

factor that affects the other two cornerstones, i.e. the information structure and the usability (i.e.

interface, functionalities, etc.), and consequently the whole teaching-learning process. This is why

it is essential that developers take pedagogical aspects as well as online students’ and instructors’

features and needs into account when they design these systems.

3.3.2 Information structure

According to Snyder (2010): “Specifying information structure is as important as specifying infor-

mation content... because the value of information depends on how effectively we can use it”.

From the perspective of the information structure, a VLE usually has a database as storage en-

gine. This means that the developers have to turn a course into a database schema. To this end, it

is important to bear in mind that an effective information architecture comes from understanding

the context, the content, and the requirements of the people who will use the application (Barker,

2005). Thus, the database of a VLE should not only be designed according to the mainstream IT

guidelines, but this should also consider the pedagogical approach that has been defined.

Some of the decisions that may be made regarding the information structure are: what course

elements are included in the database, what attributes they have, what relationships exist between

them, what type of relationships they are (e.g. hierarchical, sequential, etc.), etc.

At this point, it is important to notice that if the pedagogical decisions affect the information

structure and the interface, the decisions that are made for the structure have influence on the

VLE’s interface. This is due to the fact the structure of the information defines the primary ways in

which users can navigate (Morville and Rosenfeld, 2006). For instance, if a set of items are interre-

lated sequentially in the database, the interface will hardly allow users to navigate through them

hierarchically. Likewise, if a piece of data does not exist, the interface will not be able to show it.

In short, the design of the information structure should be done carefully and by taking ac-

count of the pedagogical approach that has been defined for the VLE.
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3.3.3 Usability

Aspects such as the way in which information is displayed, how user-VLE interaction is carried out,

the attractiveness of the interface, and so on can determine to what extent students learn correctly.

Forcing students to spend longer time understanding poorly usable interfaces than understand-

ing learning content disturbs the accommodation of new concepts and the overall retention of

what is being learned (Ardito et al., 2004b). Hence, usability has much influence on the effec-

tiveness of the learning process, since they both are substantially intertwined (Guralnick, 2007;

Tselios et al., 2001). Thus, the goal of usability in the VLEs can be summarized with the following

statement: “Interfaces ought to concentrate on learners’ needs and goals, providing a clear idea

of content organization and system functionalities, simple navigation, advanced personalization

of paths and processes. The user should be involved in the learning process without being over-

whelmed” (Ardito et al., 2004b, p. 80).

To sum up, because modern e-learning environments are less neutral than traditional ones

(Tselios et al., 2001), usability should not be overlooked. A poor and awkward interface may be-

come a barrier to effective learning (Mastoras et al., 2005). Therefore the interface of VLEs should

be designed by taking both usability and pedagogical principles into account in order to guaran-

tee that students and teachers have a good experience.

3.4 Examples of virtual learning environment

In this section, eight of the most important VLEs are presented in alphabetical order to study their

main features. For each VLE, a brief introduction is given, followed by a system description which

focuses on the three aforementioned aspects: the underlying pedagogical approach, the informa-

tion structure and the interface (as the result of applying usability criteria).

Table 3.1 shows the VLEs that will be described and classifies them into two groups: open-

source and proprietary.

Open-source Proprietary

ATutor Blackboard

Claroline Desire2Learn

Dokeos eCollege

Moodle

Sakai

Table 3.1: Open-source and propri-

etary VLEs described in this chapter.
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Figure 3.2: ATutor 2.1’s interface from teacher’s perspective. Source: demo.atutorspaces.com.

3.4.1 ATutor

ATutor1 is an open-source VLE that was developed by the OCAD University in 2002. This was cre-

ated from two studies that had analyzed the accessibility of the web-based learning environments.

Because both studies had concluded that none of the popular VLEs in that time allowed disabled

people to fully access to online courses, ATutor focused on creating an accessible VLE that anyone

could use. Thereby ATutor has become one of the most accessible VLEs that exist , complying with

the W3C WCAG 2.0 accessibility specifications at the AA+ level. Among the large number of acces-

sibility features, for example, it allows users to modify text setting (i.e. font type, size, color, etc.).

Likewise, ATutor can show text as an alternative for all visual elements as well as allowing users to

access to all elements by using keyboard commands.

With regard to their pedagogical approach, this is poor or non-existent . This is evident in the

way in which a course is organized. ATutor divides a subject into two parts: the table of contents

(TOC) and tools. On the one hand, teachers can create a hierarchical TOC that basically consists

of HTML pages and, on the other, ATutor has a section called students tools that comprises tools

for supporting the teaching-learning process (e.g. chat, glossary, file storage, etc.).

As far as the interface is concerned, it has a classic design (see Figure 3.2): this has a top hori-

zontal menu, a lateral menu and a main area. The top menu contains the general options (e.g. site

map, student tools, etc.), whereas the lateral one displays the TOC of the course in a hierarchical

form. Moreover, the lateral menu can have extra information boxes under the TOC, e.g. a search

box, online users, glossary, etc. As for the main area, it shows the content of the clicked option. The

1 atutor.ca
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Figure 3.3: Blackboard Learn 9.1’s interface from teacher’s perspective. Source: YouTube - mamabutton.

way how the information is displayed depends on the data. For example, when the general option

students tools is clicked, the main area looks like an OS desktop in which the main tools (e.g. file

storage, chat, forum, polls, etc.) are displayed. However, when a label from the TOC is clicked, the

main area shows the HTML page that the teacher has created for that label.

Finally, ATutor enables students to navigate through the course in three different ways: (1) hi-

erarchically, i.e. the TOC, (2) sequentially, the content is accessed in a preset order by using next

and previous links, and (3) globally, a site map shows the course as a whole, i.e. content plus tools.

As seen, ATutor needs to be greatly improved. To this end, it should consider pedagogical

aspects thoroughly.

3.4.2 Blackboard

Blackboard Inc.2 was founded in 1997 by two education advisers, Matthew Pittinsky and Michael

Chasen, as a consulting firm to provide technical standards for online learning applications. The

first version of its VLE was born in 1998. By the early 2000s, Blackboard became the leading VLE.

In 2005, the company bought WebCT Inc., its main rival in those days. Afterward, Blackboard

acquired Angel Learning, another education software developer, in 2009. The current version of

its VLE, Blackboard Learn 9.1, integrates components from WebCT and Angel. Besides its web

version, Blackboard has released a mobile version of its VLE.

The interface of Blackboard Learn 9.1 is divided into two parts (see Figure 3.3): (1) a main area,

in which the content is displayed, and (2) a lateral menu. The latter contains two sub-menus:

• Course management menu: this menu is only visible for teachers and contains links to sec-

tions that allow to manage different parts of the course. These links are: content collection

(i.e. resources used in the course), course tools (e.g. blog, chat, wiki, etc.), evaluation (e.g.

2 blackboard.com
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course reports), grade center (e.g. assignments and tests), users and groups administration,

customization (e.g. properties, style), packages and utilities (e.g. export a course), and help.

• Course menu: this menu shows all the course elements organized in a hierarchical form.

This is visible for all the users (i.e. both students and teachers), but only teachers can edit it.

The course menu can include multiple instances of the following items:

– Blank page: this is a single page which the teachers create by means of a text editor.

– Tool link: it is a link to a specific type of course tool such as a blog, e-mail, calendar,

chat, forum, wiki, test, and so on. For instance, if the instructor created a link to the fo-

rums, then when a student clicked on it, a list of all the discussion forums of the course

would be shown in the main area.

– Course link: this is a shortcut to an existing area, item, or tool that is within the VLE.

– External link: this takes the users to learning materials that are out of the platform.

– Module page: this is a customizable page that looks like iGoogle or Netvibes. It can

contain any number of interactive items such as a dictionary, calculator, alert area, etc.

– Subheader: it is a text that helps to structure the course menu into areas.

– Divider: it is a line that is placed anywhere on the course menu. This element can be

used together with the subheader to organize the course menu.

– Content area: it is the main item of the course menu. This is like a folder in which the

instructors can add four kinds of items:

∗ Content: it allows to add a simple item (i.e. a small piece of text with attachments),

a file (e.g. document, audio, video, etc.), a content folder (i.e. a content area), a

learning module (i.e. a collection of content items focused on a specific subject

and ordered sequentially), a lesson plan (i.e. a combination of information about

the lesson itself with resources used to teach it), a syllabus, a course link, a module

page, a blank page, a tools area and a mashup (i.e. a special link to Youtube, Flicker

and Slidershare).

∗ Assessment: it allows to add tests, surveys and assignments.

∗ Interaction tool: it enables to add blogs, journals, forums, wikis and chat sessions.

∗ Textbook: this item allows to provide information about textbooks used in the

course.

As seen, the structure of a subject is defined in the course menu, which is a list of items that

does not follow any well-known course organization, e.g. the table of contents (TOC), the course

schedule, etc. Moreover, the items of the course menu are categorized by type rather than pur-

pose. According to Lane (2007), this organizational design forces teachers to think in terms of

content types (e.g. is the content a file or a text?), breaking the natural structure of the semester ,

which is based on the schedule. Likewise, Coopman (2009) argues that such a rigid structure lim-

its how teachers can organize a course. Many teachers actually perceive Blackboard as a rigid VLE

because of its lack of ability to adapt to different teaching styles (West et al., 2007).
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Likewise, the course menu plays such an important role that the ease of navigation through

the subject as well as the effectiveness of the learning process depend on how teachers organize

it. For instance, when a new course is built in this VLE, the following items are put in the course

menu by default (see Figure 3.3): homepage (i.e. a module page), information (i.e. a content area),

content (i.e. a content area), discussions (i.e. a tool link), groups, tools and help. According to

Lane (2008), this kind of preset organization encourages novice instructors to put the content into

the most appropriate default category instead of effectively translating their teaching styles into

an online environment. In fact, if the teachers who use Blackboard do not get involved in creating

an effective course, they can simply put all the learning resources into the option called content.

Obviously, such an organization affects the learning process that is carried out with the VLE.

In short, Blackboard is one of the most important VLEs at this moment. However, according

to different studies and researchers, it is missed a sound pedagogical approach in its design, be-

cause it focuses on managing course content effectively. Obviously, this may hinder instructors

and students from having a pleasing teaching-learning process.

3.4.3 Claroline

This open-source VLE was initiated by the Université Catholique de Louvain (UCL) in 2001. This is

distributed under the GNU/GPL license. Nowadays, according to its website, Claroline3 has more

than 150 downloads per day and around 2223 organizations use it, being present at 115 countries.

As far as technical aspects are concerned, Claroline is written in PHP and uses MySQL and Apache.

Claroline’s pedagogical approach is based on the dynamic model suggested by Lebrun (2007,

p. 75) (see Figure 3.4). This model promotes a process that is made up of three stages:

• Information (e.g. goals, evaluation criteria, to illustrate the context, etc.)

• Activities (e.g. exercises, assignments, etc.)

• Productions (e.g. deliverables of assignments, texts in wikis, questions on forums, etc.)

Moreover, two elements are present in the three stages: motivation and interaction. The latter,

according to their authors, implies that Claroline is biased toward Social Constructivism.

Figure 3.4: Dynamic model on which Claroline’s pedagogical approach is based. Source: (Lebrun, 2007).

3 claroline.net
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Figure 3.5: Claroline’s course homepage. Source: doc.claroline.net.

Each course is built on a set of tools that includes: course description, agenda, announce-

ments, documents and links, exercises, learning path (similar to Blackboard’s learning module),

assignments, forums, group, users, chat and wiki. These tools are consistent with the dynamic

model (see Figure 3.4). For instance, the first four tools are related to the information stage, while

the chat, the wiki and the forums promote interaction. Besides the default tools, any user can

develop her own tools (called modules) and share them with the community.

As seen, the design of the information structure is tool-oriented. Such a design limits the

creativity and freedom of the teachers, since this way of organizing the course is not natural. In

consequence, the information structure may have an adverse effect on the teaching process.

As far as the interface is concerned, this consists of three parts (see Figure 3.5): on the top,

there is a menu with the general options of the platform, e.g. course list, global calendar, platform

administration, etc. On the left hand, there is a navigation menu that shows the tools that Claroline

has. Finally, the right side holds the main area in which the contents are displayed.

As it can be observed, due to the design of the information structure, the navigation through

any course is tool-oriented. Such a navigation may difficult the teaching-learning process a lot.

In conclusion, the adaptation of Lebrun (2007)’s dynamic model do not seems to have been

made correctly, since the final result is a VLE that is a hodgepodge of tools.

3.4.4 Desire2Learn (D2L)

Desire2Learn (D2L) Inc.4 was founded in 1999 by John Baker and Anil Sabharwal. D2L develops

online learning products for schools, universities, governments, associations and organizations.

One of its leading products is D2L learning environment, which will be described in this section.

The instructional design of D2L learning environment (henceforth D2L) is based on three pil-

4 desire2learn.com
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lars: (1) learning activities (or course content), (2) assessments, and (3) course objectives. The core

of any course in D2L is its table of contents (TOC), i.e. the first of the three previous elements. The

TOC (or course content) follows a hierarchical structure which is made up of modules, and each

module consists of topics. The modules organize the course, whereas the topics are the content

itself. There are four types of topics:

• HTML File: this is created from scratch by using an HTML editor.

• Course file: this is created from an existing file of the course.

• Uploaded file: this creates a new topic by using a file from the instructor’s computer.

• Quicklink: it is a link to either a course material or a tool (i.e. discussion forums, chat,

quizzes, dropboxes and grades) or a page on the Internet.

As for the second cornerstone, assessment items (e.g. dropbox, quiz, etc.) are created as a part

of the course content, specifically, they are quicklinks. Each of them can also be linked to a rubric.

Finally, competences and objectives can be defined by the instructor too. They are defined in

another hierarchical structure which is independent of the table of contents’s one. However, the

objectives can be linked to a topic (i.e. a content item) or any type of assignment.

As far as the interface is concerned, this is divided into two sections: (1) the homepage, and (2)

the course itself. First of all, after the authentication, the homepage is shown. This is the starting

point from which the student can read pieces of news and access to her courses and any content

related to the institution. The homepage is made up of several customizable widgets.

When the student accesses to a specific course, the first page that appears is the course home

(see Figure 3.6a). This is like the homepage, but it only displays information and widgets related to

the selected course. Moreover, there is an horizontal navigation bar that has links to several course-

related tools, e.g. course home, content, discussions, dropbox, classlist, grades, competences, etc.

These options vary somewhat depending on the customization determined by the administrator.

If the option content is chosen by the student, the main area is divided into two parts (see Fig-

ure 3.6b): (1) a hierarchical menu that includes the course’s modules and topics (on the left), and

(2) the content area itself. The content can be navigated by the students via several access meth-

ods: bookmarks, search box, last topic visited and scrolling. As seen, the effectiveness of a course

mainly depends on how the instructor organizes the content section (i.e. the TOC). Although this

organization is very similar to that of Blackboard, and they both are far from being based on the

semester, the one of D2L is better. The reason is that the course design in D2L revolves around

the TOC and the competences, which is closer to the way of thinking of teachers than designing a

subject according to an undefined structure.

Finally, it is worth emphasizing that D2L 9.4 and later enable to directly add content (i.e. mod-

ules and topics) to the course calendar. As a result, the course content can be displayed in up to

two views: the (table of) contents (this is required) and the calendar/schedule (optional, it re-

quires that the content section has been defined previously).
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(a) Desire2Learn learning environment’s course home

(b) Desire2Learn learning environment’s content section

Figure 3.6: Desire2Learn learning environment’s course home and content section. Source:

https://slisapps.sjsu.edu/d2l/student/tour/d2lStudentTour.html.
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3.4.5 Dokeos

Dokeos5 is an open-source VLE whose first release was in 2004 under the impulse of Thomas De

Praetere. This VLE has two versions, the free one (distributed under license GNU/GPL) and the

commercial one (called Dokeos PRO). The code can be modified or adapted for specific require-

ments by anyone. This is written in PHP and uses MySQL as database. In the time of this thesis, the

stable version was 2.2. According to the official website, there exist around 11590 implementations

of Dokeos which contain 411638 courses and 4486202 users.

Dokeos is designed as a tool-oriented VLE. As a result, content management is easy to do, but

the teaching-learning process suffers from the absence of a sound pedagogical approach in the

core of the system. The set of tools included in Dokeos is divided into three categories:

• Content authoring: documents, exercises, modules, course description, etc.

• Interaction: forums, chat, wikis, etc.

• Administration: reports, settings, etc.

With regard to the tools, there is one called modules that deserves special attention, since this

allows to create a sequence of resources (e.g. documents, exercises, etc.) and tools (e.g. forums,

chat, etc.). However, this type of resource requires instructors to have some computer skills and

motivation. Likewise, some functionalities, such as the videoconference or Oogie6, are only avail-

able in Dokeos PRO.

As this VLE is tool-oriented, the structure of a course is a combination of different elements

that are not connected. For instance, teachers must upload the resources in the documents folder,

create a forum in the discussion section, a quiz in the quizzes section, etc. Hence, Dokeos forces

the teachers to upload content online without following an organization that is based on a sound

pedagogical approach. Actually, Dokeos is more similar to a content repository than a virtual

learning environment . In this regard, the absence of a pedagogical approach as well as its tool-

based design may have an adverse effect on the teaching-learning process.

Regarding the interface, its design is so closely connected to the information structure that it

looks like an OS desktop (see Figure 3.7). Thus, each course’s homepage is a set of icons in which

each of them takes users to a tool or section (i.e. documents, modules, discussions, calendar,

etc.). One of the advantages of this desktop-like interface is that the students understand how it

works because they are used to interacting with operative systems every day. By contrast, such

an interface can cause confusion due to the fact that the learners only see icons. For example,

students may have difficulty in knowing what they have to do in each moment.

As seen, it may be concluded that, although Dokeos has a familiar interface for all users, this

VLE does not seem to have been developed from an educational standpoint .

5 dokeos.com
6 Oogie: a converter that transforms a PowerPoint file into a SCORM learning path.
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Figure 3.7: Dokeos’s course homepage. Source: demo.dokeos.net.

3.4.6 eCollege

eCollege7 is a proprietary VLE that was acquired by Pearson Education Inc. in 2007. Due to the

privacy of the information, it has been difficult to analyze this VLE exhaustively.

As far as the information structure is concerned, eCollege enables to define a course in two

ways: weeks and units. They both are natural for teachers, since the weeks are closely related to

the semester and the units are part of the TOC. However, the structure of the TOC is quite rigid,

because this do not allow to create a hierarchical structure inside the units. Hence, both the weeks

and the units are sorted out sequentially and each week/unit is a container/list of elements (e.g.

resources, tools, etc.). Likewise, although there are two organizational items, teachers cannot use

both of them at the same time. This makes the platform rigid.

Regarding the interface, the design of the layout is very typical. This is divided into three parts:

• Lateral menu: this is on the left hand and it is made up of two areas. The first one contains

links to the elements that are usually present in most of the courses, e.g. the syllabus, the

faculty information, etc. As for the second area, this contains a list of either units or weeks.

When a student clicks on the unit/week, the set of items which are related to that unit/week

appears below, e.g. a discussion board, web links, assignments, etc.

• Main area: this shows the content related to the link that has been clicked on the lateral

menu.

• Top menu: this includes tools that are used in all courses or through the whole platform, e.g.

dropbox, e-mail, gradebook, etc.

As it has already explained, it has not been able to analyze this VLE in depth. Nevertheless, it

seems that the design of eCollege matches the way of thinking of learners and instructors, because

this VLE allows to organize a course based on two familiar elements (i.e. weeks and units). This,

among other things, makes the navigation through the course easier.

7 ecollege.com
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3.4.7 Moodle

Moodle8 is an open-source VLE that was created by Martin Dougiamas in 1999 as a part of his PhD

thesis. Nowadays, Moodle is the most popular open-source VLE. According to the statistics, there

are 77256 registered sites from 229 countries (plus unregistered sites). This has caused that over

7125383 courses are currently active and around 66 million people are using this VLE. Likewise, its

community has around 1267806 registered users. Certainly, Moodle is unquestionably the largest

open-source competitor to Blackboard at present.

A large part of its success is due to its modular structure, which allows any developer to cre-

ate additional modules and features easily. Actually, Moodle means Modular Object-Oriented

Dynamic Learning Environment. Thanks to the ease of expansion, a lot of users have developed

their own modules and then have shared them with the community. The existence of a powerful

community of non-profit users has resulted in the creation of a vast collection of tools.

In the time of this thesis, the stable version was 2.4.1. This was developed in PHP 5.3.2 and

supported MySQL 5.1.33, PostgreSQL 8.3, Microsoft SQL Server 2005 and Oracle 10.2 as DBMSs. In

addition, new projects for Moodle were being developed. For instance, Moodle Mobile App9, an

interface that will allow users to access to a Moodle site and do a few tasks. For now, this applica-

tion only works with iOS and servers that run Moodle 2.1 or later. However, the development of a

cross-platform mobile client written in HTML5 is in progress.

According to Dougiamas (2000), he designed Moodle by following a pedagogical approach

based on Social Constructivism. For this reason, collaborative and communication tools (e.g. fo-

rum, chat, workshop, etc.) are key elements in this VLE. In this regard, the forums have been one

of the items in which the developers have put their greatest effort since the beginning.

Regarding Moodle’s information structure, all the courses belong to a category defined by the

system administrator. A category may be the area where the subject is located, e.g. Humanities,

Science, etc. Hence, this is a global classification that allows to organize courses for all Moodle

participants. Likewise, teachers can choose the format of the course from four available types10:

• Topics: the course is organized into sections or topics. Each section has a description and a

list of activities and resources.

• Weekly: the course is structured into weeks. The first week begins at the course starting date.

Like the topic format, each week has a description and a list of activities and resources.

• Social: the course revolves around a long discussion forum that is the key element of the

course. In contrast to the previous formats, the activities and resources must be listed in the

social activities block, instead of the main area.

• SCORM: this allows to upload a SCORM package to an only section. This is useful when the

course focuses on a specific topic and contains a single learning object.

8 moodle.org
9 docs.moodle.org/24/en/Mobile_app
10The format can be changed at any time.
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Regarding the content, the courses are basically made up of resources and activities:

• Resource: this is an item that a teacher gives students in order to support learning. Resources

appear as a single link inside a topic or week. Moodle has the following types of resources in

its standard distribution:

– Book: this resource allows to create an HTML book. This is a sequence of HTML pages

written by the instructor.

– File: this option allows to upload one or multiple files (e.g. document, image, etc.).

– Folder: it helps to organize files. Likewise, one folder may contain other folders.

– IMS content package: Moodle enables to upload IMS content packages.

– Label: this is a simple text that is usually short and descriptive. It may be used to create

headers that help to separate resources and activities in a topic/week section.

– Page: this is an HTML page that is written with an embedded editor by the teacher.

– URL: this is a hyperlink to any website (e.g. Youtube, Flicker, etc).

• Activity: this is a task in which the teachers want their students to participate actively. There

are 14 different types of activities in the standard version of Moodle. However, much more

activities developed by community members can be included manually.

– Assignments: this kind of activity allows the teachers to collect work from the students,

review it and provide feedback including grades. Moodle has four sorts of assignments:

∗ Upload a single file: this enables the learners to upload a single file.

∗ Advanced uploading of files: similar to the previous type of assignment, but this

allows the students to upload multiple files.

∗ Online text: this type of assignment asks the learners to write a text by using the

Moodle’s text editor. The students only have one opportunity to enter their answer.

∗ Offline activity: this only shows the description of the assignment. This is useful

for blended courses which may have assignments that are completely offline. In

this case, the learners do not have to deliver anything via Moodle.

– Chat: it allows the students to have real-time synchronous discussions.

– Choice: it is a poll in which the teacher asks a question and specifies a choice of multiple

responses.

– Database: this activity enables the teachers and/or students to create and maintain a

database of records. Each record can have the number and type (e.g. number, image,

date, etc.) of fields that the participants consider appropriate.

– External tool: it enables users to interact with LTI-compliant learning resources and

activities on other websites.

– Feedback: it is a survey, but unlike the survey tool (see below), this allows the teachers

to write their own questions. Likewise, unlike the quiz tool (see below), non-graded

questions can be included.
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– Forum: it allows the learners to have asynchronous discussions. Furthermore, this can

be a graded activity. There are four types of forums:

∗ A single simple discussion: a single topic discussion developed on one page. This

may be useful for short focused discussions.

∗ Each person posts one discussion: each student can start only one new discussion,

even though everyone can reply to any discussion.

∗ Question and answer: this is a special forum that enables the students to write

a question as initial post of a discussion. The rest of learners may reply with an

answer, but they will not see the replies of their classmates to that question until

they have replied to it too.

∗ Standard forum for general use: a forum in which anybody can start a new topic

at any time. This can be shown in a forum-like or blog-like format.

– Glossary: this activity is like a collaborative dictionary. The participants (the whole

classroom or only the teacher) create and maintain a list of definitions.

– Lesson: this is a set of HTML pages in which the students are usually asked to make

some type of choice at the end of each content section. The choice will take them to a

specific page of the lesson. Moreover, the lessons can be graded activities.

– Quiz: it allows the teacher to design and build quizzes consisting of a large variety of

question types (e.g. multiple choice, true/false, etc.). Quizzes have a final grade.

– SCORM package: this kind of package can be included as an activity.

– Survey: this activity allows to create surveys that gather data about the nature of the

course from students. Two types of surveys are implemented: COLLES and ATTLS.

– Wiki: it is a collection of pages that anyone can add to or edit.

– Workshop: it is a peer assessment activity in which the students must submit their work

and, at the same time, assess other students’ work. As a result, the grade of this activity

for each learner is calculated from the their own work and the quality of their assess-

ments of the classmates’ work.

The creation and edition of resources and activities are based on simple forms. Furthermore,

each resource and activity has a lot of options that can be configured in order to adapt the platform

to the features of the course. All these features, in conjunction with the four course formats which

this VLE offers, help the instructors to create courses easily and quite freely.

Apart from the resources and activities, Moodle provides other functionalities, such as grade-

book, course backup, course settings, students’ progress tracking and so on. One of the most

interesting features from Moodle 2.0 onward is the option of activity completion, which allows

the students to mark activities as complete. Such a feature gives learners information about their

progress, which may help the students to be self-regulated, a desired skill in online education (see

section 2.4.1.2).

In addition to the aforesaid functionalities, Moodle has blocks. Blocks are widgets which add

additional functionalities to the course. They can be put into any page. There are 37 blocks in the
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Figure 3.8: Moodle’s course page with 3 columns by using the topic format (student’s view). Source: moodle.org

standard download of Moodle 2.4 (e.g. upcoming events, settings, online users, etc.). However,

more blocks have been developed by the community and can be added to the platform.

As for the interface, Moodle has a classic design based on three columns (see Figure 3.8). The

middle one is the main area, i.e. where either topics, weeks or a forum are displayed depending

on the course format. In the case of the topic and weekly formats, the resources and activities are

listed underneath each topic/week. The order of these two content items is defined by the teacher.

As regards the side columns, they display the blocks. The most important ones are generally

put into the left side (e.g. navigation and settings), but the distribution of the blocks can be defined

by the instructor. In this regard, it is important not to add too many blocks, since if an excessive

number of blocks are used, then the students may feel overwhelmed by the information overload.

One of the possible drawbacks of Moodle’s interface is the fact that is more textual than graph-

ical. This may hinder users from seeing relevant information at first glance. Likewise, navigation

is more difficult, because the users have to read all the time.

In summary, Moodle is the most popular open-source VLE thanks to the large catalog of tools

that is daily extended by its community. As seen, its design is, moreover, based on a well-defined

pedagogical approach, as evidenced by its support for Social Constructivism and the 4 course for-

mats that are provided. Among all the VLEs seen so far, Moodle certainly seems to be the best one.

3.4.8 Sakai

Sakai11 is a project founded by the University of Michigan, the Indiana University, MIT, Stanford,

the uPortal Consortium and the Open Knowledge Initiative (OKI). Its purpose was to produce

an open-source collaboration and learning environment (CLE) to support teaching and learning.

Nowadays, more institutions take part in this project. Moreover, over 350 institutions have re-

ported that they are using Sakai and over 1000 individuals have contributed to improve it. The

version 1.0 was released in 2005 and, in the time of this thesis, the newest version was Sakai CLE

2.9. Unlike most of the open-source VLEs, which are developed in PHP, Sakai is written in Java.

11sakaiproject.org
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Figure 3.9: Sakai’s course homepage. Source: YouTube - URIWRT.

When a user logs in, a homepage called My Workspace is shown. Its main area has several

widgets which display announcements and calendar events from all the courses in which the user

is enrolled. On the left, there are links to the user’s profile, preferences, etc., whereas, on the top,

there is a tab menu where each tab links to a course. After clicking on one course tab, the course

homepage is displayed (see Figure 3.9). It looks like My Workspace, but the information is only

related to the selected subject. On the left, a menu contains links to different course areas: syllabus,

schedule, announcements, assignments, resources, etc. This lateral menu can be customized by

the teachers, who can choose from a list what items they put into it.

As it can be observed, the courses in Sakai are structured in sections that correspond with each

of the available tools. Therefore, Sakai has a tool-based design, very similar to the one of Claroline

(see section 3.4.3), which allows to find items by type easily. For instance, all the discussion forums

of a subject are in the forums section. However, this organization is not natural for teachers,

most of whom are used to designing their subjects according to a calendar (i.e. time) or a table of

contents. Therefore, the lack of a sound pedagogical approach in the structure of Sakai may hinder

the creation of effective online courses.

Finally, just as a matter of interest, the Universities of Oxford, Cambridge, Hull, and the UHI

Millennium Institute announced the formation of the Tetra Collaboration12 in 2006. One of its

projects is to continue the work of Bodington13 to produce a new version, called Bodington NG

(Next Generation), based on Sakai. Bodington was an open-source VLE written in Java that was

started in 1997 at the University of Leeds. Its last version dates from 2006 and has been utilized

recently by several UK universities. For example, the Universities of Leeds and Oxford used it until

August 2010 and 2011, respectively. Bodington NG will combine elements of the Sakai framework

with the pedagogically strong Bodington toolset. At the same time, the Bodington toolset will be

available to Sakai users.

12tetraproject.org
13bodington.org
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3.5 Are the current VLEs effective tools for online education?

The principal purpose of all VLEs is the same: to provide a learning environment that makes the

teaching-learning process in an online or blended scenario effective and easy. However, they each

use a different pedagogical approach, information structure and interface. In this regard, Table 3.2

is presented in an attempt to compare the VLEs analyzed in this chapter at a glance.

After getting an overall idea of online education in Chapter 2 and having analyzed eight of the

most important VLEs in this chapter, the following question arises: to what extent are the current

VLEs effective tools for fully online teaching and learning? (i.e. research question Q4, see section

1.2). Next, this question is answered considering the three keystones of the VLEs (see section 3.3):

.

• Pedagogical approach (or design)

• Information structure (or architecture)

• Usability (or interface)

3.5.1 Pedagogical approach

As said in section 3.3.1, the pedagogical decisions that are made for a VLE have a strong influence

on its information structure and interface. Despite the importance that pedagogy has, according

to Govindasamy (2002) and Laanpere et al. (2004, 2012), most of the current VLEs are detached

from any specific pedagogical approach. Govindasamy (2002) states that most of them are mere

providers of technology, including every possible feature without an overt pedagogical integration.

VLE Pedagogical approach1 Information structure Interface

ATutor - Table of contents 2 columns and Desktop

Blackboard - Hierarchical tree 2 columns

Claroline Dynamic model List of tools 2 columns

Desire2Learn
Activities + Assessment Table of contents

Main area + top menu
+ Course objectives + Calendar

Dokeos - Desktop of tools Desktop-like

eCollege - Units or weeks 2 columns

Moodle Social Constructivism Topics, weeks or forum 3 columns

Sakai - List of tools 2 columns

1 A dash means that the creators of the platform do not specify any pedagogical approach explicitly.

Table 3.2: Comparison of the most popular VLEs based on the keystones defined by Mastoras et al. (2005).
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In this regard, Table 3.2 shows that only three of the eight VLEs analyzed in this chapter declare

their pedagogical approach overtly: Claroline, D2L and Moodle. However, when they three are

examined in detail, only Moodle is really based on a solid learning theory, i.e. Constructivism.

Thus, the current VLEs have a serious mismatch between the abundance of features and the lack

or total absence of explanation on the pedagogy underlying the inclusion of these characteristics

(Firdiyiyek, 1999, cited in Govindasamy (2002)). Some researchers like Herrington et al. (2005) are

even more critical and say VLEs focus on delivering information, instead of improving education.

Besides taking the learning theories into account, the pedagogical approach on which VLEs are

built should meet online students’ and teachers’ requirements. Unfortunately, many VLEs do not

always satisfy the actual needs of online learners and instructors. For example, as seen in sec-

tions 2.4.1.2 and 2.4.1.3, in online education the ability to self-regulate the own learning process is

a very important skill which not many students have. Hence, some functionality that helps learn-

ers to be self-regulated is something what is expected from a VLE when this is used for online learn-

ing. Despite this, Moodle 2.0 (and later) and D2L are the only VLEs that support self-regulation. In

this regard, Moodle 2.x is the only platform that gives students the option of marking an activity as

complete, whereas only D2L displays the course’s competences and objectives clearly.

Likewise, as discussed in section 2.4.2, online teachers should be facilitators who guide the

learners through the course. To perform this task correctly, the role of VLEs is crucial, because

technology is needed to track each student’s progress toward mastery, assess their learning, help

teachers to understand what kind of guidance is needed, provide and appropriately sequence in-

struction and store evidence of attainments and systemically integrate each of these functions

(Schlechty, 1991, cited in Watson and Watson (2007) ). In this regard, although most of VLEs have a

monitoring tool that give teachers tracking information about their learners and classes, some

studies like (Hijón and Velázquez-Iturbide, 2006) argue that none of these systems offer much

tracking ability. One of reasons is that the majority of VLEs provide tracking data in a tabular

format, similar to a log file, which is commonly poorly structured and incomprehensible (see

section 2.4.2.3). Obviously, this complicates the tracking of the students and, therefore, teachers

have difficulty knowing what type of guidance is needed in each case is more difficult.

On the other hand, all VLEs have well-known tools that support some educational require-

ments. For example, these systems have forums that promote interaction within the online class-

room, a factor that contributes to have a good academic achievement (see section 2.4.1.2). In this

case, the question that arises is: are the forums (or any other tool) devised from an educational

perspective?. Unfortunately, it is quite common that most of VLEs do not add educational func-

tionalities to these tools. In general, the tools that are included in many VLEs only implement the

same features as those of the general-purpose tools. For instance, an option that enables teachers

to grade messages may be very useful in a learning context, but not all the VLEs implement it.

As seen, most of the current VLEs are far from being built on an approach that is consistent

with the principles of some learning theory and, at the same time, takes account of those aspects

which have been proven to be suitable for online students and teachers. The lack of design deci-

sions based on a sound pedagogical approach is detrimental to the effectiveness of the platform

and, consequently, to the whole teaching-learning process.
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3.5.2 Information structure

One of the sub-roles of online teachers is to be a manager (see section 2.4.2.2). This entails schedul-

ing the course, setting the learning objectives, etc. To perform this role, instructors depend on the

information structure of the VLE, because this inevitably delimits the way in which a course can

be defined in the platform. For this reason, it is essential that the information architecture of these

platforms is as flexible as possible so that it can adapt to a large variety of teaching and learning

styles. In this regard, the following question arises: how flexible are the information structures of

the current VLEs?. Next, this question will be discussed.

As seen in section 3.4 and it has been summarized in Table 3.2, most VLEs force instructors

to organize the courses in a way that it is not natural for them. For example, Blackboard struc-

tures the courses according to the type of content (i.e. text, file, link, etc.). Likewise, Claroline,

Dokeos and Sakai organize the courses as a list of tools/sections and, hence, learning materials are

resources that are uploaded to a specific section called documents and links, documents, and re-

sources, respectively. On the contrary, the structures of ATutor, D2L, eCollege and Moodle are more

familiar to teachers and students. In this regard, the courses in ATutor and D2L revolve around the

table of contents (i.e. a hierarchical structure). As far as eCollege and Moodle are concerned, they

allow to define the courses as a sequential list of units/topics. Moreover, D2L, eCollege and Moodle

also enable to organize course content by schedule (i.e. time). In the case of eCollege and Moodle,

the smallest unit is the week. As it can be observed, the organizations based on content/topic and

schedule are more natural than those based on the types of resources and tools. Actually, accord-

ing to a study of the Tufts University (UWG, 2010), a lot of participants who used to use Blackboard

expressed an interest in/preference for content and schedule formats after using Moodle.

Likewise, most of the current VLEs only have a format on which teachers can build their

courses (Kolas and Staupe, 2007). eCollege, Moodle and D2L 9.4 (and later) are the single plat-

forms that provide more than one kind of organization: one based on the content and another

based on the schedule. Although this represents a breakthrough, these VLEs are still too rigid. For

example, in eCollege and Moodle, teachers must choose one of the two formats just before they

can create their courses. From this observation, one question arises: why do not all VLEs allow to

use various views/formats simultaneously?. If VLEs showed as many views of a course as possible,

teachers could design their courses from different perspectives and, consequently, the teaching-

learning process would be better. Furthermore, students could navigate through the courses by

using the organization/view that best met their preferences and needs in each moment. In this re-

gard, D2L is the only VLE that enables to have two formats at the same time. However, to create the

view based on the schedule it is required to have defined the other view (i.e. the TOC) previously,

because the calendar extracts information from it. As a result, another question is formulated: if

multiple views/formats are possible, why are not they independent of each other?. This would

allow the teachers to create those views that are really required for the course.

Apart from the information structure, the course editor of the VLE plays an important role,

since it allows the teachers to interact with the database so that they can create the course in the

platform. Hence, it is on the border between pedagogy and information structure. For this reason,
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the features of the course editor can improve or limit the design of the subject and, consequently,

its effectiveness. In this regard, despite the importance of the course design, VLEs do not give the

instructors guidance on how to design their courses, instead they merely provide forms whereby

teachers create course items and upload files. Such passivity of the VLEs entails the instructors

designing online courses without assistance. In consequence, the design of the course may not be

as effective as possible, especially if the teachers are not used to using the platform or if they lack

skills and knowledge to design and teach online classes, as often occurs (see section 2.4.2.3).

As a result of the limitations and difficulties that teachers often find when they try to translate

the design of their courses into an online environment, it is hardly surprising that: (1) a lot of in-

structors perceive VLEs as rigid tools, as in the case of Blackboard (West et al., 2007), and (2) a lot of

lecturers end up replicating the F2F instruction based on lectures by using VLEs as content repos-

itories and without applying any sound pedagogical principle that is suitable for online learning

(Lane, 2008; Vovides et al., 2007; Vrasidas, 2004). Hence, as observed, one barrier to teaching on-

line is the lack of appropriate design tools (see section 2.4.2.3).

In conclusion, the information structures of the VLEs are not, in general, flexible enough.

Moreover, a lot of platforms provide a structure that focuses on managing content efficiently from

an IT rather than an educational perspective. Likewise, the course editors are not as suitable tools

as they could become due to its passive role. For all of these reasons, it may be concluded that the

information structures of the VLEs should improve in future so that they can really meet educa-

tional needs. Likewise, course editors should help the instructors to design their courses correctly.

3.5.3 Usability

The interface of a VLE is affected by the decisions made regarding the information structure and,

above all, the underlying pedagogical approach. Hence, if a VLE is designed without taking any

educational aspects into account, then the effectiveness of its interface decreases. Despite this

fact, there are several pieces of evidence that prove the absence of educational foundations in the

design of the VLEs’ interface. Firstly, some researchers, such as Laanpere et al. (2004), indicate

that the interfaces of the VLEs use technical instead of educational vocabulary, e.g. dropbox, file

upload, etc. Due to this out-of-domain vocabulary, both learners and teachers may get confused.

Likewise, three manners of evaluating the usability of VLEs can be found in the literature: (1)

the one based on the opinion of experts who use user-centered design (UCD) heuristics and meth-

ods, (2) the one based on experiments carried out with students and teachers, e.g. (UWG, 2010),

and (3) a combination of the two previous approaches. In this regard, the fact that a large number

of papers only uses the first approach reinforces the perception that VLEs are often considered to

be the same as any other software program, i.e. without considering educational issues (a singu-

larity of VLEs). Due to the absence of educational criteria, it could be said that these studies evalu-

ate VLEs partially and, consequently, their results should not be considered fully reliable. However,

such studies are the main source of information about the usability of VLEs. In this regard, it could

be stated that the current VLEs in general have an acceptable usability from the point of view of

the principles of UCD, which are used to evaluate any type of IT application.
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Moreover, the existence of evaluations only based on the tenets of UCD leads us to think that

some VLEs may have been designed by following guidelines which are not enough (or even suit-

able) to create VLEs. Some researchers agree with this thought and propose learner-centered de-

sign (LCD) heuristics that have been devised to the educational context (see section 4.2 and Ap-

pendix B.2.3). In this regard, few works have evaluated VLEs by using LCD heuristics, i.e. by also

taking educational aspects into account. Therefore, it is not possible to draw a reliable conclusion

on the actual usability of these systems.

3.5.4 Conclusion

After analyzing the effectiveness of current VLEs from three points of view (i.e. pedagogy, informa-

tion structure and interface/usability), several conclusions can be drawn:

Main conclusions from the analysis of the current VLEs

1. Although VLEs are widely used as learning platforms, most of them lack a sound

pedagogical approach in the core of their designs. In fact, some of them seem to

have been designed based only on IT conventions, i.e. from a technical perspective.

2. Due to the absence of a solid pedagogical approach, these systems have few func-

tionalities and tools that have been devised to exclusively meet the actual needs of

online students and teachers. Likewise, some of the functions/tools devised to sat-

isfy educational requirements are often inadequate, e.g. student monitoring tools.

3. The way of organizing the course in many of the current VLEs is not natural for an

educational context. For example, instead of calendar or content items (e.g. weeks

and units/topics, respectively), it is very common to find course structures based on

the type of resource or tool.

4. The information structure of these platforms is still too rigid, since most of them

do not provide more than one organization/view. Regarding those that offer two or

more types of views, only D2L enables to use them simultaneously.

5. Course editors play a significant role in the creation of the online subjects. However,

instructors complain about the lack of suitable tools that help them during design

tasks. Because many teachers need some help to design and create online subjects,

course editors should be a key element of any VLE. Obviously, a large part of the ef-

fectiveness of any course editor depends on the design of the information structure.

6. Interfaces are usable from a UCD perspective, but both its design and evaluation

should shift from user to learner-centered design (LCD) principles.
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In short, it may be said that the pedagogical potential of most of VLEs is underexploited and,

hence, the effectiveness of these platforms may be much better . Although some VLEs, such as

Moodle and D2L, are taking firm steps toward the design of a platform that really meets the re-

quirements of online education, these are not enough. Consequently, more research and improve-

ments are needed.

3.6 Summary

This chapter explored the topic of virtual learning environments (VLEs). Nowadays, the use of

these platforms has grown in such a way that they have become the natural replacement of the

physical classrooms. In this regard, due to the absence of F2F interaction between students and

teachers, VLEs have become a key element during the online teaching-learning process.

Although a VLE can be analyzed from two points of views, i.e. technological and educational,

this chapter and the rest of the thesis have focused on the latter. In this regard, the pedagogical

approach, the information structure and the usability of the interface were identified as the three

elements that have more impact on the effectiveness of VLEs. As a result, it was concluded that

any designer or developer should pay careful attention to these three aspects when creating a VLE.

In order to answer research question Q4 (i.e. to what extent are the current VLEs effective

tools for fully online teaching and learning? ), eight of the most popular VLEs, both proprietary and

open-source, were analyzed by focusing on: (1) the pedagogical approach on which each of them

is built, (2) the information structure that they provide to create the courses, and (3) the design

of their interfaces. Having analyzing the eight platforms, a discussion about their effectiveness

was presented. As seen, this discussion led to the conclusion (and, consequently, the answer to

research question Q4) that most of the current VLEs are detached from any specific pedagogical

approach and, hence, the effectiveness of these systems is not as high as it could be. In other words,

the pedagogical potential of VLEs is underexploited. As discussed, this lack or total absence of a

sound pedagogical approach in the core of these platforms has ill effects on the functionalities,

the information structure and the interface. Consequently, the teaching-learning process that is

carried out within these virtual classrooms is affected too.

In summary, the analysis conducted in this chapter certainly has proved, on the one hand, the

existence of a problem in the design of the current VLEs and, on the other, the necessity of conduct-

ing a research work like this. In this regard, the following chapter proposes a set of aspects, in the

form of recommendations (or heuristics), which have been identified as being suitable for the VLEs

when they are used in a fully online scenario. This set was developed by taking account of a peda-

gogical approach based, in part, on the document-based research conducted in Chapter 2 and the

analysis of the current VLEs performed in this chapter. Therefore, this set of the recommendations

aims to help designers and developers to create effective VLEs for online teaching-learning based

on the conclusions drawn from systematic research.
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4 Recommendations

for designing virtual learning

environments for online education

This chapter proposes a set of recommendations/heuristics for designing VLEs that are effective

tools for fully online teaching-learning. In order to explain the proposed recommendations, this

chapter is structured as follows:

• A brief introduction argues the necessity for a shift from a user-centered design (UCD) to a

learner-centered design (LCD) approach (see section 4.1).

• The main characteristics of learner-centered design (LCD) are described by emphasizing the

differences between UCD and LCD approaches (see section 4.2).

• The proposal of a set of recommendations is detailed (see section 4.3, research objective O1):

– First, the chapter explains the foundations (see section 4.3.2) and the consequent ped-

agogical approach (see section 4.3.3) on which the recommendations are based.

– Each of the recommendations is described (see section 4.3.4). This description is orga-

nized according to the three cornerstones of VLEs:

∗ Pedagogical approach (see section 4.3.4.1)

∗ Information structure (see section 4.3.4.2)

∗ Usability (see section 4.3.4.3)
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4.1 Introduction

In the course of time, the way of designing computer applications has evolved. The first ap-

proaches were focused on creating systems that took advantage of the capabilities of technology.

However, these frequently neglected the users’ actual requirements. To overcome this problem, a

new design approach called user-centered design (UCD) was proposed:

User-centered design (UCD)

Design process in which the needs of the users dominate the design of the interface and,

in turn, the needs of the interface dominate the design of the rest of the system.

(Norman and Draper, 1986)

As a result of this new paradigm, the purpose of a system has gone from using a specific tech-

nology or being an elegant piece of programming to serving the user (Norman and Draper, 1986).

More specifically, a computer software designed from a UCD approach focuses on helping users

to complete familiar work tasks more easily and efficiently (Luchini et al., 2002a; Quintana et al.,

2001). To this end, Quintana et al. (2000) indicate that the systems based on UCD try to minimize

two gulfs defined by Norman and Draper (1986):

• Gulf of execution: the difference between the goals and intentions of the user and the per-

missible actions on the tool.

• Gulf of evaluation: the amount of time and effort that the user takes to understand the tool.

To minimize the gulf of execution, a tool should allow users to perform the maximum amount

of tasks that they want to do. As for the gulf of evaluation, this is minimum if the users find task

completion easy. As it can be observed, the actual focus of a UCD tool is on the tasks that the end-

users perform frequently or, in other words, UCD tools are task-oriented. Actually, Quintana et al.

(2001) are of the opinion that UCD designers design around the tasks, not the users themselves.

Thus, to create effective UCD tools, designers must understand how people generally do things to

complete a task. In this regard, the theory of action (Norman and Draper, 1986) gives seven steps

that are involved in the mental process of a user when she performs tasks with a computer tool.

In addition to theoretical approaches, more practical methods have emerged to help designers to

build systems that bridge the gulfs of execution and evaluation (see Appendix B.1).

In the last two decades, UCD has meant a breakthrough in the improvement of the usability of

computer programs. Consequently, UCD is currently the most popular approach for designing

computer tools. Nevertheless, software designers have been faced with new challenges in recent

years. One of them is the use of computers to learn. In this regard, a few researchers (Ardito

et al., 2004b; Quinn, 1996; Quintana et al., 2000; Reeves et al., 2002; Soloway et al., 1996; Squires

and Preece, 1999) argue that UCD is not enough to deal with the teaching-learning process, since

learning requires a series of specific considerations that differ from those that are taken into ac-

count in any other task. Thus, they propose a new approach called learner-centered design (LCD).
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4.2 Learner-centered design (LCD)

As said in the previous section, learner-centered design (LCD) approach emerged as an answer

to the specific necessities of the learning process. Next, these particularities will be explained

through three dimensions defined by (Quintana et al., 2000):

.

• The target audience

• The main design problem to address

• The underlying theory used to address the main design problem

4.2.1 Target audience

One of the particularities of learning in comparison with other tasks is related to the audience

being addressed. In this regard, LCD focuses on students, who use the tools to understand and

acquire new knowledge (i.e. to learn). Because of the obstacles that may arise during the learning

process, students’ motivation cannot be taken for granted.

On the contrary, UCD focuses on people (i.e. users) who know what activities they want to

perform given a tool. Therefore, they use the tools to complete familiar tasks easily and efficiently

(Quintana et al., 2000, 2001; Soloway et al., 1994). Likewise, users have intrinsic motivation.

4.2.2 The main design problem to address

Because learners are different from typical users, the goals of these two design approaches (i.e.

UCD and LCD) also have to be different. To understand this better, let us see an example sug-

gested by Wallace (1999): a program for searching information. If this were designed from a UCD

perspective, this would have to retrieve the best possible results, since this is the goal of any user,

i.e. to find what she is looking for. However, from an educational point of view, the same tool would

have a different behavior since either the teacher could have another goal for that activity (e.g. to

teach a research process) or the student could not have as goal to find anything in particular, or

even she could not know what to look for exactly.

From the previous example (and others), one can notice that a typical user needs an application

to do familiar tasks easily and efficiently. Thus, the main design challenge of UCD is “to design

tools that are easy to use and understand and that allow the easy and efficient completion of

work activities” (Quintana et al., 2001, p. 500). In contrast, students use computers as learning

tools. Hence, LCD is faced with the challenge of designing tools that help students to learn a new

field of knowledge. This means that the designers of educational tools should address, besides

the gulfs of execution and evaluation, the conceptual gap between the student and the learning

domain, which is called gulf of expertise (Quintana et al., 2001). As a result, the design of tools

based on an LCD approach should be such that the students can focus on the actual learning (i.e.

to assimilate the learning domain) and not on learning to use the tool (Srivastava et al., 2009).
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4.2.3 Underlying theory

As it has been explained previously, UCD designers use the theory of action so as to understand

the mental process behind performing a task. As far as LCD designers are concerned, because

their goal is to create tools that help students to bridge the gulf of expertise (i.e. to learn a new

learning domain), they take account of the learning theories (see section 2.4.2.1), which explain

how people learn. Therefore, the principles of these theories inevitably influence the decisions

that are made when creating any learning tool.

In addition to the learning theories, it is important to know the needs and characteristics of

the students and teachers who will use the tool. For example, the requirements of a learner in a

blended course are not the same as those in a fully online subject.

4.2.4 Conclusions

As seen, there exist noticeable differences between learning and performing other tasks and, there-

fore, between typical users and students. This is why more and more researchers and practitioners

argue that computer tools developed to support learning need design criteria that extend those

for task-oriented computer systems. As a result, a new design approach called learner-centered

design (LCD) has emerged. This can be defined as follows:

Learner-centered design (LCD)

Design approach that uses UCD guidelines but redefined and expanded by taking ac-

count of learning theories as well as students’ and teachers’ characteristics and needs.

In short, while UCD focuses on making usable software to support the tasks of domain experts,

LCD focuses on developing tools that provide learners with the support that they need to under-

stand the content, tasks and activities of an unfamiliar domain they are exploring (Luchini et al.,

2002b). Finally, Table 4.1 summarizes the most significant differences between UCD and LCD.

User-centered design (UCD) Learner-centered design (LCD)

Target audience Users who know the work domain in which

they use the tool

Students who do not know the learning do-

main and whose motivation cannot be taken

for granted

Main design

goal

Designing computer tools that allow users to

complete their work easily and efficiently

Designing tools that support students in gain-

ing understanding of an unknown domain

Conceptual

gulfs to address

Gulfs of execution and evaluation between the

user and the tool

In addition to UCD’s gulfs, the gulf of expertise

between the learner and the learning domain

Approach to

bridge the gulfs

Using theoretical (e.g. the theory of action)

and practical (e.g. usability inspection) ap-

proaches that explain how people do tasks

Using UCD methods supplemented with a

learning theory that explains how students

learn, e.g. Constructivism

Table 4.1: Summary of the differences between UCD and LCD, based on (Quintana et al., 2003, p. 827).
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4.3 Proposal of recommendations

4.3.1 Introduction

Although virtual learning environments (VLEs) are well-established educational tools, Chapter 3

has shown that there is still much room for improvement in the effectiveness of these systems.

As regards this opportunity to improve VLEs, the present chapter identifies a set of features that

are highly desirable that these platforms have when they are used in a fully online environment.

These characteristics have been summarized in a set of 13 recommendations (or heuristics). The

reason for creating this set has been to provide designers and developers with a simple, but ef-

fective instrument that helps them when designing VLEs. The creation of this set fulfills research

objective 01 defined in section 1.2.

Before describing each of the recommendations, the following sections explain the founda-

tions (see section 4.3.2) and the resultant underlying pedagogical approach (see section 4.3.3) on

which they have been built.

4.3.2 Foundations

According to Friesen (2003, p. 63), “applications that are truly pedagogically neutral cannot also

be pedagogically relevant”. This belief is closely related to the philosophy that underlies the LCD

approach, which stresses the necessity of taking account of different educational aspects together

with the tenets of a learning theory when a learning tool is designed. In this regard, this thesis pro-

poses a set of LCD heuristics/recommendations that is based on a pedagogical approach which...

• takes account of the document-based research conducted in Chapter 2. More specifically:

– The main implications of online delivery for the teaching-learning process (see section

2.2).

– The characteristics of online students (see section 2.4.1.1) and the factors that help

them to have a successful learning experience (see section 2.4.1.2).

– The role of online teachers (see section 2.4.2.2).

– The main barriers that online students and teachers may find (see sections 2.4.1.3 and

2.4.2.3, respectively).

• is in agreement with Constructivism, because this learning theory seems to be the most suit-

able for online education (see section 2.4.2.1).

• allows for previous sets of heuristics for educational software (i.e. LCD heuristics). These

can be found in Appendix B.

The resultant pedagogical approach is described in the next section.
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4.3.3 Pedagogical approach

Due to the responsibilities (e.g. work, family, etc.) and obstacles (e.g. long commute) that online

students have, one of their main needs is the flexibility of time and place (see section 2.4.1.1). To

guarantee it, asynchronous interaction between students and teachers is required. However, such

interaction implies that, “(...) in a web-based learning environment, students must exercise a high

degree of self-regulatory competence to accomplish their learning goals, whereas in traditional

face-to-face classroom settings, the instructor exercises significant control over the learning pro-

cess and is able to monitor student attention and progress closely” (Dabbagh and Kitsantas, 2004,

p. 40). Thus, self-regulation skills are essential qualities that online learners should have. Actu-

ally, as said in (Beishuizen and Steffens, 2011), some research works reveal that the extent to which

students are capable of regulating their own learning greatly enhances their learning outcomes

(see section 2.4.1.2). Generally speaking, self-regulated learning is a process that consists of three

cyclical phases (Zimmerman, 2002, see Figure 4.1):

1. Forethought: in general, this phase involves the student in setting goals, planning a strategy

to achieve such objectives, and measuring her own competence to complete tasks and reach

goals (i.e. self-efficacy, which is closely related to academic self-concept, see section 2.4.1.2).

2. Performance: this phase deploys the specific tasks that are part of the strategy defined in the

forethought phase. This stage is guided by a self-monitoring process whereby the student

tracks what she is learning, e.g. to self-record the time that she spends on studying a unit.

3. Self-reflection: this focuses on comparing self-monitored information with a standard or

goal. This includes tasks such as assessing academic success and adjusting future learning

strategies. Hence, in this phase, the student should be aware of her learning process (i.e. self-

awareness). In this regard, formative assessment based on learners’ coursework may be a

good way of helping students to be aware of their progress at any moment of the semester.

Likewise, this kind of evaluation provides teachers with useful information that helps them

to easily track and guide their learners through the course.

As seen, “self-regulated students are metacognitively, motivationally, and behaviorally active

participants in their own learning process” (Zimmerman, 1986, 1990). Hence, self-regulated learn-

ing implies that students inevitably play a more active role compared to that of the F2F instruction.

In other words, a student-centered learning approach replaces the paradigm in which learning re-

volves around the figure of a masterful teacher. Instead, teachers are facilitators who guide their

students through the learning process and help learners to be self-regulated. The active involve-

ment of the student in her learning process is in accordance with the principles of Constructivism.

Moreover, it is important to give multiple views/perspectives of a subject so that courses adapt

better to different teaching-learning preferences and situations.

Finally, in addition to individual learning, it is also essential to offer communication tools

whereby students can interact with each other (see section 2.4.1.2). Such tools promote collab-

orative learning and, at the same time, the development of communication skills. Likewise, they

reduce the feeling of isolation that a learner may experience (see section 2.4.1.3).
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Figure 4.1: Phases and some subprocesses of self-regulated learning. Source: (Zimmerman, 2002).

4.3.4 Set of recommendations

As it has already been said in section 4.3.1, the previous pedagogical approach has given rise to

the set of 13 recommendations that is proposed below. This is divided into three categories that

correspond to the cornerstones of VLEs (see section 3.3):

.

• Pedagogy (6 recommendations)

• Information structure (2 recommendations)

• Usability (5 recommendations)

Next, the recommendations of each category are explained in detail. Likewise, at the end of the

present chapter, Table 4.2 lists the whole set so that the reader can get an overview at a glance.

4.3.4.1 Pedagogy

In this section, two types of recommendations can be found. On the one hand, there are four

recommendations that have been specially created to provide students with a better learning ex-

perience and, on the other, there are two that have been defined to improve the teaching process.

Altogether, six recommendations related to pedagogy are suggested:
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Recommendations related to pedagogy

Students

A. To define competences and objectives clearly

B. To guide students through the course

C. To provide self-awareness

D. To promote social interaction

Teachers

E. To provide teachers with a student monitoring tool

F. To help teachers to design their courses

Next, each of the previous recommendations are described.

A. To define competences and objectives clearly

In the movement toward the European Higher Education Area (EHEA), there has been a shift from

a course design based on content to one focused on what the students are expected to be able

to do/know at the end of the learning period. In this regard, the expected outcomes of an EHEA

course, which can be considered the goals of the learning process, are usually divided into degree

competences and course objectives (also known as learning outcomes).

In order to make the overall learning experience more transparent, it is important that teach-

ers share the degree competences and course objectives with their learners and, at the same time,

ensure that there is an alignment between these two items, teaching methods and assessment cri-

teria (Kennedy et al., 2006). Such transparency helps students to know what is required of them.

Consequently, they may be able to regulate their own learning better, since they may set interme-

diate objectives for themselves (i.e. sub-goals) and plan out their learning process more easily.

In conclusion, to support self-regulated learning and the EHEA’s course design approach, VLEs

should enable teachers to clearly indicate what degree competences and course objectives the

students must attain. As observed, this recommendation completely accords with a part of the

forethought phase of self-regulated learning (see section 4.3.3), in which setting goals is a key task.

B. To guide students through the course

According to the forethought phase of self-regulated learning (see section 4.3.3), after defining the

goals, each learner should plan and schedule the tasks that will allow her to achieve the objectives.

This involves students in managing their learning time. Such a management is not easy, because

many online learners have other responsibilities (e.g. job and family) competing for their time as

well. As a result, they can have difficulty in reconciling studies with personal life.
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Likewise, as demonstrated in (Yukselturk and Bulut, 2007), students may underestimate the

time and effort necessary to succeed in an online course.

Due to the aforesaid problems, online students can be unable to manage their time properly.

Therefore, it is strongly recommended that VLEs guide learners through the course so that they

can know what they should do at any moment . One way to do this could be to suggest an ideal

studying pace in the form of calendar.

C. To provide self-awareness

Besides setting goals and planning the learning activities in advance, students should be able to

monitor their own learning process throughout the semester so that they can make, at any mo-

ment, the opportune changes to achieve the expected learning outcomes. However, distance edu-

cation, including online, can make it much harder for learners to position themselves in the class

and self-reflect on their work (Govaerts et al., 2010). Hence, VLEs should constantly provide some

kind of personalized feedback that allows a student to be aware of her own learning process.

To help students to be aware of their learning process, there exists a wide range of pieces of

information that can be used. Broadly speaking, these can be summarized in two types: (1) feed-

back, and (2) formative assessment. According to Nicol and Macfarlane-Dick (2006), feedback

and formative assessment should be used to empower students as self-regulated learners. Good

examples of these two kinds of data are: the activities that have been completed by the student,

the comparison between the learner’s studying pace and the pace suggested by the instructor, the

results that are obtained in automatic tests and mandatory assignments, and so on. Thanks to

this information on the learning process, it is easier for learners to reflect on their actions, level of

attainment of competences, learning progress, etc.

D. To promote social interaction

Feeling of isolation is one of the potential problems from which an online student may suffer (see

section 2.4.1.3). Hence, it is essential to establish mechanisms that reduce this problem. In this

regard, promoting interaction within the classroom may be a solution. Actually, not only may

social interaction avoid the feeling of isolation, but it may also help to improve learners’ perfor-

mance (since students may learn from the interactions with their peers, see section 2.4.1.2). Thus

it is hardly surprising that some learning theories, such as Social Constructivism (Vygotsky, 1978),

stress the need for collaborative learning.

First of all, the use of CMC tools (e.g. e-mail, forum and chat) may enhance interaction among

students and instructors (Tu, 2000). In this regard, both asynchronous and synchronous tools can

be provided, but asynchrony is preferred due to the characteristics of online learners (see section

2.4.1.1). Apart from giving flexibility of time to students (see section 2.2.1), asynchrony also of-

fers the opportunity for critical analysis and reflection before responding to a classmate’s or the

instructor’s message (see section 2.2.7). Due to these advantages, the popularity of using asyn-

chronous online discussion increases over time in online education (Yukselturk, 2010).

In the same way, webs 2.0 currently include functionalities which encourage social interaction
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by allowing users to share their opinions, e.g. “like it” button and star rating. In addition to pro-

moting social participation, these features may provide students with extra information about a

particular item (e.g. a message, a learning resource, etc.). For example, learners could use this

information in order to focus on those items that have been rated positively by their classmates.

Likewise, VLEs could have a collaborative filtering recommendation system which identified in-

teresting items for a particular user from the opinions of other like-minded users. Some research

has already initiated in this field, e.g. (Ghauth and Abdullah, 2011; Soonthornphisaj et al., 2006).

In light of the benefits of social interaction, it becomes evident that any VLE should include

tools that promote the social interaction of a student with her classmates and instructors.

E. To provide teachers with a student monitoring tool

As said in section 2.4.2.2, in an educational environment where the student plays an active role,

such as those based on self-regulated learning and/or the tenets of Constructivist, the role of

the teacher has shifted from a transmitter of knowledge to a facilitator who guides the students

through the learning process and arranges meaningful learner-centered experiences. In this re-

gard, teachers come up against serious difficulties when they play this new role in an online course.

One of the main hurdles that online teachers have to overcome is the loss of control over their stu-

dents due to the lack of F2F contact. Such loss complicates the tracking of students’ progress and,

consequently, it is more difficult for teachers to provide just-in-time assistance and forecast po-

tential problems (e.g. dropouts).

Having detected the previous problem, it is concluded that online instructors need appropri-

ate means to set up a monitoring process. In this regard, although the current VLEs provide the

teachers with student monitoring tools, these are not effective because they give tracking data in

an awkward format (see section 3.5.2). Therefore, offering a user-friendly student monitoring tool

is an indispensable requirement that a VLE should fulfill.

F. To help teachers to design their courses

As said in section 2.4.2.3 and discussed in section 3.5.2, one of the barriers to teaching online is the

lack of appropriate design and development tools that help faculty to easily plan and deliver online

instruction. As explained, most of the current VLEs merely provide a set of forms that request

information from teachers in order to create the different types of items that are part of the course.

As observed, VLEs do not give the instructors guidance on how to design their courses. Due to

this, the teachers may be unable to adapt their designs to the platform in the best way. Likewise, as

some lecturers may not be used to using the platform or they may even lack skills to design online

courses (see section 2.4.2.3), they may not take advantage of all the features that the platform

offers. Consequently, the design of the course may not be as effective as possible.

For all of these reasons, it is strongly recommended integrating a user-friendly tool that ac-

tively supports course design into the VLEs’ framework.
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4.3.4.2 Information structure

The information structure of a VLE can influence the learning process (see section 3.3.2). This is

why the database schema should not be a hodgepodge of pieces of data, but it must be consistent

with the particularities of the agents that participate in online education and the tenets of the

learning theories that are used. Hence, each piece of data that is added to the structure should

make sense from an educational perspective.

In this thesis, two recommendations related to the information structure of VLEs are proposed.

The first one focuses on how to design a course so that this can adapt to different teaching and

learning styles. As for the second heuristic, this tries to make VLEs developers aware of the neces-

sity of finding a balance between simplicity and completeness in the information structure.

Recommendations related to the information structure

G. To provide multiple views of the course

H. To provide a comprehensible and flexible schema

G. To provide multiple views of the course

As discussed in section 2.4.2.1, Constructivism seems to be the most widely accepted learning the-

ory in online education. One of its principles is to provide multiple representations and views

within the learning environment (Squires and Preece, 1999). In this regard, a VLE with multiple

views/course formats (e.g. time-based, table of contents, etc.) can easily accept a more wide vari-

ety of courses than other that only has one view. Moreover, if the teachers could use, at the same

time, as views/course formats as they considered, then such organization would enrich the course.

Likewise, if, for instance, a VLE provided students with multiple views of the same course,

learners could choose the perspective that best met their needs and/or preferences.

In conclusion, the information structure of a VLE should be flexible enough to support a wide

variety of representations simultaneously.

H. To provide a comprehensible and flexible schema

The part of the database schema that is related to the course should have a logical design which

can be easy to understand by any instructor or student. To this end, it is important that the course

structure uses items with which the learners and teachers are familiar.

Moreover, the structure should be as flexible as possible, so that this can adapt to different

situations. To achieve this, it is strongly recommended creating a modular structure in which each

part is independent from the rest. The more modular this is, the easier modifying specific parts of

the structure without affecting the rest will be.

In short, the schema of the information structure should be easy to understand and flexible.
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4.3.4.3 Usability

As said in section 3.3.3, the interface of a VLE can be a barrier to learning online. Therefore, any

aspect related to usability should be studied carefully. This work, as others (Reeves et al., 2002;

Ssemugabi and de Villiers, 2007, see Appendix B.2.3), proposes usability guidelines that are mainly

based on the widespread and time-proven heuristics defined by Nielsen (1994a), but adapted to

the educational context. The usability recommendations that are suggested in this work are:

Recommendations related to usability

I. Match between the VLE and the educational conventions

J. Minimalist design

K. Visibility of system status

L. Error prevention and easy recovery from errors

M. Documentation and help

I. Match between the VLE and the educational conventions

Some of the sets of educational heuristics that are detailed in Appendix B.2.3, such as Squires and

Preece (1999), Reeves et al. (2002) or Ssemugabi and de Villiers (2007), implicitly or explicitly in-

clude the second usability heuristic defined by Nielsen (1994a, see Appendix B.2.2.3), which says

that systems should speak users’ language. In this regard, VLEs do not have to be an exception

and they should use terms, symbols, concepts that are familiar for students and teachers. This

means that conventions, such as the fact that the letter A is the highest grade and F means fail-

ure, should be remained unaltered. Similarly, technical terms (e.g. chat, dropbox, upload, etc.)

should be avoided as far as possible and be replaced with words that are closer to the educational

vocabulary (Laanpere et al., 2004).

In summary, the coherence between the VLE and the educational conventions may help stu-

dents and instructors not to get lost while using the platform.

J. Minimalist design

The interface of VLEs should be intuitive so that users (i.e. students, teachers, administrators, etc.)

are able to understand and learn to use it quickly and effectively. To this end, considering that

most of VLEs are web-based, some web principles defined by Scott and Neil (2009) can be used:

• Make it direct: this means that instead of forcing to edit content on a separate page, let do it

directly in context. This idea can be summarized by using a simple rule said by Alan Cooper
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et al. (2007, cited in (Scott and Neil, 2009)): “allow input wherever you have output”. Some

techniques that enable to put this principle in practice are: in-page edition, drag and drop

and direct selection. As observed, this principle is closely related to WYSIWYG paradigm.

• Stay on the page: this idea is very close to the previous one and it involves creating a con-

tinuous visual perception that enhances flow nirvana (Scott and Neil, 2009). In practice, to

allow to perform actions and display their results in a specific part of the current page with-

out changing the surrounding context, i.e. without refreshing the whole page. Nowadays this

is possible thanks to the rise of new web technologies, such as AJAX.

• Keep it lightweight: this tenet basically indicates that the interaction with an application

should cause the least amount of physical and mental effort for the user. In other words, the

effort required to interact with the VLE should be reduced to the maximum. A manner of

doing this is reducing the number of steps as far as possible. For instance, if an action can be

done with one click, this is better than doing it with two clicks.

This guideline is related to Nielsen’s heuristics #6 and #7 to some extent, i.e. to create an

interface that is easy to learn by minimizing the user’s memory load and to provide expert

users with shortcuts, respectively (see Appendix B.2.2.3).

• Provide invitations: Nielsen’s heuristic #8 says that the information which is irrelevant or

rarely needed should not be displayed because every extra unit of information competes with

the relevant units of information and diminishes their relative visibility. In this regard, tools

and some specific actions are typical items that can be hidden while they are not needed.

Thanks to this, users only focus on relevant content. In order to indicate that the hidden tools

or actions exist, invitations are used. An example of invitation is to change the background

color of an area and the shape of the cursor when the user puts the mouse over an item so that

she can know that element can be edited. Such an invitation avoids putting a static button

that competes with important content on the page. As seen, thanks to using invitations, the

interface can achieve a balance between showing relevant and less important content.

Nevertheless, it is also important to create a system that is easy to use by novices and experts

alike (Nielsen, 1994a, see heuristic #7 in Appendix B.2.2.3). Hence, invitations and explicit

static buttons sometimes have to coexist in order to provide novices and expert with different

ways of doing the same action.

K. Visibility of system status

The system should always keep users informed about what is going on, through appropriate

feedback within reasonable time (Nielsen, 1994a, see heuristic #1 in Appendix B.2.2.3). To this

end, it is essential to use progress indicators. There are other techniques that can be used too, e.g.

transitions, periodic refresh and live preview (Scott and Neil, 2009). Similarly, elements such as

breadcrumbs are also useful to indicate where the user is within the website.
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L. Error prevention and easy recovery from errors

The VLE developers should create systems which prevent users from making serious errors. If an

error occurs, then the VLE should diagnose the problem and suggest a solution. This recommen-

dations is linked to Nielsen’s heuristics #5 and #9 (see Appendix B.2.2.3).

M. Documentation and help

As any device, software, etc., a VLE should provide documentation that helps users to resolve their

problems. This heuristic refers to Nielsen (1994a)’s heuristic #10 (see Appendix B.2.2.3).

4.4 Summary

The complexity and the singularities of the learning process entail a set of changes in the widely

accepted principles of the user-centered design (UCD). As discussed in this chapter, these changes

have given rise to the learner-centered design (LCD) approach, not only as an extension of UCD,

but also as an incipient design paradigm for educational software. One of the main differences is

the goal of the design process. While a UCD tool focuses on making the completion of well-known

tasks easy, an LCD program must support a complex process, i.e. learning. This shift doubtless has

a strong influence on the design decisions.

Regarding this thesis, it was defined a pedagogical approach that, besides being in agreement

with the tenets of Constructivism, takes account of the nature of the online delivery, the require-

ments of online students and teachers as well as other LCD heuristics (see Appendix B.2.3).

In order to achieve the objective O1 , this chapter proposed 13 recommendations (or heuris-

tics) based on the aforesaid pedagogical approach. This set aims to help designers and developers

to create VLEs that are effective for fully online education (see Table 4.2). This set was divided into

3 categories that refers to the keystones of VLEs described in section 3.3: pedagogy, information

structure and usability. As noticed, the suggested heuristics only focus on those aspects that di-

rectly affect the teaching-learning process. This is due to the fact that administrative tasks are out

of the scope of this research (see page 42).

Having defined a set of recommendations, the suitability of each of them has to be assessed.

Thus, the next chapter will evaluate the proposed set with students and teachers.
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5 Evaluation

of the set of recommendations

This chapter evaluates the suitability of the proposed recommendations in a real fully online sce-

nario (research objective O2). This is structured as follows:

• First, the main characteristics of the procedures that were used to evaluate the recommen-

dations suggested in this work are described:

– Real-world evaluation with final questionnaire (see section 5.1.1)

– Interviews (see section 5.1.2)

• Next, it explains how the set of recommendations proposed in Chapter 4 was put into prac-

tice by means of three prototypes of a small VLE called AdVisor. Each prototype is described

in a section:

– AdVisor 0.0 (see section 5.2).

– AdVisor 1.0 (see section 5.3).

– AdVisor 2.0 (see section 5.4).

For each of them, their main features are explained by following a structure based on the the

three cornerstones defined in section 3.3: pedagogical approach, information structure and

interface (i.e. usability). Moreover, the details of their real-world tests are shown together

with the results obtained from their respective questionnaires filled out by students. Regard-

ing AdVisor 2.0, besides the results of the questionnaire, the main conclusions drawn from

the interviews conducted with teachers are presented too.

• The chapter ends with the general conclusions on the set of recommendations which were

drawn from the real-world evaluation and the interviews.
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5.1 Introduction

To evaluate the suitability of the recommendations presented in Chapter 4, a small VLE called Ad-

Visor was built. This platform was developed by using prototyping as the systems development

methodology (see section 1.4.1). From January 2009 to September 2011, three prototypes of AdVi-

sor were created. As prototyping is an incremental process, each prototype (or version) included

new features and, at the same time, attempted to improve the existing ones.

Both students and teachers evaluated the recommendations suggested by this thesis. In this

regard, two different procedures can be distinguished:

Evaluation procedures conducted in this thesis

• Real-world evaluation by using AdVisor prototypes

• Interviews (supported by AdVisor 2.0)

Next, each of them is described.

5.1.1 Real-world evaluation

Each version of AdVisor was tested in a real-world evaluation at the Universitat Oberta de Catalu-

nya (UOC). More specifically, each prototype was tested in two half-yearly courses which belonged

to the Bachelor’s Degree in Telecommunications of the UOC and whose lecture periods were about

four months and a half. The first prototype (called AdVisor 0.0) was tested during the 2009-2010

academic year (September 2009 - June 2010, i.e. two semesters), whereas the other two versions

of the platform (i.e. AdVisor 1.0 and 2.0) were only tested during one semester, i.e. March 2001

- June 2011 and September 2011 - December 2011, respectively. At the end of each semester, an

online self-administered questionnaire was sent to the students so as to know their opinions and,

thereby, to have evidence to validate the recommendations proposed in this thesis. With regard

to the teachers who were in charge of the courses which participated in the tests, they gave their

opinions about the tool throughout the semester in an informal way.

The selected courses were taught both in Spanish (89) and in Catalan (19)1. Before proceeding

with this chapter, it is worthwhile to read the section A.4 in order to understand the assessment

model of the UOC. The courses that took part in the tests were:

• Electric Circuit Analysis (.002): this subject focuses on basic concepts related to analyzing

electric circuits, e.g. Ohm’s law, Kirchhoff’s laws, resistors, inductors, capacitors, etc. This

course has its own lecture notes that include all the contents and, at the same, guide students

through the semester. Due to the large number of new concepts that are taught, the forums

are very active and, hence, they usually have a lot of messages at the end of the semester.

1 Henceforth, the classrooms can be referenced by its code. For instance, the Spanish classroom of Mathematics II will

be 89.008, whereas the Catalan one will be 19.008. As seen, the code of Mathematics II is .008.
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Regarding the assessment, three optional continuous assessment assignments (CAAs) are

suggested by the teacher. In order to pass the course, students compulsorily have to do two

practicals and take an on-site final exam. To do the practicals, students use a protoboard.

This subject was chosen to test the last two versions of the platform, i.e. AdVisor 1.0 and 2.0.

• Mathematics II (.008): this is based on a part of the book “Signals and systems” (Oppenheim

et al., 1996), mainly: continuous-time and discrete-time Fourier transforms. Learners are

provided with short guides that indicate the sections of the book that they have to read.

As as far the assessment model is concerned, students are free to do four CAAs, but they all

have to take a mandatory final exam on site.

This course was used in the three versions of AdVisor.

• Signals and Systems (.011): this subject reviews the concepts taught in Mathematics II and

adds new ones, mainly: the study of the linear systems. Like Mathematics II, the main learn-

ing material is made up of the book “Signals and systems” and short guides.

As for the assessment, four optional CAAs are proposed. If the average grade of the CAAs is

C+, then the student must take a final validation test on site, otherwise, an on-site final exam.

Only the Catalan classroom of this course tested the first prototype, i.e. AdVisor 0.0.

With regard to the test/evaluation stages, it is important to emphasize several aspects:

• The teachers in charge of the three courses attempted to control, as much as possible, those

factors that could change from test to test and, at the same time, could influence the results.

To this end, the instructors tried that both their attitudes and the difficulty of the CAAs, ex-

ams and any other assignments were similar to those of the previous test/semester.

• The researcher monitored each course and each teacher daily so that he could ensure that

the behavior of the different teachers were practically identical. Any technical problem was

managed by the researcher, thereby the instructors only focused on teaching.

• Although Table 5.1 shows that the heuristics related to usability (i.e. I-M) were assessed in-

dividually, these were really evaluated globally under the term usability since it was not pos-

sible to have usability experts or a lab where end-users could test the tool at our disposal.

Hence, this thesis focused on the recommendations linked to pedagogy and information

structure (from A to H). However, this did not mean that the most general usability criteria

were not taken into account during the development of the prototypes.

Table 5.1 shows the recommendations (or heuristics) that were put into practice in each version

of AdVisor as well as the courses in which each prototype was tested. Similarly, Figure 5.1 displays

the timeline of the process that was carried out. Due to the lack of resources and time in the

development stages, not all the recommendations were implemented identically.
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Prototype

Development stage Test stage

Date
Recommendations

Date Courses
A B C D E F G H I J K L M

AdVisor Jan 2009
X X X X X X X X X

Sept 2009 Mathematics II1

0.0 Sept 2009 Jun 2010 Signals and Systems1

AdVisor Jun 2010
X X X X X X X X X X X

Mar 2011 Electric Circuit Analysis

1.0 Mar 2011 Jun 2011 Mathematics II

AdVisor Jun 2011
X X X X X2 X X X X X X X X

Sept 2011 Electric Circuit Analysis

2.0 Sept 2011 Dec 2011 Mathematics II

1 Only the Catalan classroom of this course tested the prototype.
2 This recommendation was implemented by another tool called FACRO and it was evaluated by means of

interviews with teachers.

Table 5.1: Recommendations evaluated in each prototype as well as the courses in which were tested.

5.1.2 Interviews

In order to collect instructors’ opinions in a systematic way, eight semi-structured interviews with

UOC instructors were conducted. Each instructor was asked a predetermined set of questions

and, moreover, was at liberty to discuss and comment anything that she wanted. The interviews

addressed specific questions to elicit information about teachers’ impression and opinions on the

usefulness/suitability of the features proposed by AdVisor 2.0 (i.e. the last prototype). These inter-

views were conducted in December 2012.

At this point, it is worth explaining that a new tool called FACRO (FAceted Class ROster) was

embedded in AdVisor 2.0 in order to evaluate the recommendation E (i.e. to provide teachers with

a student monitoring tool). FACRO was designed and developed from January to May 2012. Details

of this tool are presented in section 5.4.2.4.

5.1.3 Explanatory notes

The rest of the chapter is devoted to explaining each prototype in detail. For each of them, the

following items are described: the recommendations that were evaluated, the main features, the

details of the test, the results obtained from the evaluation, and the conclusions that were drawn.

At this point, the reader should know that the results shown in this chapter are a summary of

the most significant findings and conclusions. For this reason, frequency tables and graphics are

not shown. Likewise, statistical coefficients and tests, such as Cronbach’s alpha coefficient and the

Mann-Whitney (MW) test, are only given when they are really relevant. For example, the result of

the MW test is provided when there is evidence that the two groups disagreed about some aspect.

Appendices D, E and F contain the in-depth analyses of the tests and the interviews on which

this chapter is based. Moreover, they three include the set of questions used in each evaluation.

As seen, different statistical measures and tests are used throughout the chapter and, especially,

in the appendices. For this reason, before proceeding, it is strongly recommended reading the

Appendix C, since it details all the statistical concepts and assumptions used in this chapter and

in the three aforesaid appendices.
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5.2 AdVisor 0.0

5.2.1 Introduction

Once the recommendations described in the Chapter 4 were identified from the literature review,

AdVisor 0.0 was developed from January to September 2009. This first prototype focused on eval-

uating the suitability of the following three recommendations:

Recommendations on which AdVisor 0.0 mainly focused

B. To guide students through the course (see section 4.3.4.1)

C. To provide self-awareness (see section 4.3.4.1)

G. To provide multiple views of the course (see section 4.3.4.2)

Likewise, AdVisor 0.0 took the first steps toward:

H. To provide a comprehensible and flexible schema (see section 4.3.4.2)

Regarding the questionnaire, this tried to collect information in order to:

F. Help teachers to design their courses (see section 4.3.4.1)

As for the recommendations related to the usability criteria (i.e. from I to M), these were evaluated

globally with the term usability.

5.2.2 Design

The main features of AdVisor 0.0 in terms of pedagogical approach, information structure and

interface are described below.

5.2.2.1 Pedagogical approach

The underlying pedagogical approach of AdVisor 0.0 (and the next versions of this VLE) was based

on the one described in section 4.3.3. Moreover, the UOC’s educational model (see Appendix A.3)

was taken into consideration too.

5.2.2.2 Information structure

In order to meet the recommendation G, i.e. to provide multiple views of the course, the informa-

tion structure of AdVisor 0.0 consisted of two parts: the table of contents (TOC) and the schedule.

As for TOC, this was defined as a hierarchical structure which was made up of four elements

(see Figure 5.2):
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• Block: it was the first element of the hierarchy and represented a global concept, e.g. arith-

metical operations in a Mathematics course. It consisted of a description and a list of com-

petences that were developed in the block. Moreover, this was comprised of a set of units.

Finally, a start date and a finish date set its duration.

• Unit: it was a synonym of chapter or topic. For instance, following the previous example,

that block could include the units addition and subtraction. Each unit had a description as

well as a list of sessions. Like the block, start and finish dates indicated how long it took.

• Session: it was equivalent to an F2F lecture. A session consisted of one or more activities.

This had a description and its duration was measured in days by using start and finish dates.

• Activity: it was a task that the students had to do, e.g. a reading, a continuous assessment

assignment (CAA), etc. Thus, this was linked to a resource, e.g. PDF, video, etc. Its duration

was measured in 15-minute intervals, while its start and finish dates were the same as those

defined for the session to which it belonged. An activity only could belonged to one session.

Besides the previous features, the block, the unit and the session had a schedule based on their

child item. For instance, a block provided a schedule based on the units which it contained.

The reason for including these four elements was that the teachers were familiar with them,

since these items already existed in most of UOC subjects. For example, the lecture notes of an

UOC course are organized by units and, likewise, the sessions of AdVisor were similar to the short

weekly guides that are usually provided in each subject (see Appendix A.3). Hence, the structure

was, a priori, easy for teachers and students to understand (i.e. recommendation H ).

Figure 5.2: AdVisor 0.0 – Information structure.
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5.2.2.3 Interface

The interface of AdVisor 0.0 (and the rest of the versions) was developed by using web technologies.

Furthermore, the five recommendations related to the usability criteria identified in the Chapter 4

were taken into consideration. The interface of AdVisor 0.0 mainly consisted of two parts:

.
• Dashboard

• Workspace

Dashboard

When the users accessed to AdVisor 0.0, this first showed a dashboard with personalized informa-

tion (see Figure 5.3). On the left, the dashboard had a list of the courses in which the student was

enrolled. When a learner clicked on a course from the list, the following information about that

subject was displayed on the right: (1) the number of activities that the subject had, (2) the num-

ber (and percentage) of activities that the student had already finished, (3) the last session that

the learner had finished, (4) the date in which she had finished the last session, and (5) the next

session to do. By default, when a student logged in, the data of the first course were shown.

In addition to the previous information, two visual indicators were displayed too:

• Studying pace: this was in the shape of a rectangle and allowed each student to visually com-

pare her studying pace (in blue) with the course’s pace (red line). Moreover, the percentage

of activities performed by the student, i.e. the same information as the one represented by

the blue area, was shown in the middle of the rectangle. As for the teachers, they saw the

class’s studying pace in blue, i.e. the average of all learners’ studying pace.

• Continuous assessment: this indicator looked like an emoticon and informed about the

continuous assessment (CA) grade of the student (or the class). There were three different

emoticons: happy (for grades A and B), neutral (C+ and C-) and sad (D and NP).

As it can be noticed, the idea of the dashboard was to provide a learner with enough informa-

tion in order that she was able to be aware of the status of her learning process. Therefore, the

dashboard was totally aligned with the recommendation C .

Figure 5.3: AdVisor 0.0 – Dashboard. This example shows data about the course Signals and Systems.
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Workspace

In addition to the dashboard, AdVisor 0.0 had a workspace (see Figure 5.4). This was comparable

to an online classroom. Regardless of the subject, the workspace was divided into two comple-

mentary ways of navigation (or views) which could be used simultaneously. Each of them was

linked to one part of the information structure:

• Treeview: this was placed on the left and its structure was a hierarchical tree that enabled to

navigate through the course based on its table of contents (TOC), regardless of the dates of

the course schedule. Hence, this navigation was similar to exploring a book index.

This view only showed the first three items of the structure (i.e. blocks, units and sessions).

When an item of the tree was clicked, it was either expanded to reveal its children or col-

lapsed to hide them.

• Gantt chart: this view showed the schedule of the course or, in other words, the ideal study-

ing pace proposed by the teacher. Thus, this view was related to recommendation B.

This view was placed in the main area of the page and showed the elements that were in-

cluded in the item chosen by the user. For example, the Gantt displayed units if the student

had chosen a block. Each course element was represented by a bar whose length was the pe-

riod of time set by the item’s start and finish dates. Moreover, each bar was colored according

to the status of the element. In this regard, three colors were used:

– Green: this meant that the student had completed all the tasks related to that item.

– Blue: this color indicated that the element was not complete and the current date was

previous to the item’s finish date.

– Red: this showed a item that was behind schedule, i.e. this was not complete and its

finish date was prior to the current date.

The completion of an activity was marked by the students manually. The other items (i.e.

block, unit and session) were automatically marked as complete when all their children were

finished. Hence, the completion process was bottom-up (from the activity to the block).

This feature tried to help learners to be aware of the status of their learning process (i.e. on,

behind or ahead of schedule) and, hence, it accorded with recommendation C .

Both types of navigation were connected. Thus, when an item of the TOC (i.e. treeview) was

clicked, in addition to revealing/collapsing its subitems, the main page showed its description and

the Gantt chart with its subitems. Similarly, when a user clicked on a bar of the Gantt chart (i.e. an

element), the same item in the treeview was expanded and, in turn, its description and Gantt chart

were displayed in the main page. Moreover, the Gantt had a link to go back to the parent item.

Last but not least, when an activity was selected (only possible from the Gantt chart), its re-

source (e.g. PDF, video, simulation, web link, etc.) was shown by using a lightbox, i.e. an effect that

fades the page in the background to show new content in the foreground (see Figure 5.5). Besides

the resource, two radio buttons were displayed at the bottom of the lightbox. These two buttons

allowed learners to mark the activity as finished or unfinished.
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Figure 5.4: AdVisor 0.0 – Interface and navigation through the structure of the subject: course, block, unit

and session (top-down). The last picture, i.e. the session, shows a Gantt chart that displays activities. Its

timeline is based on periods of 15 minutes, unlike the rest of Gantts that are divided into days.
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Figure 5.5: AdVisor 0.0– Activity’s lightbox. In this example, the resource is a PDF file.

5.2.3 Test

During two semesters, September-December 2009 and February-June 2010, AdVisor 0.0 was tested

by the Catalan students from Mathematics II (.008) and Signals and Systems (.011). The use of

AdVisor 0.0 was voluntary and it could be used together with the online classroom of the UOC’s

Virtual Campus. Because this prototype did not have any type of two-way communication tool, all

the students had to use the forums of the UOC classroom.

5.2.4 Evaluation

In order to evaluate AdVisor 0.0 and the recommendations that were put in practice, a question-

naire with 21 questions was created. Most of the questions were based on a 5-point Likert scale,

but also there were some open text questions that enabled the students to write their opinions

and suggestions. Likewise, there were multiple-choice questions that allowed the respondents

to choose more than one option. As said in section 5.2.1, this prototype and, hence, the ques-

tionnaire, mainly focused on evaluating recommendations B, C and G (see sections 4.3.4.1 and

4.3.4.2). The questionnaire is available in Appendix D.1.

At the end of each semester, the questionnaire was sent to all the students who were enrolled

in some of the two courses2. As for the first semester, this was sent on December 18, 2009 and was

available until February 10, 2010. The number of students was 120 (89 from Mathematics II and

31 from Signals and Systems). Regarding the second semester, the questionnaire was sent to 106

students (58 from Mathematics II and 48 from Signals and Systems) and was available from July

2 to August 8, 2010. As a result, the total number of potential respondents was 226, i.e. 147 from

Mathematics II and 79 from Signals and Systems.

2 The learners who were in both courses received the e-mail once and were labeled as students of Mathematics II.



94 Chapter 5. Evaluation of the set of recommendations

5.2.5 Results

This section presents the main conclusions and results extracted from the collected responses. Ap-

pendix D.2 contains much more details about the responses to each question. Besides the results

of the questionnaire, this section shows the remarks made by the teachers during the test.

5.2.5.1 Reliability of the results

As for the reliability of the test, one of the most important aspects to be considered was the volun-

tary use of the platform. This meant that most of the respondents had not used AdVisor 0.0 all the

time. Hence, it was needed to be cautious about the significance of the results obtained, since the

responses, despite being useful, may have been based on an incomplete vision of the platform.

Considering the optional use of AdVisor 0.0, the response rate (20.8%, 47 of 226 learners) was

a good figure. However, although over 91% of the respondents were older than 25 (i.e. the average

age of online students according to Gilbert (2000)), the sample was biased. The main reason was

that they all belonged to Engineering courses and 89.4% of them were men. More details about the

respondents’ profile are given in Appendix D.2.2.

For all of these reasons, the answers from the questionnaire could not be generalized to all

online learners. Thus, the results could only be used to extract trends of online students’ opinions

of the recommendations proposed in this work, rather than drawing definitive conclusions.

5.2.5.2 To guide students through the course (recommendation B)

As said in section 5.2.1, one of the goals of AdVisor 0.0 was to evaluate if it was suitable that VLEs

guided students through the course (i.e. recommendation B). To this end, an organizational ele-

ment called session was specially designed (see section 5.2.2.2).

The questionnaire revealed that 86.9% of the respondents found the course organization based

on sessions useful (4, 39.1%, median) or very useful (5, 47.8%, mode). However, 1 out of 4 respon-

dents said the sessions were overloaded, i.e. the real workload was greater than the estimated one.

In this regard, 72.3% of those polled indicated that the optimal workload of a session would be be-

tween 1 and 2 hours. This range included the average duration of the respondents’ study sessions,

i.e. 1 hour and 45 minutes (see section 5.2.5.5).

From the aforesaid results (see an in-depth analysis in Appendix D.2.5), it was concluded that

recommendation B seemed to be suitable and, thus, the session should be promoted in future.

5.2.5.3 To provide self-awareness (recommendation C)

Another goal of AdVisor 0.0 was to provide students with enough information that allowed them to

monitor their own learning process and, thereby, to be aware of their status in the course (i.e. rec-

ommendation C). To this end, a dashboard with personalized data was shown (see section 5.2.2.3).

According to the results, only 6.8% of those questioned rated the dashboard 1 (very poor, 4.5%)

or 2 (poor, 2.3%). Moreover, 50% of the responses were 4 (useful, mode and median).
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The excellent result of the dashboard (see more details in Appendix D.2.6) led to the conclusion

that the students considered having personalized information on their learning progress to be very

important. In other words, recommendation C seemed to be appropriate for online education.

Finally, although the proposed dashboard still lacked a lot of data (e.g. to show assessment in-

formation, the unfinished activities that have expired, etc.), this seemed to be adequate for meet-

ing recommendation C . As a result, this element would have to be in AdVisor 1.0.

5.2.5.4 To provide tools that help students to be self-regulated (recommendations B and C)

Recommendations B and C aim to help students to self-regulate their learning process. Thus,

they two could be part of a single recommendation: to provide tools that help students to be self-

regulated. As they both have a common goal, the session and the dashboard (i.e. the two items

related to these heuristics) would have to be correlated. According to Spearman’s correlation coef-

ficient, there was a moderate correlation (ρ = .411) that was highly significant (p = .006). Hence,

it seemed that those students who found the sessions useful also rated the dashboard positively.

Besides the session and the dashboard, other items, such as the Gantt chart and the option that

enabled to mark an activity as complete, were created to support self-regulation. With the aim of

evaluating all these characteristics as a whole, the following question was asked: “to what extent

did AdVisor help you to self-regulate your learning process?”. 40.5% stated that AdVisor 0.0 had

helped them to be self-regulated significantly (scores 4 and 5), being 3 (normal, 38.1%) the mode

and median. Furthermore, those who rated 1 (nothing, 9.5%) could have been considered outliers.

Despite the necessity of being careful with the significance of this result, everything seemed to

indicate that AdVisor 0.0 laid the foundations of a platform for supporting self-regulated learn-

ing . Lastly, Appendix D.2.7 expands on the analysis provided in this section.

5.2.5.5 To help teachers to design their courses (recommendation F)

Providing teachers with the study habits of their online learners may help them to design their

courses better (i.e. recommendation F ), e.g. to determine what type of activity to use and its

duration. Likewise, these data may be useful to improve the effectiveness of learning tools. Due to

this, learners were asked about their study habits. From the answers collected, the study strategy

used by most of the respondents can be characterized as follows (more data in Appendix D.2.4):

Study strategy of the respondents

• Preferred study place: home

• Preferred days to study: indistinctly, i.e. both weekdays and on the weekend

• Number of days per week in which the learner studies: about 4.5 days

• Average duration of a study session: 1 hour and 45 minutes

• They often study more when continuous assessment assignments’ deadline is close
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As all the respondents were enrolled in the UOC, it was difficult to generalize the previous study

strategy to the population of all online students. However, this showed tendencies of behavior of a

small sample. Consequently, this information could, in some way, help the teachers to effectively

design their courses thenceforth (i.e. recommendation F ). For example, they could try to adapt

the sessions to the optimal workload suggested by the respondents, i.e. 1 hour and 45 minutes.

Apart from being useful to the instructors, this information about the study habits could also be

used to create a smart course authoring tool in the future. Such a course editor could, for instance,

warn the instructor when she created a session whose workload exceeded the optimal duration.

5.2.5.6 To provide multiple views of the course (recommendation G)

AdVisor 0.0 was a first step toward providing students with multiple views of the same course. In

this regard, the information structure organized the courses into two views (section 5.2.2.2): (1) the

table of contents (TOC), and (2) the schedule. This organization was also reflected in the interface

via the two kinds of navigation that were part of the workspace: (1) the treeview, and (2) the Gantt

chart (see section 5.2.2.3). As observed, the workspace involved a radical change compared to the

UOC classroom, since the learners simultaneously saw the two types of navigation/views of the

course. Despite this change, 66.7% found the workspace good (4, 48.9%, mode and median) or

very good (5, 17.8%), being the score 1 (very poor, 4.4%) an exceptional value.

Likewise, according to 38.5% of the respondents, the two types of navigation (or views) were

equally useful. By contrast, 33.3% found the Gantt chart/schedule more useful, whereas 28.2%

opted for the treeview/TOC. Such was the similarity between the two views that there were no rea-

sons for removing any of them. As a result, they both would have to remain in future prototypes.

In the light of the aforesaid results, it could be concluded that providing multiple views made

sense and, consequently, recommendation G seemed to be suitable. Thus, AdVisor 1.0 would have

to deal with the provision of different perspectives of the same course in depth. In this regard,

some students requested for a view that displayed the CAAs. The reason for that could have been

that a significant number of learners studied according to the CAAs’ deadline (see section 5.2.5.5).

Finally, an extended analysis of the previous results can be found in Appendix D.2.8.

5.2.5.7 To provide a comprehensible and flexible schema (recommendation H)

The teachers in charge of the two courses which were part of the test stated that the information

structure was easy to understand, but also they argued that it was too rigid and thus restricted

the design. In fact, this forced instructors to create courses which had both a table of contents

and a schedule. Therefore, AdVisor 0.0’s schema met the recommendation H partially and, con-

sequently, AdVisor 1.0 would have to focus on designing a more flexible information structure.

5.2.5.8 Usability (recommendations I-M)

As said in section 5.2.1, the recommendations I-M were evaluated globally with the term usability.

More specifically, the students assessed the usability of the double navigation, i.e. the core of the
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workspace. In this regard, only 4.3% found the double navigation not at all usable (score = 1). The

rest rated it 3 (neither usable nor useless, 31.9%) or higher, being 4 (usable, 38.3%) the mode and

median. Hence, the usability of the double navigation was evaluated very positively, especially

if the differences between AdVisor and the UOC classroom are taken into account.

Moreover, it was asked how to display the activities. From the responses, it was concluded that

it would be suitable to replace the lightbox with web browsers’ tab and window.

More details about the usability evaluation of AdVisor 0.0 can be found in Appendix D.2.9.

5.2.5.9 Future improvements

To improve AdVisor in the next version, a list of items to be added/improved was given to the

respondents (multiple choices were allowed). From the responses (extended data is given in Ap-

pendix D.2.10), it was concluded that the next prototypes should focus on assessment and forums.

5.2.6 Conclusions

Broadly speaking, AdVisor 0.0 was well received by the students. To check that this positive eval-

uation was uniform in the whole platform, a Spearman’s correlation was run to determine the

relationship between the two main sections of AdVisor, i.e. the dashboard and the workspace. The

correlation was strong (ρ = .775) and highly statistically significant (p = 0). Therefore, those learn-

ers who rated the dashboard positively also evaluated the workspace with high scores. In other

words, the whole platform was evaluated in the same direction which, as seen, was positive.

Some comments supported the previous result: “good system”, “very good”, “I think that it is

suitable”, “it has been very useful”, “I find it perfect. Any help like this is well received”. “I think

this system should be promoted”, “I think that all the courses should have a similar platform”, etc.

Because one had to be careful about the significance of the results obtained (see section 5.2.5.1),

the main conclusion to be drawn from this test/questionnaire was that it seemed that the respon-

dents had found recommendations B, C and G suitable. This tendency would have to repeat itself

in future tests/prototypes. In this regard, to guarantee that all the respondents of the future tests

had a well-founded opinion about the platform before filling out the questionnaire, the use of Ad-

Visor would thenceforth be mandatory. Thereby, a more reliable analysis would be conducted.

Lastly, the main aspects that would have to be improved by AdVisor 1.0 are enumerated below:

Main improvements to make in AdVisor 1.0

• The balance between the sessions’ real and estimated workload.

• The dashboard should display more information, e.g. the grade of each CAA.

• To add more views. One of the them would have to be linked to the CAAs.

• To create a flexible schema which allows to use the views that are really required.

• To replace the lightbox with web browsers’ tabs/windows.
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5.3 AdVisor 1.0

5.3.1 Introduction

AdVisor 1.0 was developed from June 2010 to March 2011 by taking all the suggestions and possible

improvements collected from AdVisor 0.0 into account. This second prototype continued with the

evaluation of the same recommendations that were studied in AdVisor 0.0 and added another one:

recommendation A. Hence, the principal recommendations studied in AdVisor 1.0 were:

Recommendations on which AdVisor 1.0 mainly focused

A.To define competences and objectives clearly (see section 4.3.4.1)

B.To guide students through the course (see section 4.3.4.1)

C.To provide self-awareness (see section 4.3.4.1)

G.To provide multiple views of the course (see section 4.3.4.2)

Like AdVisor 0.0, this new prototype also tried to:

H. Provide a comprehensible and flexible schema (see section 4.3.4.2)

Moreover, the information on study habits obtained from the questionnaire of AdVisor 0.0 was

provided so as to:

F. Help the teachers who participated in the test to design their courses (see section 4.3.4.1)

With regard to the recommendations which dealt with issues related to usability (I-M, see sec-

tions 4.3.4.3), despite not being the main focus of this thesis (see section 5.1), a more in-depth

evaluation was conducted compared to that of AdVisor 0.0.

5.3.2 Design

As said, the development of AdVisor 1.0 lasted about ten months. This meant that this prototype

had a large number of new features and changes, which mainly affected the information structure

and the interface. Next, the most relevant aspects that were improved/added are described.

5.3.2.1 Pedagogical approach

The underlying pedagogical approach of the platform remained exactly as that of AdVisor 0.0, i.e.

the pedagogical approach described in section 4.3.3 plus the UOC’s educational model (see Ap-

pendix A.3), but including degree competences and course objectives in order to meet recommen-

dation A. According to the UOC3, the terms competence and objective can be defined as follows:
3 Retrieved from http://www.uoc.edu/portal/en/universitat/model-educatiu/eees/eees/faq/ (March 18, 2013)
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Competence and objective

• Competence: it is the group of skills that a person puts into practice when carrying

out their professional and academic activity in an efficient, independent and flex-

ible way. With the EHEA, the design of degrees is based on the competences that

different academic and professional profiles require in the reality of the labor mar-

ket.

• Objective: this is the group of knowledge, skills and attitudes, expressed with regard

to learning, which the student has to achieve during the course of the subject. The

achievement of the objectives of each subject contributes to acquiring the compe-

tences of the degree.

As it will be explained in sections 5.3.2.2 and 5.3.2.3, the inclusion of these two elements en-

tailed some changes in AdVisor 1.0’s information structure and interface.

Thanks to the information collected from the questionnaire of AdVisor 0.0, some guidelines

were given to the teachers who used AdVisor 1.0. These mainly focused on the design of the sched-

ule. For example, as it has been shown in the third screenshot of the Figure 5.4, the sessions in Ad-

Visor 0.0 were designed in such a way that many of them had a duration of one day (i.e. start date

= finish date), since the teachers understood a session as totally equivalent to an F2F class. Given

that many online students are not able to follow a proposed schedule to the letter, one could realize

the importance of defining a more flexible session design. Thus, it was suggested distinguishing

between the duration and the workload of the sessions as follows:

Distinction between the workload and the duration of a session

• Workload: the sum of the durations of all the activities which belong to the session.

• Duration: interval of time in which is advisable to perform all the activities of the

session. This is defined by the start and finish dates of the session.

As a result, for instance, a session could last one week and have a workload of two hours. This

would mean, in other words, that the students would have one week to perform a set of activities

which would last two hours. Thanks to this recommendation, the workload was the same as that

of an F2F lecture, but the duration available to do it was more flexible. This directly meant two

improvements: (1) the teachers were provided with a design guideline that was more suitable for

online courses (this improvement was aligned with recommendation F ), and (2) the information

provided by the Gantt chart was more realistic since the students clearly saw the time which they

had in order to perform the activities that belonged to each session.

Likewise, as 26.2% of the respondents found the sessions of AdVisor 0.0 overloaded (see section

5.2.5.2), teachers were advised that sessions’ workload would have to last about 1 hr and 45 min.
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5.3.2.2 Information structure

The information structure underwent the most significant change. As it was concluded in section

5.2.5.7, one of the main problems that the previous prototype had was the rigidness of its structure.

Due to this, teachers were forced to organize their courses by using four elements: block, unit,

session and activity. The question was obvious: what happened if an instructor preferred another

hierarchy? This was simply impossible. Moreover, the teachers had to mandatorily provide data

about the table of contents and the schedule so as to fill out the hierarchical tree and the Gantt

chart. What happened if a course did not have a schedule or a table of contents? AdVisor 0.0 could

not manage that course correctly and, therefore, the workspace did not work. Thus, the design of

the courses was clearly limited by the information structure of AdVisor 0.0.

As a result of the aforesaid problems, a new information architecture was proposed (see Figure

5.6). Firstly, taking recommendation G into account, a course was divided into four indepen-

dent and optional information spaces (or views) that focused on specific parts of the subject : (1)

schedule, (2) table of contents (TOC), (3) competences and objectives, and (4) assessment. As

seen, the two first spaces already existed in AdVisor 0.0, but the other two were new. The first one,

i.e. the schedule, remained exactly the same as in AdVisor 0.0. However, the TOC underwent a sig-

nificant change in order that the teachers were at complete liberty to organize it as they wanted.

Thenceforth there were not blocks, units and sections any longer, there were only a hierarchy

of labels. As a result, the instructors could create as many sublevels as needed. As regards the

space of competences and objectives, this was designed to include these two new elements into

the course structure and thereby meeting recommendation A. Lastly, as for the assessment space,

this was added to satisfy one of the requests that were made in AdVisor 0.0 (see section 5.2.5.6).

Likewise, there was not any direct relationship between the information spaces. Instead, they

all were interrelated through the closest element to the students’ learning process: the activity.

Consequently, the activities became the core of the structure and, at the same time, the unique link

between all the spaces. For that reason, thenceforth, the TOC and the Gantt chart were not directly

connected any longer . All this reorganization allowed to have a flexible structure that adapted to

different teaching styles and types of course. For instance, an instructor could create the schedule

only, without defining the rest of information spaces. Actually, AdVisor 1.0 only required teachers

to create the learning activities in order that it could work.

Figure 5.6: AdVisor 1.0 – Information structure.
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Furthermore, as recommendation H suggests, the proposed structure was modular so that its

modification was easy. For example, adding a new information space was as easy as creating the

tables of the new space in the database and establishing a link between them and the table of the

activities. Likewise, this new organization seemed to be easy for any teacher to understand.

Finally, unlike AdVisor 0.0, an activity could have more than one resource (i.e. PDF, video,

audio, etc.). This change enabled the instructors to define activities that were more complex.

5.3.2.3 Interface

The interface was redesigned radically too. The most significant changes are described below. To

report these modifications, this section is divided into three subsections:

.

• Visual elements

• Dashboard

• Workspace

Visual elements

First of all, this version of AdVisor promoted the use of visual elements to inform students about

the completion and the assessment of the items at any place of the platform. As did AdVisor 0.0,

this new prototype employed a color code (i.e. green, blue and red) to show the activities’ status

(see section 5.2.2.3). However, the use of the color code was expanded to display CAAs’ status. This

visual item was closely related to recommendation C (i.e. self-awareness).

In addition to the colors, three letters were used so as to indicate the assessment type of ac-

tivities, sessions and CAAs: (1) T meant totally graded, (2) P was partially graded, and (3) N was

normal (i.e. no graded). In this regard, an activity could only be either normal or totally graded

(this meant that it belonged to one or several CAAs), whereas a CAA was always totally graded.

Regarding the sessions, they could belong to any of the three types: (1) T indicated that all the

activities of the session belonged to some CAA, (2) P meant that the session included normal and

graded activities, and (3) N pointed out that the session only had normal activities. This visual

element was linked to recommendation B (i.e. guidance through the course).

In order to convey the information of these visual elements (i.e. color and letter) at a glance,

they were often put together by means of an icon (see Figure 5.7).

Figure 5.7: AdVisor 1.0 – Icons that show the status (color) and the type of assessment (letter) of an item.
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Dashboard

In this version, the concept of learning process was expanded. Thenceforth, there was not only

a learning process for each subject like this was in AdVisor 0.0, but there was also a global learn-

ing process that encompassed all the courses in which the learner was enrolled. As a result, the

new dashboard did not only focus on giving a student awareness of each of the courses in which

she was enrolled individually, but it also provided an overview of the learner’s status in all her

courses. Hence, the principal goal of this new version was that the student simultaneously had

both a fine-grained (i.e. each individual course) and a coarse-grained vision (i.e. the overview of

all the courses). This tool was clearly related to recommendation C .

Likewise, the dashboard was enriched with new information and, at the same time, was re-

designed (see Figure 5.8). This was organized into four areas which summarized different types of

information that were important for the students. The four areas of the dashboard were:

• Agenda (top left): this showed the sessions that had to be performed in the next 15 days

ordered by finish date ascendingly, regardless of the course to which the sessions belonged.

• Pace (top right): for each course, this view compared the learner’s studying pace (in orange)

with the course pace (green line). As seen, this information was already shown in AdVisor 0.0

(see section 5.2.2.3). As for teachers, they saw the class’s average studying pace in orange.

• Assessment (bottom left): for each course, this area displayed its continuous assessment

assignments (CAAs) and the grades that the student had obtained. As regards teachers, they

saw the class’s average grade for each CAA.

• Feedback (bottom right): this stored the messages that the teachers had written to the stu-

dent or the whole class. The messages were displayed from the newest to the oldest, regard-

less of the course to which these belonged.

This dashboard was in line with other research works, e.g. (Duval, 2011; Govaerts et al., 2010).

Figure 5.8: AdVisor 1.0 – Dashboard.
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Workspace

The workspace was divided into two parts (see Figure 5.9): (1) the navigation area (top), and (2)

the description area (bottom). As for the navigation area, depending on the choice of the stu-

dent in each moment, this area could display one of the following four visualizations or views

(recommendation G): (1) a Gantt chart (related to the schedule), (2) a treeview (linked to the TOC),

an elastic list (related to the competences and objectives), and (4) a simple list:

• Gantt chart (see Figure 5.9a): one significant difference with its predecessor was that Ad-

Visor 1.0’s Gantt chart only displayed sessions and activities. Hence, the Gantt chart of this

prototype was related to the course’s schedule exclusively (not to the table of contents). De-

spite this change, it worked in a similar way. Like AdVisor 0.0, a session bar could be clicked

to see a Gantt chart that displayed the activities which belonged to that session. That Gantt

chart allowed a learner to know what activities she had to do, in which status they were, how

long they were, what sequence she had to follow and what activities belonged to a CAA.

Unlikely AdVisor 0.0’s Gantt chart, the one of Advisor 1.0 worked like a book and always listed

the same number of bars (i.e. sessions or activities): five. As a result, if a course had, for

example, more than five sessions and a student wanted to see them, then she could use two

buttons that allowed to go forward and back or, in other words, turn page. Likewise, although

the course’s Gantt chart (this showed sessions) always displayed the first page by default,

there was a button that enabled to place the Gantt chart in the current date.

With regard to the visual elements, in addition to the colors (see page 101), each bar had a fill

pattern that acted as a letter: (1) a thin striped bar meant totally graded (T), (2) thick striped

bar were partially graded (P), and (3) a plain bar was normal/no graded (N).

• Treeview (see Figure 5.9b): the main innovation of this view was due to the elimination of the

predefined structure based on blocks, units and sections. Consequently, this view showed a

hierarchy of labels which could have as many sublevels as the teachers needed. Moreover, a

student could choose if she wanted to see activities or sessions when a label was expanded.

Likewise, there was a checkbox that if it was marked, then the treeview only displayed the

activities/sessions that were totally or partially assessed.

• Elastic list (see Figure 5.9c): this view, which was inspired by the work of Stefaner and Muller

(2007), consisted of three columns that contained degree competences, course objectives

and activities, respectively. The height of a competence and an objective indicated the pro-

portion of items associated with it. Hence, the taller the competence/objective was, the more

items it had. The height of each competence indicated the number of objectives linked to it,

whereas that of an objective represented the number of activities that it included. By con-

trast, all the activities had the same height.

Likewise, each competence and objective had an icon that informed whether it had been

achieved by the student (green tick) or not (red exclamation). A competence/objective was

attained when all the items linked to it had been finished. As for the activities, these had an

icon with the status color and the assessment letter (see Figure 5.7).
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With regard to the interaction of this view, a student could click on any item to see what ele-

ments from the other two columns were related to it. For instance, if an activity was clicked,

then the competences and objectives linked to it were highlighted. Thanks to this, students

were able to see the relationships between competences, objectives and activities at a glance.

• Simple list (see Figure 5.9d): depending on the student’s preference, this view showed a list

of activities, resources, sessions or CAAs. The activities and resources were ordered by name,

whereas the sessions and CAAs by start date. The background color of each item indicated

its status, except for the resources, which did not have status.

As seen, the four views displayed learning activities. Moreover, the session played a significant

role in this version of the platform, since three views (i.e. the Gantt, the treeview and the simple

list) showed it. Consequently, the session was considered almost as important as the activity.

Regarding the description area, this showed information about the item that had been clicked

by the user. Hence, if the clicked item was:

• Session: as shown in Figure 5.9a, the description area displayed the session’s name, the start

and finish dates, the number of activities included in the session, a description as well as a

button with the shape of a blue arrow that showed the session’s Gantt in the navigation area.

• Competence or objective: if a competence or an objective was clicked in the elastic list, its

full statement was shown in the description area (see Figure 5.9c).

• Activity: if an activity was clicked in any view, then its name, its duration and a part of its

description were displayed (see Figure 5.9d). In addition to the previous information, the

description area also showed two buttons, a green tick and a red exclamation, which allowed

the students to indicate if they had completed the activity or not, respectively. The presence

of these two buttons avoided opening an activity’s resource so as to update the activity’s

status. Hence, a lot of time was saved and the usability of the system was improved.

The description area also showed a blue arrow that took students to the activity’s page (see

Figure 5.10). This page had three parts: (1) basic information (e.g. duration, status and but-

tons to update), (2) description, and (3) a list of the resources that were used in the activity.

Each resource could be clicked to be opened in a new tab or window depending on the web

browser. Finally, a blue button on the top left corner returned to the workspace.

• CAA: if a CAA was selected in the simple list, then the following data were shown in the de-

scription area: name, start date, deadline, solution date, grades date and the total number of

activities that belonged to the CAA. Likewise, a blue arrow took learners to the CAA’s page.

The appearance of this page was similar to the activity’s one and it also had three parts: (1)

basic information, (2) description and (3) a list of the activities that were related to the CAA.

The information area showed the name and the four dates that a CAA had. Unlike the activ-

ity’s page, this did not have the buttons that updated the status, since the CAA’s status de-

pended on the status of the activities that were related to it. Furthermore, this area showed

the grade that the student had obtained and a link to the CAA’s solution.
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Figure 5.10: AdVisor 1.0 – Activity’s page with the three parts: (1) basic information, (2) description, and

(3) list of resources.

5.3.3 Test

From March to June 2011, AdVisor 1.0 was tested by the Catalan and Spanish learners from two

courses that covered different topics: Electric Circuit Analysis (.002) and Mathematics II (.008).

Unlike AdVisor 0.0, the use of this new prototype was mandatory for all the students who par-

ticipated in the test throughout the semester. Thereby, the answers of the respondents could be

considered more reliable that the ones of Advisor 0.0 (whose use was optional).

Likewise, it is important to stress that, like AdVisor 0.0, this prototype did not have discussion

forums either. Due to the importance that communication has in an online course, the forums and

bulletin boards of the UOC classroom were utilized. Therefore, AdVisor 1.0 provided the students

with the content of the course, whereas the UOC classroom gave the communication tools.

5.3.4 Evaluation

At the end of the semester, more specifically, on June 21, 2011 (i.e. at the end of the semester), a

web-based self-administered questionnaire was sent to all the students (115) who were enrolled in

some of the two courses4. The questionnaire comprised 21 questions, most of which were based

on a 5-point Likert scale. Nevertheless, there were also open questions that asked the respondents

to write their opinions and suggestions freely. The questionnaire was available from June 21 to July

31, 2011 and it can be found in Appendix E.1.

4 The learners who were in both courses received the e-mail once and were labeled as students of Mathematics II.
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5.3.5 Results

This section presents the main conclusions drawn from the questionnaire filled out by the students

after testing AdVisor 1.0. Furthermore, the comments of the teachers who participated in the test

are shown too. Appendix E.2 expands on the analysis of the questionnaire presented below.

5.3.5.1 Reliability of the results

Before showing the results from the questionnaire, it is important to determine the reliability, and

consequently the significance, of the responses. First, unlike the test of AdVisor 0.0, it could be en-

sured that all the respondents had used the platform during the semester. Moreover, the response

rate increased by 15.7% compared to that of AdVisor 0.0. Finally, given that the average response

rate for online surveys is about 33% (Nulty, 2008), 36.5% was a good figure (42 students).

Likewise, the sample of online students met two features of the archetype of online learner

(more details in Appendix E.2.2): (1) older than 25 (around 93%), and (2) online learning experi-

ence (92.9% enrolled in the UOC at least 3 semesters). This led us to think that the sample was a

representative picture of all online students. However, like in AdVisor 0.0, the sample was biased

since all the participants were enrolled in Engineering courses and 95.2% of them were men.

According to the aforementioned aspects, the results were much more reliable than those of

the previous prototype. Nevertheless, a possible extraneous variable was detected too: a few of

the respondents who belonged to Electric Circuit Analysis (.002) were annoyed for having to use

two environments simultaneously, i.e. AdVisor and UOC classroom’s forums. The reason for this

may have been that the forums played a significant role in that subject (see section 5.1) and, as

a result, learners had had to access to these communication tools a lot. Due to this nuisance,

some of the respondents from Electric Circuit Analysis filled out the questionnaire in less than 4

minutes and indiscriminately evaluated some aspects with low scores (i.e. 1 or 2). However, these

students were not removed from the analysis because it was essential to collect all the opinions.

Consequently, the results from Electric Circuit Analysis (.002) were, in general, slightly worse than

those from Mathematics II (.008).

Although the responses were much more reliable than those of AdVisor 0.0 due to the manda-

tory use, it was needed to be careful with the conclusions which were drawn. Even so, the results

gave an insight into the suitability of the proposed recommendations as well as an interesting

range of responses that could be used to extract trends, possible improvements, etc.

5.3.5.2 To guide students through the course (recommendation B)

The questionnaire asked the respondents to rate three items related to the guidance through the

course: (1) sessions, (2) detailed activities, and (3) assessment type of the tasks by means of a visual

element (i.e. a letter or fill pattern). Next, the main results of each item are briefly described.

According to the MW tests, there was disagreement between the groups of Electric Circuit

Analysis and Mathematics II about the organization based on sessions (U = 119.5, Z = −2.545,

p = .011) and the provision of detailed activities (U = 133, Z = −2.189, p = .029). Despite the lack
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of consensus, when the two groups were studied together, around 62% of the respondents rated

these two features 4 (useful, sessions: 33.3%, activities: 35.7%) or 5 (very useful, sessions: 28.6%,

activities: 26.2%). At this point, it is worth stressing that all the students who rated both items

1 (not at all useful, 11.9% and 14.3%) were enrolled in Electric Circuit Analysis. Some possible

reasons for this are given in Appendix E.2.4.

As for the assessment letter (or fill pattern in the Gantt chart), about 44% found this visual

element useful (4, 24.4%) or very useful (5, 19.5%). However, the option neither useful nor useless

(3, 29.3%) was the mode and the median. Given that assessment is important to students (see

section 5.2.5), the previous result may mean that the assessment letter was not at all correct.

In any case, it could be concluded that recommendation B seemed to continue being suitable.

5.3.5.3 To provide self-awareness (recommendation C)

In AdVisor 1.0, the number of items related to self-awareness that were evaluated increased to 5:

(1) status color, (2) the dashboard as a whole, (3) dashboard’s agenda area, (4) dashboard’s pace

area, and (5) dashboard’s assessment area. Next, an overview of the main conclusions drawn from

the responses is presented. A more exhaustive analysis can be found in Appendix E.2.5.

Regarding the dashboard, only 17.1% chose the options poor (2, 9.8%) or very poor (1, 7.3%),

being the latter an exceptional value. Likewise, 56.1% of the responses were equal or greater than

4 (good, 31.7%). As seen, the evaluation of the dashboard in AdVisor 1.0 was good and accorded

with that of AdVisor 0.0 (59.1% responses ≥ 4). This similarity between the results of AdVisor 0.0

and 1.0 meant a reinforcement of the usefulness of the dashboard. Consequently, this element

became a key element of the platform.

Likewise, the evaluation of the dashboard’s information areas (except for the feedback area due

to technical problems) enabled to confirm some preferences of online students. For example, the

good evaluation of the pace area (87.5% responses ≥ 3), taken in conjunction with the high score

of the status color (41.5% responses = 5; 14.6% responses ≤ 2), allowed to affirm that the items

which helped to be aware of the studying pace had been considered to be useful and, hence, these

would have to be promoted in future. Similarly, the fact that the assessment area had the same

result (87.5% responses ≥ 3) proved that the students demanded to be aware of the evaluation,

e.g. to clearly know how many CAAs a course has as well as the grades that they have obtained.

In short, due to the good results of the status color and the dashboard (as a whole and each

information area individually), it could be concluded that it would be important that recommen-

dation C , i.e. providing online learners with information that helps them to be aware of their

learning process, was implemented by VLEs.

5.3.5.4 To provide tools that help students to be self-regulated (recommendations B and C)

As said in section 5.2.5.4, recommendations B and C aim to provide tools that help students to be

self-regulated. In this regard, the Cronbach’s alpha coefficient (α = .95) indicated that the items

of these two recommendations and the aspects “how useful was the option of marking an activity

as complete?” and “to what extent did AdVisor help you to self-regulate your learning process?”
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were intertwined and, hence, measured the same construct: the usefulness of the elements that

support self-regulated learning. The results of the two new aspects are briefly explained below. A

more detailed analysis can be found in Appendix E.2.6.

As for the feature of marking the completion of an activity, the MW test revealed that the differ-

ence between Electric Circuit Analysis and Mathematics II was statistically significant (U = 113,

Z = −2.732, p = .006). Once again, the students from Electric Circuit Analysis rated worse. A

possible explanation for this disagreement is given in Appendix E.2.6. At this point, it is worth say-

ing that, when the two courses were analyzed together, the result was that around 62% had found

marking the completion of an activity useful (4, 23.8%, median) or very useful (5, 38.1%, mode).

In regard to the second question, 66.6% thought AdVisor 1.0 had helped them to be self-

regulated in a normal (3, 26.2%, mode and median) or significant way (score = 4 and 5, 40.4%).

However, in comparison with the previous prototype, a few more negative responses were ob-

tained. In spite of this worsening, the global result was good.

At this point, it is important to stress that the result of the two new questions may have been

biased by the extraneous variable explained in section 5.3.5.1, because all the respondents who

rated both items 1, except for one, were enrolled in Electric Circuit Analysis.

Despite the possible extraneous variables, most of those items of AdVisor 1.0 that were aligned

with self-regulated learning achieved good results (also see sections 5.3.5.2 and 5.3.5.3). Thus,

there was evidence to state that AdVisor 1.0 had helped students to be self-regulated somehow.

5.3.5.5 To help teachers to design their courses (recommendation F)

The teachers who participated in the test were provided with the information about the study

habits that had been collected from the questionnaire of AdVisor 0.0. The objective was to help

the instructors to design their courses. However, as it is explained in Appendix E.2.4, the teachers

(especially the one of Electric Circuit Analysis) did not design the schedule appropriately, e.g. too

many sessions, imbalance between the real workload and the estimated one, etc.

The available evidence clearly led to the conclusion that the courses still needed to be im-

proved, being the sessions the principal problem. As a result of the design problems, recommen-

dation F gained importance.

5.3.5.6 To provide multiple views of the course (recommendations G)

This section deals with the evaluation of recommendation G by analyzing:

.

• Usefulness of the relationships between the activities and the rest of the course

elements

• Use of each view

Next, the results of each aspect are shown. More details are given in Appendix E.2.7.
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Usefulness of the relationships between the activities and the rest of the course elements

As the information structure of AdVisor 1.0 revolved around the learning activity, the questionnaire

asked the students how useful was to know the relationship that existed between the learning ac-

tivities and each of the course elements provided by AdVisor 1.0 during their learning process.

From the responses, the following ranking was created:

1. CAAs: the relationship between the activities and the CAAs was clearly the first one because

64.3% of the respondents rated it very useful (score = 5), being the mode and the median.

2. Schedule/session: this had a median and a mode of 4 (useful, 57.1%). Although this and the

next two relationships shared the same median and mode, the distribution of the responses

of the schedule/session was slightly better than the TOC’s and course objectives’ one. In fact,

its percentage of responses equal or greater than 4 was 88.1%, whereas thoses of the TOC and

the objectives were 80.9% and 76.2%, respectively.

3. Table of contents (TOC): based on the previous explanation, this relationship was third.

4. Course objectives: this ranked fourth since it was evaluated a little bit worse than the TOC.

5. Degree competences: although its mode and the median were the same as those of the pre-

vious three relationships (i.e. 4, useful, 41.5%), its distribution was the most right-skewed.

Use of each view

As said in section 5.3.2.3, the workspace of AdVisor 1.0 consisted of four views that were related to

the information spaces of the structure. Knowing the amount of time that each view had been

used by the students could be helpful to discover, together with the responses of the previous

question, which parts of the course (i.e. information spaces) had been more important/useful.

Thus, the following question was asked: “how long did you use each view provided by AdVisor

1.0?”. A ranking, from the most to the least useful view, was compiled from the responses obtained:

1. Gantt chart (schedule): its mode and median were 4 (quite a lot, 33.3%), becoming the most

used view. This result, along with that of the dashboard’s pace area, suggested that the re-

spondents had found useful to have information on the course pace and their own studying

pace. Likewise, this view may have been useful to the learners who studied in a constant way.

2. Simple list (assessment + activities + resources): the second position of this view (mode =

4; median = 3.5) revealed that many students may have preferred knowing what activities

they had to do during the semester without considering the proposed dates. Another reason

may have been the fact that this view listed the CAAs (i.e. the mandatory activities) at a

glance. Hence, this view matched the necessities of an significant proportion of students

who organized their learning process according to the CAAs’ deadlines (see section 5.2.5.5).

3. Treeview (table of contents): the fact that this view was not directly related to either assess-

ment or schedule, the two most important aspects to the students according to the previous

question, may have been the reason for its third place (mode = 3 and 4; median = 3). Despite
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being less important than the previous two views, the treeview might have been useful when

the learners wanted to review a specific concept.

4. Elastic list (competences and objectives): its fourth position (mode = 2, 3 and 4; median =

3) was to be expected, because the current students may not yet be used to seeing a course

from a perspective based on degree competences and course objectives.

Conclusions

As seen, the assessment and the schedule were the most useful pieces of information to the stu-

dents. First of all, the relationship between the learning activities and the CAAs was ranked first,

whereas the one between the activities and the sessions was second. Likewise, the Gantt chart was

the most used view, which meant that knowing the course schedule was very important to online

students during the semester. As for the simple list, which showed the CAAs, this was the second

most used view. Hence, the most useful items were those that were closer to the coursework, i.e.

what activities are part of the assessment and when they have to be performed.

Broadly speaking, the new information structure seemed to encompass the most important

aspects of a course, except for the discussion forums. In this regard, a comment suggested that

each activity had its own forum. Moreover, in order to avoid the problems arisen in Electric Circuit

Analysis, the inclusion of forums would have to be a priority in the next prototype.

In conclusion, it seemed that the provision of multiple views (i.e. recommendation G) was

accepted by all the respondents. Actually, two people even proposed another view: one that dis-

played the relationship between one course and the rest of the subjects of the degree. In that view,

the courses could be linked through the prerequisites, shared topics, etc.

5.3.5.7 To define competences and objectives clearly (recommendation A)

As seen in the previous section 5.3.5.6, the relationships between the activities and the course

objectives and the degree competences were ranked in the penultimate and last position, respec-

tively. Furthermore, the respondents expressed that the elastic list (i.e. the visual representation

that showed them) had been the least used view. As a result, the fact that the teachers had defined

the degree competences and the course objectives clearly (i.e. recommendation A) was not found

useful by the respondents. This trend would have to be confirmed in the next prototype.

As observed, there was still a long way in order that students got used to paying attention to

degree competences and course objectives. For that reason, it would be important to promote

the use of these items in future, because they are essential when any course is designed and, at

the same time, they may be very useful to help students to be self-regulated (they indicate what is

expected from learners). To this end, it would be essential the support of teachers.

5.3.5.8 To provide a comprehensible and flexible schema (recommendation H)

AdVisor 1.0 had a new information structure which provided students with more views. Thus,

the platform could better adapt to their preferences and necessities. Moreover, this schema was
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devised to create independence between the information spaces so that the design of a course was

a more flexible task than it had been in AdVisor 0.0, e.g. (1) it did not force teachers to use a view

that they did not want, and (2) it allowed to add/remove spaces easily without affect the rest.

Likewise, the teachers who participated in the test expressed that the schema included parts of

a course with which instructors were familiar. As a result, the schema was easy to understand.

In conclusion, AdVisor 1.0 seemed to meet recommendation H .

5.3.5.9 Usability (recommendations I-M)

As said in section 5.3.2.3, each information space was displayed by using a specific visual represen-

tation (i.e. a view). In this regard, the schedule used a Gantt chart, the competences and objectives

were represented by an elastic list, a treeview displayed the table of contents, and the CAAs were

shown by a simple list. Each representation was evaluated by the respondents in terms of:

.

• Usability

• Suitability

The first aspect asked: “to what extent was each view easy to use?”. The second issue in turn

focused on knowing to what extent each representation was suitable for the data that it showed.

To understand the difference between both concepts, let us imagine a view that uses a calendar to

show the schedule. This could be easy to use, but other representation could be more suitable, e.g.

a Gantt chart. From the responses, the next ranking was derived (more details in Appendix E.2.8):

1. Simple list: 50% found this representation usable (4, 40%, mode) or very usable (5, 10%). As

for its suitability, 45.2% thought that the simple list was suitable (4, 26.2%) or very suitable

(5, 19%), being the option normal (3, 35.7%) both the mode and the median.

2. Treeview: 45% found it usable (4, 27.5%) or very usable (5, 17.5%). However, the two groups

disagreed about its suitability (MW test: U = 125, Z = −2.242, p = 0.025). Once again, the

students from Electric Circuit Analysis rated worse. Even so, 39% of all the respondents had

found the treeview suitable (4, 22%) or very suitable (5, 17.1%).

3. Gantt chart: the evaluation of this visual representation in terms of usability and suitability

was quite similar to that of the elastic list. However, the score of the Gantt chart was slightly

better, especially regarding suitability (see more details in Appendix E.2.8).

4. Elastic list: in regard to usability, this view obtained a mode and a median of 3 (neither usable

nor unusable, 33.3%). As for suitability, its mode and median were also 3 (normal, 42.5%).

As seen, the simple list and the treeview were the best rated representations in terms of usabil-

ity and suitability. One reason for this may have been that both visualizations already existed in

any operative system (OS) and, therefore, the learners were used to utilizing them. By contrast, the

Gantt chart and the elastic list required the students to learn how they worked.
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Considering AdVisor 1.0 was a prototype whose design mainly focused on aspects related to

pedagogy and information structure, the evaluation of the usability (and suitability) could be

considered good. Nevertheless, several problems were detected: (1) interaction was not intuitive

enough, (2) some students remarked that some information was not visible at a glance, (3) too

many clicks were needed to reach the resources that were linked to activities, and so on. As a

result, the page layout should be rethought to be more effective.

Moreover, some views lacked functionalities. This hindered the learners from having a satis-

factory experience. For example, the Gantt chart had two drawbacks: (1) it did not allow to mark

a whole session as complete, each activity had to be marked individually instead, and (2) it always

showed the first sessions of the course by default, instead of the current ones based on the date.

Due to all the aforesaid problems, AdVisor’s interface would need to be redesigned so as to be

more user-friendly and aesthetically pleasing .

5.3.5.10 Overall experience

The questionnaire revealed that 73.8% of the respondents had had at least an acceptable experi-

ence with AdVisor 1.0 (responses ≥ 3), being the value 4 (good, 33.3%) the mode and the median.

Hence, the respondents’ experience was, in general, satisfactory. However, the individual analysis

of each course brought to light some latent issues. For example, 33.33% of the respondents from

Electric Circuit Analysis expressed that they had had a very bad experience (score = 1).

Moreover, 69% of the respondents expressed that they would use the platform again. However,

there was discrepancies between the two groups (MW test: U = 137, Z = −2.144, p = .032). In

fact, there was much more rejection in Electric Circuit Analysis (44.4% responses = no) than in

Mathematics II (12.5% = no). The main reasons for this difference may have been the same as the

ones that have already been explained previously (see section 5.3.5.1 and page 229).

An extended analysis of this section is given in Appendix E.2.9.

5.3.6 Conclusions

Like the previous prototype, AdVisor 1.0 was favorably received. As said in section 5.3.5.1, despite

the possible bias caused by the lack of discussion forums within the framework of the platform,

the results really gave a first insight into the suitability of the recommendations proposed in this

thesis. In this regard, the findings of this test would have to be confirmed in the next prototype.

Lastly, the main aspects that would have to be improved by AdVisor 2.0 are enumerated below:

Main improvements to make in AdVisor 2.0

• The balance between the sessions’ real workload and estimated one.

• To add discussion forums to the information space as a new view.

• To improve the usability of the platform, especially the views of the workspace.
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5.4 AdVisor 2.0

5.4.1 Introduction

Thanks to the lessons learned from AdVisor 1.0, a new version of the platform was developed from

June to September 2011. This third prototype, in addition to focusing on the recommendations

evaluated in AdVisor 1.0, put recommendation D in practice due to the inclusion of forums.

Likewise, from January to May 2012, a new tool called FACRO (FAceted Class ROster) was de-

veloped in order to meet recommendation E . This new tool was embedded in AdVisor 2.0.

Recommendations on which AdVisor 2.0 mainly focused

A. To define competences and objectives clearly (see section 4.3.4.1)

B. To guide students through the course (see section 4.3.4.1)

C. To provide self-awareness (see section 4.3.4.1)

D. To promote social interaction (see section 4.3.4.1)

E. To provide teachers with a student monitoring tool (see section 4.3.4.1)

G. To provide multiple views of the course (see section 4.3.4.2)

Likewise, AdVisor 2.0 tried to:

H. Provide a comprehensible and flexible schema (see section 4.3.4.2)

Moreover, the data on study habits collected from AdVisor 0.0’s questionnaire was provided to:

F. Help the teachers who participated in the test to design their courses (see section 4.3.4.1)

Finally, although the evaluation of the usability (i.e. recommendations I-M ) was not one of the

main goals of this thesis, a more exhaustive analysis than that of AdVisor 1.0 was carried out.

5.4.2 Design

This new prototype was developed in only three and a half months. In that period, two goals were

mainly set: (1) to add discussion forums, and (2) to improve the usability of the interface.

Likewise, as said previously, a new tool called FACRO was created to meet recommendation E .

Later, this was embedded in the framework of AdVisor 2.0.

Next, the most important improvements of AdVisor in terms of pedagogical approach, infor-

mation structure and interface are described below. Moreover, the main features of FACRO are

explained too.
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5.4.2.1 Pedagogical approach

There were not changes in the underlying pedagogical approach of the platform. This remained

as that of AdVisor 1.0 (see section 5.3.2.1). Hence, this was based on the pedagogical approach

described in section 4.3.3 and took the UOC’s educational model into account (see Appendix A.3).

5.4.2.2 Information structure

The information structure of AdVisor 1.0, which consisted of 4 information spaces and one shared

element (i.e the activity), was expanded. In this new prototype, in order to implement recommen-

dation D and avoid using two platforms, a space related to the discussion forums was added. Like

the rest of the spaces, this was also linked to the learning activities. Thereby, each activity had its

own discussion forum. This meant that all the messages were categorized based on the activity to

which they belonged. Hence, the implicit structure of the platform promoted that messages were

better organized by following a logical classification. This design was totally in accord with one

comment written by a respondent of AdVisor 1.0 (see section 5.3.5.6).

As a result of the new space, the information structure of AdVisor 2.0 had 5 spaces which

revolved around the learning activity (see Figure 5.11).

5.4.2.3 Interface

As discussed in section 5.3.5.9, the usability of the interface was one of the aspects which needed

more improvements. Hence, the interface of AdVisor 1.0 was redesigned to enhance the user ex-

perience. For this purpose, the comments of the questionnaire of AdVisor 1.0 were taken into

account. The most important changes, categorized into three classes, are described below:

.

• Style

• Dashboard

• Workspace

Figure 5.11: AdVisor 2.0 – Information structure.
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Figure 5.12: AdVisor 2.0 – Dashboard.

Style

The visual style of the platform was changed completely. This new version tried to be closer to

the UOC campus’s style by using similar colors, font family, etc. Thereby, users (both students and

teachers) could feel more comfortable with AdVisor 2.0.

Dashboard

As said in section 5.3.5.3, the dashboard’s feedback area did not work in AdVisor 1.0 because of

technical problems. Likewise, because the new information space of AdVisor 2.0 had a forum for

each activity, it was needed to provide users (both learners and teachers) with a summary which

showed, at a glance, what forums had unread messages. As a result, the fourth area of the dash-

board was devoted to displaying the unread messages of the discussion forums, instead of pro-

viding feedback messages (see Figure 5.12).

The other three areas remained identical, except for some visual changes. In this regard, the

agenda was the one which underwent a major change. In this version, the sessions were ordered

by date like in AdVisor 1.0, but, at the same time, they were grouped by course.

Workspace

The workspace continued being divided into two parts (see Figure 5.13): (1) the navigation area

(top), and (2) the activity area (bottom). With regard to the navigation area, this had six tabs at the

bottom. They each took the user to a different view (see Figure 5.14). This prototype kept the views

of AdVisor 1.0, but it included some changes. Firstly, the Gantt chart enabled to mark a session as

finished, which marked all the activities that belonged to it as complete (see Figure 5.14a). This

made the interface more usable.
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Figure 5.13: AdVisor 2.0 – Workspace: (1) the navigation area (at the top) displays the course’s schedule

through the Gantt chart, and (2), at the bottom of the workspace, the activity’s page is shown.

Another change was the fact that the simple list was divided into two new views:

• Activities and resources: this only showed activities and resources, depending on the user’s

preference. Hence, this was a limited version of the former simple list (see Figure 5.14d).

• Assessment: due to the large importance that the respondents attached to assessment, it

was created a view specially designed to show CAAs (see Figure 5.14e). Unlike the activities

and resources, this view had an ad hoc design.

Besides the modification in the simple list, a new view was devised to display the learning ac-

tivities’ discussion forums (see Figure 5.14f). This view consisted of two parts. On the left hand,

there was a list with all the forums (one per activity), whereas the main area showed the mes-

sages. For each message, the following information was provided: writer, title, preview of the text

of the message, number of attachments, number of replies, number of like-it’s, and if the message

had been marked as relevant by the teacher. Furthermore, depending on the user’s role, different

actions could be performed. If the user was a student, then she could indicate if she liked the mes-

sage by using the thumb-up/like-it button. Otherwise, if the user was a teacher, she could grade

the messages from 1 to 5 as well as labeling them as relevant (by using the star button).

As a result of the aforesaid changes, the available views in AdVisor 2.0 were (see Figure 5.14): (1)

schedule (i.e. Gantt chart), (2) table of contents (i.e. treeview), (3) competences and objectives (i.e.

elastic list), (4) activities and resources (i.e. part of the former simple list), (5) assessment (i.e. part

of the former list, but displayed in a new way), and (6) discussion forums (i.e. new view). Moreover,

with regard to the layout, the size of the navigation area was increased until taking up the width

of the page. Likewise, the icons that allowed to change of view was replaced with tabs.
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As for the bottom area, this displayed a redesigned activity’s page instead of showing any item’s

description. Thanks to this new use of the bottom area, the activity’s information could be shown

without removing the top space (i.e. the navigation area). However, if the student wanted to focus

on the activity’s page, an arrow button enabled to hide the navigation area and expand the bottom

space until taking up all the page. The expanded page looked like the activity’s page of AdVisor 1.0.

Due to its new position in the workspace, the activity’s page was redesigned. This was made up of

three tabs/sections (see Figure 5.13):

• Information (first tab): this showed the following information: title, duration, status (i.e. fin-

ished, delayed, pending), the session to which it belonged, part of the table of contents that

it covered, the course objectives that were achieved by doing the activity, and the description

of the activity. Moreover, by clicking on the status, this changed from pending/delayed to

complete and vice versa. The content of this tab is shown in Figure 5.13.

• Resources (second tab): this section showed the list of resources that belonged to the current

activity. The resources could be any kind of multimedia resource, e.g. PDF, video, hyperlink,

etc. If the mouse hovered over a resource, then a tooltip showed the activities that used it.

• The activity’s forum (third tab): this tab showed the activity’s forum. From here, students

and teachers could write and read any message that was related to the chosen activity. Its

look and feel was the same as that of the navigation area, but without the left menu.

To show the description of an element of the navigation area that was not an activity (i.e. ses-

sion, competence, objective, CAA or resource), a tooltip was shown when the mouse was over it.

5.4.2.4 FAceted Class ROster (FACRO)

FACRO was a graphical interactive educational monitoring tool which used information visual-

ization (InfoVis) techniques. This enabled instructors to monitor the class and, at the same time,

look at the details of a particular student. This tool was made up of two parts:

.

• Faceted browsing

• Data portrait

Both parts are explained below. This section only focuses on the features of the tool, the litera-

ture review on educational monitoring tools is given in Appendix G.

Faceted browsing

Faceted browsing is becoming a popular method to allow users to interactively search and navigate

through complex information spaces (Koren et al., 2008). This is widely used on many e-commerce

websites such as eBay R⃝ and Wal-Mart R⃝. A faceted browser provides users with facet-value pairs

that are used for query refinement . Faceted browsing is made up of three stages (Yee et al., 2003):
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Figure 5.15: FACRO – The opening stage of the faceted browser proposal. Students remain anonymous.

• Opening: in this stage, the interface shows the whole collection and all the facets that can be

used to do the search.

• Middle game: this allows users to iteratively narrow down the result set by defining con-

straints on the values of one or several facets. This process refines the search query.

• End game: this occurs when the user finishes the search by selecting an individual item from

the result set and its information is detailed.

At this point, the question that arises is: why can faceted browsing be suitable for educational

monitoring in an online environment?. Unlike the other proposals, which show graphics with

predefined attributes or queries (see Appendix G), faceted browsing allows teachers to perform

an exploratory search strategy by using a wide range of orthogonal variables (i.e. facets). Thanks

to this, instructors can gain an insight into the behavior of their students by iteratively submitting

tentative queries based on more than one facet at the same time. This iterative process (i.e. the

middle game) finishes when teachers find relevant information that they did not know or when the

result set meets a specific set of requirements that instructors wanted. At that moment, teachers

can either use the information found to make decisions (e.g. to send an e-mail or start a new

search), or click on a student to see detailed information about her. As seen, faceted browsing

seems to be good at monitoring a classroom, since it allows instructors to define any tailored query

and find relevant information that they did not know while they explore/refine the result set.

The faceted browser included in FACRO (see Figure 5.15) used information visualization (InfoVis)

techniques to effectively display data collected from AdVisor 2.0, leaving knowledge inference in

teachers’ hands. Hence, data mining techniques were not used to obtain underlying information.

With regard to its interface, 2D graphics were used and its layout consisted of two areas. The

main one showed the class roster. Unlike the other monitoring tools which use graphical symbols
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Category Facet Values Type

Basic Gender male, female or all Nominal

information Status new (i.e. first time in the course), repeat or all Nominal

Performance
Studying pace [0%, 100%] Numerical

Assignments grade [NA (Not Assessed),NP (Not Presented),D,C-,C+,B,A] Nominal

Num. initial posts [0, max. num. messages posted by a student] Numerical

Num. replies [0, max. num. replies written by a student] Numerical

Forums Num. messages read [0, num. messages in the forum] Numerical

participation Average grade of messages [0, 5] Numerical

Num. highlighted messages [0, num. messages highlighted by the teacher] Numerical

Table 5.2: FACRO – Facets of the faceted browser.

(e.g. points, squares, bars, etc.) to represent students, FACRO represented the class as a set of cards

in which each one included the student’s name and photo. Hence, given that there is evidence for

the existence of a dedicated face processing system in human’s brain (Zhao et al., 2003), FACRO

took advantage of the effectiveness of students’ pictures.

On the left, there was a menu that had different facets whereby the teachers could narrow down

or order the class. Table 5.2 gathers the facets that were included along with their possible values.

The chosen facets encompassed the three aspects studied by Mazza and Dimitrova (2003): (1)

sociality (i.e. forum participation), (2) cognition (i.e. assignments grade), and (3) behavior (i.e.

studying pace). At this point, it is important to stress that the facets related to resources, such as

the number of times that an item has been accessed, were not included because AdVisor 2.0, the

platform from which FACRO collected the data, did not provide this information.

As shown in Table 5.2, facets could have either nominal or numeric values. Those facets that

allowed gradation were represented with sliders. Likewise, to indicate the number of students in

each facet value, numbers in parentheses and histograms were used. Moreover, their values were

updated depending on the data set that was shown in the main area. This helped teachers to set

more meaningful queries during the middle game.

As said, teachers could sort out the result set. This could be ordered by the learners’ name, the

studying pace or the average grade of the assignments, in ascendant or descendant order.

Finally, different visual elements were used to represent more variables in the main area. The

background color of each card indicated the learner’s studying pace. As a result, the more orange

the background was, the more advanced the student was. Besides the background color, the card

could have a red border that meant that the average grade of the assignments was C- or less and,

hence, that student would not pass the course if the term finished at that moment. Moreover,

the border of the photo could be drawn with black dashes, which indicated that the student was

repeating the subject . Likewise, and because the result set could be ordered, the position of the

cards was another visual element that gave extra information to instructors. For instance, if a

teacher sorted their learners by the average grade of the assignments in ascendant order, then the

students with lower grades were place in the top positions.
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To better understand how the proposed faceted browser worked, let us see an example. From

the opening stage shown in Figure 5.16a, a teacher could define any query. For example: “to re-

trieve, ordered by studying pace in a descendant way, those students who, regardless of their par-

ticipation in forums, are not repeating the course and, at the same time, have achieved 24% of

activities as well as they have an average grade of the assignments equal or greater than C+”. If the

previous query were executed, then the result set would be that of Figure 5.16c. In this regard, Fig-

ure 5.16b shows the transition between the opening (see Figure 5.16a) and the middle game (see

Figure 5.16c). As seen, instructors could see how some of their students would change their posi-

tions or even how some of them would disappear. Thanks to the possibility of seeing the transition,

teachers would obtain an extra cue that would help them during the exploration.

Lastly, it is worth stressing that Figure 5.16c could be either an intermediate step of the middle

game or the last one. This depends on whether the teacher prefers to narrow down the result set

by changing some facets or she wants to select one student (i.e. the end game).

Data portrait

In addition to the information about the whole class, instructors also need to know details of a

specific learner quite often. In this regard, the great majority of monitoring tools usually show the

same kind of graphic for both the class and the learner. In contrast, FACRO suggested using a novel

technique, called data portraits, to display an individual student’s information.

According to Donath et al. (2010), “data portraits depict their subjects’ accumulated data rather

than their faces. They can be visualizations of discussion contributions, browsing histories, social

networks, travel patterns, etc. (...). Data portraits depict a person through their digital archive”. In

short, the idea behind data portraits is to compactly show a large amount of information from

an individual in a single graphic. Some examples of data portrait are:

• PeopleGarden (Xiong and Donath, 1999): this is a metaphor in which each user is a flower

and, consequently, the forum is a garden. Each petal symbolizes a message written by the

user. Thus, the number of petals indicates the user’s posting frequency. Hence, the more

petals a flower has, the more active the user is. Likewise, the color of the petal represents if

the message is an initial post (in magenta) or a reply (in blue). Moreover, pistil-like circles

are used at the top of the petals to show how many responses each message has received. To

display how old a message is, petals, like in the real life, fade over time.

• Authorlines (Viégas, 2004): it is an horizontal timeline with vertical monthly dividers that

represents the user’s yearly posting behavior in a set of newsgroups. Each month is divided

into weeks, and each week is shown as a vertical lineup of circles. Each circle represents

a conversation and its size indicates the number of the author’s messages in that thread.

Authorlines places threads that were initiated by the author above the timeline, whereas the

rest of threads to which she contributed are placed underneath the timeline.

• Daisy maps (Icke and Sklar, 2008): this is a star-shaped glyph that displays the scores re-

ceived on different parts of an assignment (e.g. reading, writing, etc.). Therefore, each stu-

dent is a daisy map and each ray has a color depending on the score attained.
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(a) Opening

(b) Transition

(c) Middle game

Figure 5.16: FACRO – Execution of a query in the proposed faceted browser.
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(a) Active (b) Threads initiator (c) Replies a lot (d) Lurker

(e) Pass and repeat (f) Fail and no repeat (g) Drop out and repeat

Figure 5.17: FACRO – Different examples of student data portraits.

• Lexigraphs (Dragulescu, 2009): it is a group of data portraits in which each user is repre-

sented as a face-like outline. Each one is drawn by the words written in the user’s Twitter

account. As a result, silhouettes are updated with each new tweet.

FACRO’s data portrait (see Figure 5.17) created a snapshot of an individual student from the

data of her learning process, i.e. the facets of Table 5.2, except gender. The data portrait appeared

over the faceted browser when the teacher moved the mouse over the student’s card.

Visually, the proposed data portrait was a bar which was divided into five squares: (1) num-

ber of initial posts (in dark blue), (2) number of replies (light blue), (3) number of read messages

(pink), (4) the average grade of the messages (green), and (5) the number of highlighted messages

(orange). As observed, these five squares represented the student’s forums participation. Each one

of them changed its opacity so as to indicate the level of achievement. The lighter the color of the

square was, the lower student’s performance in that item was, and vice versa.

Likewise, the border of the bar could be red or black. The color red meant that the student

would not pass if the course finished at that moment. Moreover, the border could be drawn with

dashes. This indicated that the learner was repeating that course.

There were also two red markers above and underneath the bar. The former represented the

studying pace (in percentage), i.e. how many activities the learner had already finished. Hence,

the top of the bar worked as a continuous axis that went from 0% to 100%. Regarding the second

marker, this indicated the average grade of the assignments. In this case, the bottom of the bar

worked as a discrete axis whose values were: NA/NP (no attendance/no presented), D, C-, C+, B

and A. Each value coincided with the ends of each square.

In order to better understand how FACRO’s data portrait should be interpreted, Figure 5.17

shows several examples of students’ behaviors. For instance, the learner in Figure 5.17a partici-

pates actively in the forums, since she has written (opaque dark blue) and replied (opaque light

blue) a lot. Moreover, she has read most of the messages (opaque pink).

As for the student in Figure 5.17b, she has initiated a lot of conversations (opaque dark blue),

but she has not replied to other messages (transparent light blue). Therefore, she only writes when

she initiates the conversation. By contrast, the learner in Figure 5.17c helps her classmates by

participating in threads initiated by others (opaque light blue). However, she has not initiated any

conversation. Moreover, the teacher has highlighted some of her messages (opaque orange). As

seen, the students of Figures 5.17b and 5.17c participate in forums actively, but in an opposite way.
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According to Taylor (2002), the learner in Figure 5.17d would be a lurker, i.e. a user that writes

occasionally or not at all (transparent dark and light blues), but she regularly participates as a

reader (opaque pink). Furthermore, lurker students usually obtain similar grades to more active

learners. For example, in Figure 5.17d, the student has a B as the average grade of her assignments

(see the bottom axis), whereas the learner of Figure 5.17a has an A.

The last three data portraits show: Figure 5.17e) a student who is repeating (dashed border)

and, at that moment, she would pass the course (she has a C+); Figure 5.17f) a lurker who does ac-

tivities, but she would fail because she has not handed in any CAA (red border and bottom marker

in the beginning); and Figure 5.17g) a student who has dropped out (all the squares are transpar-

ent, her studying pace is null and she has not handed in any CAA) and, moreover, is repeating.

As seen, thanks to the proposed data portrait, it is possible to compact a student’s learning

process in a single image. Thereby, teachers may be able to get an overall idea of a learner at a

glance and compare students with each other easily.

5.4.3 Test

AdVisor 2.0 was tested in a real-world scenario from September to December 2011. Like the pre-

vious prototype, AdVisor 2.0 was used in Electric Circuit Analysis (.002) and Mathematics II (.008)

mandatorily. Both courses were taught in Spanish (89) and Catalan (19). Likewise, they both did

not undergo significant changes compared to the previous semester, being the teaching staff and

the learning material the same. Moreover, the difficulty of the CAAs was very similar.

5.4.4 Evaluation

On January 20, 2012, a web-based self-administered questionnaire was sent to the 115 students

who were enrolled in Electric Circuit Analysis (.002) or Mathematics (.008)5. The questionnaire

had 27 questions, most of which were based on a 5-point Likert scale (see Appendix C.2). However,

some questions were open, allowing the respondents to write their opinions freely. The question-

naire was available until February 24, 2012 and can be found in Appendix F.1.1.

Besides the students’ responses, the opinions of eight teachers were collected too. However,

instead of a test and a subsequent questionnaire, eight semi-structured interviews were conducted

with teachers who belonged to the UOC. Each of the interviewees was asked a predetermined set

of questions, leaving her free to discuss and comment anything that she wanted.

The interviews addressed specific questions to elicit information about teachers’ impression

and general comments, as well as their opinions about the usefulness of the proposed features of

AdVisor 2.0. Moreover, some impromptu questions were added depending on the interviewees’

speech. Appendix F.2.1 shows the predetermined set of questions which was asked.

The interviews were conducted in December 2012, after the test of AdVisor 2.0 and once the

first version of FACRO had been finished. During the interviews, the audio was recorded and the

researcher wrote down the most significant comments. At this point, it is worth stressing that the

interviewees had not seen any version of AdVisor before the interview.

5 The learners that were in both course received the e-mail once and were labeled as students of Mathematics II.
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5.4.5 Results of the questionnaire

This section discusses the results of the questionnaire conducted with students as well as the com-

ments made by the teachers who participated in the test. Appendix F.1.2 contains an in-depth

analysis about the responses to each question.

5.4.5.1 Reliability of the results

The use of AdVisor 2.0 was mandatory for all the students. This allowed to ensure that the respon-

dents had used the platform in depth and, hence, their opinions were well-founded. However, this

was not enough to state that the results were reliable. Apart from the compulsory use, the follow-

ing question had to be answered positively: were the respondents a representative sample of the

potential end-users of the system?. In this regard, one of the aspects that allows to achieve a high

degree of representativeness is the size of the sample. Regarding the test of AdVisor 2.0, 42 students

filled out the questionnaire, which meant a good response rate (38.3%). However, the size per se

does not guarantee that the sample is able to represent a target population accurately. Besides the

size, it is also essential to select a sample which represents the target population in so far as it pos-

sesses all the characteristics of the population. As detailed in Appendix F.1.2.2, the profiles of the

respondents and the population were practically identical, except for the fact that 86.4% of those

questioned were men. Even so, considering the response rate as well as the size and the profile of

the sample, it could be concluded that the sample was acceptable.

Regarding the variables that could have affected the reliability of the results, these were mini-

mized as much as possible. For example, thanks to the inclusion of the discussion forums, AdVisor

2.0 allowed the students to carry out the whole learning process without using the UOC class-

room. Students only had to use the UOC classroom in order to submit their solutions to the CAAs.

During the semester, this action was done five times in Electric Circuit Analysis and four times in

Mathematics II. As a result, the extraneous variable of the test of AdVisor 1.0 was removed.

However, it is worth emphasizing that the generalization of the results may have been affected

by the fact that all the respondents were enrolled in a technological degree.

In conclusion, despite the limitations of the sample, this was quite representative (and more

reliable than that of AdVisor 1.0) to gain an insight into the suitability of the recommendations pro-

posed in this thesis. Therefore, the results from AdVisor 2.0, along with those of AdVisor 1.0, pro-

vided a first validation of the suitability of the recommendations proposed in this thesis. More-

over, these results laid the foundations for future research on this field, e.g. new experiments with

students from different degrees and universities.

5.4.5.2 To guide students through the course (recommendation B)

As in AdVisor 1.0, recommendation B was also evaluated through: (1) the organization based on

sessions, (2) the detailed activities, and (3) the assessment letter/fill pattern. A detailed analysis

can be found in Appendix F.1.2.4.

As for the sessions, 51.2% of the respondents found them useful (4, 25.6%, median) or very
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useful (5, 25.6%), being the distribution multimodal with values 3, 4 and 5. Likewise, 55.8% rated

the provision of detailed activities 4 (useful, 30.2%, mode and median) or 5 (very useful, 25.6%).

As seen, the percentage of positive responses (≥ 4) was very similar for both elements, but it was

worse than that of AdVisor 1.0, which was equal to 62% (a possible explanation for this decrease is

given in Appendix F.1.2.4). Even so, over 74% of the responses were equal or greater than 3 (neither

useful nor useless) in both elements.

As regards the assessment letter (fill pattern in the Gantt chart), this was evaluated very posi-

tively, because only 10% thought this item had been not at all useful (1, 2.5%) or not very useful

(2, 7.5%). This figure was 26.7% in AdVisor 1.0. Moreover, in the case of AdVisor 2.0, the score 1

(not at all useful, 2.5%) was an outlier value. Hence, the evaluation of this element improved a lot.

In short, it could be concluded that the guidance through the course (i.e. recommendation B)

had been found useful by the respondents, since, for the previous three items, the percentage of

responses that was equal or greater than 3 (neither useful nor useless) was: 76.7%, 74.4% and 90%,

respectively, being at least 51% of the responses equal to 4 (useful ) or 5 (very useful ).

5.4.5.3 To provide self-awareness (recommendation C)

The usefulness of providing information that helps students to be self-aware of their learning pro-

cess was measured by means of an explicit question, “to what extent did AdVisor help you to be

aware of your situation in the course?”, and the evaluation of six items: (1) the status color, (2)

the dashboard as a whole, (3) the dashboard’s agenda area, (4) the dashboard’s pace area, (5) the

dashboard’s assessment area, and (6) the dashboard’s forums area. Next, a summary of the results

is presented. Appendix F.1.2.5 expands on the analysis provided in this section.

Only 13.6% of the respondents said that AdVisor 2.0 had not helped them to be self-aware

(i.e. scores 1 and 2). By contrast, most of those questioned said that the platform had helped them

quite a lot (4, 43.2%, median). This was an excellent result which was supported by the results of

the items related to self-awareness:

• Status color: 77.3% of the respondents found it useful (4, 40.9%, mode and median) or very

useful (5, 36.4%). Moreover, the values 1 (not at all useful, 4.5%) and 2 (not very useful, 2.3%)

could have been considered outliers.

• Dashboard: 81.8% rated it 3 (fair, 29.5%) or greater, being those who chose not at all useful

(1, 4.5%) outliers. Its evaluation was very similar to that of AdVisor 1.0 (82.9%). This similarity

and the good results suggested that the dashboard had been really useful to the students.

• Dashboard’s agenda area: the responses were very scattered (IQR = 3). As a result, the me-

dian was 3 (fair, 25%) and the mode was 5 (very good, 27.3%). This meant 70.5% of the

respondents rated the agenda area 3 (fair) or greater (AdVisor 1.0: 79.4%).

• Dashboard’s pace area: the usefulness of the this area was surprisingly low in comparison

with the previous prototype: 69.8% rated it 3 (fair, 27.9%, mode and median) or greater (Ad-

Visor 1.0: 87.5%). From the questionnaire, no explanation could be found.
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• Dashboard’s assessment area: 90.9% of the respondents rated it 3 (fair, 38.6%, mode) or

greater (AdVisor 1.0: 87.5%), being the score 1 (very poor, 2.3%) an exceptional value and the

score 4 (good, 29.5%) the median. This proved that the assessment information had been

very important to the learners.

• Dashboard’s forums area: this obtained a mode equal to 5 (very good, 36.4%) and a median

equal to 4 (good, 22.7%), being 81.8% of the responses equal or greater than 3 (fair, 22.7%).

Nevertheless, it is needed to be cautious about this result because it is highly probable that

the large number of forums that AdVisor 2.0 had (i.e. one forum per activity) may have im-

plied the strong necessity (and usefulness) of having this information area.

As seen, the evaluation of the status color and the dashboard confirmed the result of the ex-

plicit question which stated that AdVisor 2.0 had helped the students to be aware of their learning

process. Consequently, it seemed that recommendation C was suitable for online education.

5.4.5.4 To provide tools that help students to be self-regulated (recommendations B and C)

As the Cronbach’s alpha coefficient indicated (α = .932), all the items related to recommenda-

tions B and C , together with the questions “how useful was the option of marking an activity as

complete?” and “to what extent did AdVisor help you to self-regulate your learning process?”,

measured the same construct: the usefulness of the elements that support self-regulated learning.

As for the feature that enabled to mark the completion of an activity/session, only 18.6% con-

sidered it to be not very useful (2, 16.3%) or not at all useful (1, 2.3%). In other words, 81.4% of

the respondents rated this feature 3 (neither useful nor useless) or greater, being around 58.1% of

the responses useful (4, 27.9%, median) or very useful (5, 30.2%, mode) (AdVisor 1.0: 61.9%).

Regarding the second question, it could be concluded that AdVisor 2.0 had helped the students

to self-regulate their learning process, because about 77% of the responses were equal or greater

than 3 (normal, 20.5%) and all the responses with value 1 (nothing, 11.4%) could have been con-

sidered exceptional. Likewise, unlike AdVisor 0.0 and 1.0, the mode and the median were 4 (quite

a lot, 40.9%) instead of 3 (normal ).

As seen, most of those items related to self-regulated learning continued being evaluated pos-

itively. Moreover, the two explicit questions commented in this section obtained better results.

Therefore, it could be concluded that the elements which help to self-regulate learning process

seem to be useful to online students. A more detailed analysis is given in Appendix F.1.2.6.

5.4.5.5 To promote social interaction (recommendation D)

This section focuses on evaluating the usefulness of three of the features that the forums of Ad-

Visor 2.0 had: (1) one forum per activity, (2) like-it button, and (3) to highlight messages. Before

presenting the analysis, it is important to stress that these two last items were not used too much.

Thus, their results had to be interpreted with prudence (more details in Appendix F.1.2.7). In short:

• One forum per activity: 79.1% of the respondents scored this organization of the forums

with 3 (neither useful nor useless, 20.9%) or a greater value. In this regard, 58.1% found it
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useful (4, 27.9%, median) or very useful (5, 30.2%, mode). This could be considered a very

good result, since this organization of the forums was totally new to the students.

• Like-it button: each message had this button which allowed a student to express that she

liked, enjoyed or supported the content of that message. When the learner clicked on the

button, a counter increased and she could not click again. Thanks to this button, any student

was able to know how many classmates liked that message.

The assessment was worse than it was expected, because 39% did not find it useful (scores

1 and 2). However, the mode was 4 (useful, 31.7%) and the median was 3 (neither useful nor

useless, 20.5%). As a result, the only conclusion that could be drawn was that this item would

have to be studied in depth in the future, because the result was not conclusive enough.

• Highlight: the teacher could label a message as important so that their students saw a star

beside the message. This meant that the learners had to pay attention to that message.

The respondents found this feature much more useful than the like-it button. 81.6% rated it

3 (neither useful nor useless, 31.6%) or higher .

From the previous results, it could be concluded that, on the one hand, the use of a forum

per activity was useful to the respondents and, on the other, more research on like-it button and

highlighting messages would have to be done in future so that well-founded conclusions could be

drawn. To this end, elements related to social interaction would have to promoted a lot more.

5.4.5.6 To help teachers to design their courses (recommendation F)

Despite giving the teachers information on learners’ study habits as well as guidelines about how

to create sessions, they were not able to design sessions whose estimated and real workloads were

really balanced. Moreover, there was an excess of learning activities (see Appendix F.1.2.4).

As a result of the aforesaid problems, it seemed that the teachers could need some kind of

assistance beyond the guidelines when they designed their courses (i.e. recommendation F ). In

this regard, a smart course editor which warn the instructors of inconsistencies/mistakes could be

a possible solution. The suitability of this type of automatic assistance was asked to some teachers

via individual interviews (see section 5.4.6.7).

5.4.5.7 To provide multiple views of the course (recommendation G)

Next, the results of all the questions related to recommendation G (i.e. provision of multiple views)

are analyzed. The following analysis is divided into two categories:

.
• Usefulness of having multiple views

• Use of each view

Next, the results of each category are shown. More details are provided in Appendix F.1.2.8.
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Usefulness of having multiple views

The respondents were first asked to explicitly evaluate the usefulness of having multiple views of

the same course. Only 13.6% of the respondents found the provision of multiple views useless

(i.e. scores 1 and 2), being the value 1 (not at all useful, 6.8%) an outlier. 52.3% of the responses

were 3 (neither useful nor useless, mode and median). As a result, it could be concluded that the

evaluation of the provision of multiple views was neutral to good.

As seen in section 5.4.2.2, all the views were linked to the learning activities. The questionnaire

revealed that only 18.7% rated it not at all useful (1, 4.7%) or not very useful (2, 14%), being the

respondents who chose the score 1 outliers. Likewise, the mode was 3 (neither useful nor useless,

30.2%) and the median was 4 (useful, 27.9%). Hence, the connection between the information

spaces through the activities was found suitable.

One of the goals of providing multiple views was to avoid that the students only paid attention

to continuous assessment assignments (CAAs), i.e. the mandatory activities. In this regard, 61.4%

stated that AdVisor 2.0 had helped them to have an overview of the course beyond the learning

activities and the CAAs (i.e. scores 4 and 5), being the mode and the median equal to 4 (quite a

lot, 40.9%). Moreover, the score 1 (nothing, 9.1%) could be considered an exceptional value. These

results were quite good, since a lot of learners usually study according to the deadlines of the CAAs

(as an example, see the study habits of the respondents of AdVisor 0.0 in page 95).

Use of each view

While the respondents of AdVisor 1.0 had had to indicate the use of each view by using a 5-point

Likert scale, the ones of AdVisor 2.0 had to rank the views from the most used to the least. Thereby,

it was possible to create a more exhaustive ranking. The result was as follows:

1. Gantt chart (schedule): this view held the same position as that in the questionnaire of Ad-

Visor 1.0. In this occasion, 50% of the respondents chose the option 1st most used (mode

and median).

2. Simple list (activities + resources): this view had the same style as that of AdVisor 1.0. The

mode (27.3%) was 2nd and 3rd, whereas the median was 3rd.

3. Assessment view (CAAs): although the mode and the median were 2nd (27.3%) and 3rd

(20.5%), respectively, this view obtained more responses within the range 3rd -6th than the

simple list. Therefore, this was ranked third.

4. Forums view: its mode and median were 3rd (22.7%). This fourth position may have been

due to the fact that forums are a key element in online learning.

5. Treeview (table of contents): this, together with the elastic list, was the least used view. Its

mode was 5th (27.3%) and its median was 4th (18.2%).

6. Elastic list (competences and objectives): this view, with a mode and a median of 5th (29.5%),

obtained the same position as that of Advisor 1.0.
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Conclusions

From the previous responses, it could be come to the conclusion that recommendation G were

suitable for online education. Actually, only less than 14% of the respondents did not find having

multiple views of a course useful. This suggested that this feature, which affects the information

structure, was interesting for online students. Moreover, the fact that the activities were the core

of the structure and the common item between information spaces was also rated positively. Like-

wise, according to the respondents, the multiple views had helped, to some extent, to have an

overview of the course beyond the activities and CAAs. Nevertheless, it could be observed that,

like in AdVisor 1.0, the most used views were clearly those which were linked to the schedule and

the assessment. Moreover, the fact that the forums view had been more used than the treeview and

the elastic list confirmed, in some way, what the literature states: social interaction is important in

online education (see section 2.4.1.2).

Finally, it could be concluded that the set of views offered by AdVisor 2.0 was quite complete,

since none of the learners suggested adding or removing some view.

5.4.5.8 To define competences and objectives clearly (recommendation A)

As seen in the previous section, the elastic list (related to the competences and objectives) held

the last position. This meant that recommendation A (i.e. to define competences and objectives

clearly) did not accord with the habits and preferences of online students yet .

As EHEA courses are designed based on the degree competences and the course objectives,

learners should get used to using these two elements. To this end, instructors should stress the

importance of both items and teach students to use them effectively during the learning process.

5.4.5.9 To provide a comprehensible and flexible schema (recommendation H)

The inclusion of the forums view did not affect the design of the courses and, what is more, this

new view allowed to demonstrate that the information structure was flexible and easy to modify.

Therefore, AdVisor 2.0 met recommendation H .

5.4.5.10 Usability (recommendations I-M)

Before detailing the results, it is important to stress that, although Chapter 4 recommended five

usability recommendations, it was not carried out an individual evaluation for each. Instead, a

global evaluation of the usability of AdVisor 2.0 was conducted. The results can be divided into: .

• Usefulness of different elements of the interface

• Ease of use of each view

• Usability of the whole platform

Next, each of the three aspects is briefly analyzed. More details are given in Appendix F.1.2.9.
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Usefulness of different elements of the interface

The usefulness of three elements of the interface was evaluated: (1) the tooltip, (2) the workspace

divided into sections (navigation and activity areas), and (3) the arrow button that enabled to

show/hide the activity area. In this regard, the evaluation of the three items was quite similar:

(1) mode and median equal to 4 (useful, around 50%), (2) the percentage of bad scores (i.e. 1 and

2) was lower than 14%, and (3) those who chose the value 1 (not at all useful ) were outliers. As a

result, it could be considered that the three elements had been suitable and helpful.

Ease of use of each view

Like in AdVisor 1.0, the questionnaire asked the respondents to evaluate the usability of each view

by using a 5-point Likert scale. The following ranking was derived from the results:

1. Assessment: the new view which was specially designed to show CAAs was the most usable

(81.8% responses ≥ 3), with median and mode equal to 4 (usable, 45.5%).

2. Gantt chart: thanks to the changes that were made in this view, the usability of the Gantt

chart improved a lot compared to that of AdVisor 1.0. Such was case that 80.9% found its

usability neither usable nor unusable (3, 33.3%, median) or better (AdVisor 1.0: 73.1%).

3. Activities and resources: this view, which was practically identical to AdVisor 1.0’s simple

list, obtained a distribution that was more disperse than that of the Gantt chart. However, its

usability was acceptable: the median was 3.5, the mode was 4 (usable, 36.4%) and 50% of the

respondents found this view usable (4, 36.4%) or very usable (5, 13.6%).

4. Forums: 75% of the respondents rated its usability 3 (neither usable nor unusable, 34.1%,

mode and median) or higher.

5. Elastic list: the distribution of the responses was practically identical to that of the treeview,

but the percentage of responses equal or greater than 3 (neither usable nor unusable, 35%,

mode and median) was higher for the elastic list: 70%.

6. Treeview: 67.6% of the respondents rated it 3 (neither usable nor unusable, 39.5%, mode and

median) or higher, becoming the least usable view.

At this point, it is worth stressing that it was surprising that the treeview went from the second

position in the previous prototype to the last one in this version. However, this did not have to be

attributed to the worsening of the usability of the treeview, since this was evaluated in AdVisor 1.0

and 2.0 in a similar way, but to the improvement of the rest of the views, specially the Gantt chart.

In conclusion, the usability of the views was, in general, considered acceptable. In some views,

the appraisal of the usability was even better than in the previous prototype.

Usability of the whole platform

Besides studying the usability of each of the views, six aspects that affected the usability of the

platform were evaluated. The assessment of each of them are briefly described below.
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• Learning curve: 59.1% of the respondents agreed (4, 38.6%, mode and median) or strongly

agreed (5, 20.5%) about the fact that AdVisor 2.0 had a quick learning curve. However, 29.6%

expressed that learning to use AdVisor 2.0 had been hard (scores 1 and 2). Thus, the interface

would have to be improved to be more intuitive and, consequently, faster to learn.

• Ease of navigating without getting lost: this aspect obtained a disparity of opinions. On the

one hand, 43.2% indicated that the navigation had been complex (scores 1 and 2, being 2 the

mode), whereas 43.2% expressed that it had been easy (scores 4 and 5). In consequence, the

median was 3 (neutral, 13.6%). Thus, it could be concluded that the respondents found the

navigation through the platform normal to difficult.

• Finding whatever was fast: more students from Mathematics II (57.1%) than from Electric

Circuit Analysis (30.4%) pointed out that too many clicks had been required to find a specific

activity or information. In general, 43.2% of the respondents considered that they had had

to click a lot and, hence, finding something had not been a fast task.

• Important information could be seen at a glance: 29.5% said that the design and the lay-

out of the interface had not helped them to see important information at a glance (scores 1

and 2). Because the interface maybe wanted to convey too many and very different types of

information (e.g. type of assessment, activity status, etc.) simultaneously, the students may

have been overwhelmed by the amount of colors, icons, symbols, and so on.

• The visual style: this aspect encompasses different items: font size, colors, icons, etc. In this

regard, although the median was 3 (normal, 27.3%) and the mode was 4 (suitable, 29.5%),

about 30% expressed that the visual style would have to be improved (scores 1 and 2).

• Response time: 72.7% stated that this was normal (3, 27.3%, mode and median) or fast

(scores 4 and 5). This result was considered quite good, since, unlike the UOC campus which

uses several distributed servers, AdVisor 2.0 only used one server. Moreover, the appreciation

of the response time also depends on multiple factors such as the user’s ADSL speed.

At this point, it is important to emphasize the following aspects:

• As said in section 5.1, the development of the three prototypes mainly focused on those as-

pects related to pedagogy and information structure (i.e. recommendations A-H).

• AdVisor 2.0 was not a stable platform, but a prototype. As a result, it was obvious that it was

needed to spend more resources and time on its development, above all, in terms of usability.

• Users usually have a natural resistance to change and, in this case, most of the respondents

was used to using the UOC classroom, as evidenced by the fact that 84.1% of them had been

enrolled in the UOC for three or more semesters (see Appendix F.1.2.2).

Considering the previous three aspects and the results of the questionnaire, the overall score

of the usability of AdVisor 2.0 could be considered acceptable. Nevertheless, the usability of Ad-

visor would have to be improved a lot in future, since usability is a cornerstone of any application,

including VLEs (see section 3.3).
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5.4.5.11 Overall experience

47.7% of the respondents stated that their overall experience had been good (4, 31.8%) or very

good (5, 15.9%). Moroever, only 15.9% of the respondents had had a bad (2, 11.4%) or very bad

(1, 4.5%) experience. This figure was lower than that of AdVisor 1.0 (26.2%) and those who rated 1

(bad ) were outliers. Therefore, the overall experience could be considered satisfactory and even

better than that of AdVisor 1.0.

Likewise, the questionnaire asked if the respondents would use AdVisor 2.0 in other courses. In

general, the result was worse than that of AdVisor 1.0, since the number of affirmative responses

decreased 14.51%, i.e. from 69.05% in AdVisor 1.0 to 54.55% in AdVisor 2.0. But this did not mean

a bad result, because 14.51% of the responses that stopped being affirmative mainly went to the

no response option, which increased from 4.76% to 13.64% (+8.88%). The negative response, in

turn, only increased 5.63%, i.e. from 26.19% to 31.82%. As seen, the negative responses did not

increase significantly, but there were more respondents who were undecided about if they would

use or not the platform. Some possible reasons for the increase of the no response option can be

found in Appendix F.1.2.10. In short, the respondents’ overall experience was good and over 50%

would use AdVisor again.

5.4.6 Results of the interviews

The previous section allowed to know the opinion of a sample of UOC learners about different

features of AdVisor 2.0 and, consequently, about the set of recommendations. Now, it is teachers’

turn. To collect instructors’ opinions, eight semi-structured interviews with UOC teachers were

conducted. This section presents a summary with the most significant results from those inter-

views. In order to see an in-depth analysis, it is suggested reading Appendix F.2.2.

5.4.6.1 Interviewees’ profile

As said, eight teachers who worked at the Universitat Oberta de Catalunya (UOC) were inter-

viewed. 5 of them were men and 3 were women. The men belonged to IT, multimedia and telecom-

munication department, whereas the women were members of psychology and education sci-

ences department. Moreover, two interviewees were, in addition to teachers, academic directors.

Broadly speaking, they had wide experience on online teaching and they all are usually in

charge of at least 4 courses per semester.

5.4.6.2 To define competences and objectives clearly (recommendation A)

The teachers who participated in the interviews were convinced that most of their students are

not interested in the degree competences and course objectives. For this reason, they thought that

the elastic list (the view which showed these two elements) would be the least useful view and,

therefore, the least used one.

In contrast, the interviewees attached importance to the competences and objectives because,

based on their experience, these were essential to design courses. According to their opinions,
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“[competences and objectives] define the learning process (...)” and “(...) show teachers the main

goal of the course”. Likewise, teachers considered that both items may guide learners through the

course, since these tell learners what is expected from them.

From the responses, it could be concluded that recommendation A made sense because degree

competences and course objectives are very important during the course design stage. Never-

theless, it would still be needed to research on how to show the information of both items to the

students so that it is useful. More information about this recommendation is provided in Appen-

dices F.2.2.2 and F.2.2.3.

5.4.6.3 To guide students through the course (recommendation B)

Firstly, the session was found useful (4, 37.5%) or very useful (5, 62.5%, mode and median). More-

over, 75% thought the functionality of marking an activity/session as finished was very useful. This

explained why the Gantt chart was one of the preferred views of the teachers (see section 5.4.6.8).

In short, it seemed that the fact that a virtual classroom guides the students through the course

was found useful by the interviewees. In other words, they supported recommendation B. More

information is given in Appendix F.2.2.4.

5.4.6.4 To provide self-awareness (recommendation C)

The idea of providing both students and teachers with a dashboard was rated 4 (good, 62.5%, mode

and median) and 5 (very good, 37.5%). The interviewees mainly stressed that “[the dashboard]

provides a large amount of relevant information in a very visual way”.

It is worth stressing that the interviewees had different opinions of the usefulness of AdVisor

2.0’s dashboard depending on whether this was used by the learners or the teachers. In this re-

gard, they all thought the dashboard would be useful (4, 50%) or very useful (5, 50%) to students,

whereas 62.5% thought this tool would be useful or very useful to teachers. The informants indi-

cated that the current proposal of the dashboard was devised to students rather than teachers and,

therefore, several changes should be made in order to satisfy instructors’ needs. The interviewees

suggested some improvements that can be found in Appendix F.2.2.4.

In conclusion, the dashboard proposed in AdVisor 2.0 as well as its purpose (i.e. recommen-

dation C) were well received by the teachers who were interviewed.

5.4.6.5 To promote social interaction (recommendation D)

The responses to the first question related to this recommendation demonstrated how important

forums are in online courses, since 6 out of 8 interviewees answered great a deal (5, 75%, mode

and median). As a result, recommendation D was supported by the teachers. However, some of

the informants said there is evidence that the participation in the forums is decreasing semester

after semester. Despite this, the forums continue being useful, although only a small proportion

of students take advantage of them.

With regard to AdVisor 2.0, the organization based on one forum per activity was found good
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(4, 37.5%) or very good (5, 37.5%) by 75% of the interviewees. In this regard, most of them said that

they usually organize the forums based on one folder per continuous assessment assignment.

Regarding the functionalities that AdVisor 2.0’s forum provided, the like-it button was the least

useful according to the interviewees. By contrast, the option of allowing teachers to highlight mes-

sages was found very useful (5, mode and median) by 87.5%. Likewise, to grade messages was

found useful (4, 50%) or very useful (5, 50%). More information about this recommendation is

provided in Appendix F.2.2.5.

5.4.6.6 To provide teachers with a student monitoring tool (recommendation E)

This recommendation was the one that was studied more in depth during the interview, since it

had not been addressed yet. Appendix F.2.2.6 expands on the information provided in this section.

7 of the 8 interviewees stated that monitoring online students during the semester is very im-

portant (5, 87.5%, mode and median). To this end, they usually use the grades of the continuous

assessment assigments (CAAs), since “[continuous assessment] allows teachers to monitor their

students’ progress”. Besides CAAs, they use other items: participation in the forums, quality of the

messages, e-mails to teaching collaborators, last log-in date, etc. However, they do not obtain all

this information from a single tool, they have to collect it from different sections of the UOC cam-

pus instead. For that reason, they argued that it is necessary (4, 25%) or very necessary (5, 75%)

that UOC campus provides teachers with a tool which helps them to monitor their students.

87.5% thought FACRO, the monitoring tool proposed in this work, would be useful (4, 25%) or

very useful (5, 62.5%). In fact, all the interviewees said that they would use it if this were available.

As seen, monitoring online students is very important and providing teachers with a single tool

from which they can do this task is essential. For all of these reasons, recommendation E seemed

to be totally justified.

5.4.6.7 To help teachers to design their courses (recommendation F)

75% of the lecturers interviewed said that it would be useful (4, 62.5%, mode and median) or very

useful (5, 12.5%) to have a smart course editor which supported teachers while they designed their

subjects. According to the interviewees, this tool could be especially useful to check that the design

of the course was correct. In short, instructors appreciate any help. Therefore, recommendation F

seemed to make sense (see Appendix F.2.2.2).

5.4.6.8 Multiple views from students’ point of view (recommendation G)

All the instructors who were interviewed found the fact of providing learners with multiple views

good (4, 75%, mode and median) or very good (5, 25%). Moreover, 87.5% were convinced that this

feature would enrich the vision of the course that learners usually have quite a lot (score = 4). In

fact, they thought that if multiple perspectives were shown, then many students would go beyond

CAAs and organize their learning process considering other items. Hence, it could be concluded

that the interviewees found recommendation G suitable. Appendix F.2.2.3 gives more details.
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Lastly, the teachers considered that the Gantt chart would be the most used view by their

learners, because this shows information about the course schedule that is essential for any stu-

dent , i.e. what activities learners must do and when. As said in section 5.4.6.2, the elastic list would

be the least used.

5.4.6.9 To provide a comprehensible and flexible schema (recommendation H)

The teachers believed that the database schema of AdVisor 2.0 included the most important parts

of a course. Moreover, the interviewees were familiar with each of those parts and appreciated the

flexibility of the structure. Therefore, the information structure seemed to meet recommendation

H , since this was complete, flexible and easy to understand (for more details, see Appendix F.2.2.2).

5.4.6.10 Usability (recommendation I-M)

The interviewees were not asked to evaluate the usability of AdVisor 2.0. However, they indirectly

spoke about this aspect through their comments. In this regard, a few teachers said that, although

the interface was very visual, this was overloaded with information. Likewise, the fact that the

interface was so different from that of the UOC classroom was considered a drawback. Neverthe-

less, they were convinced that UOC students and teachers would get used to using AdVisor quickly.

5.5 General conclusions

After the evaluation of the three prototypes of AdVisor (especially the versions 1.0 and 2.0), some

general conclusions about the proposed recommendations can be drawn. To explain them, the

following order will be used:

.

• To define competences and objectives clearly (recommendation A)

• To guide students through the course (recommendation B)

• To provide self-awareness (recommendation C)

• To help students to be self-regulated (recommendations B and C)

• To promote social interaction (recommendation D)

• To provide teachers with a student monitoring tool (recommendation E)

• To help teachers to design their courses (recommendation F)

• To provide multiple views of the course (recommendation G)

• To provide a comprehensible and flexible schema (recommendation H)

• Usability (recommendations I-M)
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5.5.1 To define competences and objectives clearly (recommendation A)

The interviews with the eight instructors revealed that degree competences and course objectives

are considered to be essential during the design of a course. Despite this, the teachers were con-

vinced that the students are not interested in these two items and they would not use the elastic

list (i.e. the view that displayed both elements). The results of the tests of AdVisor 1.0 and 2.0 con-

firmed that hunch which the instructors had. As it could be seen in sections 5.3.5.6 and 5.4.5.7, the

elastic list was ranked last by the students in terms of use/preference.

As a result of the tests and the interviews, the fact that a VLE allows teachers to define the degree

competences and course objectives makes sense, since they both are the core of any EHEA subject.

For this reason, recommendation A is suitable. However, there is still a long way until most of

the online students get used to utilizing the valuable information provided by the competences

and objectives (i.e. what is expected from learners at the end of the course) during their learning

process. To help them to take advantage of these two items, the role of teachers is very important.

Regarding AdVisor, the information of competences and objectives could remain in the back-

ground, since this is not essential during the daily learning. Therefore, AdVisor’s elastic list could

be put in a secondary position within the workspace’s interface in order that the interface gives

prominence to other views, such as the Gantt chart, which are more important in the day-to-day

learning. Likewise, as assessment is very important to learners, one way to promote the use of the

competences and objectives could be to connect these two elements with CAAs.

5.5.2 To guide students through the course (recommendation B)

Figure 5.18 shows the percentage of scores equal or greater than 3 of the three aspects related to

the guidance through the course (i.e. recommendation B): (1) organization based on sessions, (2)

to have the activities detailed, and (3) the assessment letter/fill pattern. As it can be seen, the first

two elements in AdVisor 1.0 obtained more responses within this interval than in AdVisor 2.0. The

Figure 5.18: Recommendation B (to guide students through the course) – Evaluation of the related aspects

in AdVisor 1.0 and 2.0.
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reason was that the excess of detail of the activities/sessions made some students of AdVisor 2.0

get confused and, consequently, they rated these two items worse. This problem suggests that if it

is wanted to properly guide students through a course, the design of the sessions and the activities

is a key aspect of the instructional design of the course. In this regard, there is not a unique way to

create them, since this depends on the idiosyncrasy of each course. However, the research carried

out in this work showed that instructors should be careful to create an appropriate number of

sessions (around 1 or 2 per week) whose workload is around 1 hour and 45 minutes. Likewise,

the number of activities should be minimal or, in other words, an activity only should be split into

two or more activities when this is really required.

As it can be observed, the definition of the sessions as well as detailing the activities require

teachers to put more effort into the design of a course. Despite this, the instructors who were

interviewed found the sessions useful (4, 37.5%) or very useful (5, 62.5%) to guide their students.

As for the assessment letter/fill pattern, this achieved a significant better result in AdVisor 2.0.

Specifically, the percentage of responses equal or greater than 3 (neither useful nor useless) went

from 73.2% to 90%. This increase, together with the good position of the assessment view in terms

of use in both versions of AdVisor, may mean assessment information is important to learners.

Despite some problems, the percentage of answers equal or greater than 3 for the previous

three items was higher than 73%. This good result implied that online students need to be guided

through the course. Thus, recommendation B seems to be appropriate for online education.

5.5.3 To provide self-awareness (recommendation C)

As seen in this chapter, the status color and the dashboard were the two elements that were linked

to self-awareness (see Figure 5.19). With regard to the status color, which showed if a activity/session

was on time, behind or ahead of schedule, over 85% and 93% of the responses were equal or greater

than 3 (neither useful nor useless) in AdVisor 1.0 and 2.0, respectively. These excellent results prove

the importance that the respondents attached to know the status of the sessions/activities. At this

Figure 5.19: Recommendation C (to provide self-awareness) – Evaluation of the related aspects in AdVisor

1.0 and 2.0.
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point, it is worth stressing that the evaluation of the status color can be considered independent of

AdVisor, because this item is a simple visual input. Hence, the results obtained and the subsequent

conclusions could be generalized to other contexts.

Regarding the dashboard, the overall rate was very good in both AdVisor 1.0 and 2.0: 82.9%

of the responses were 3 (neither useful nor useless) or greater in AdVisor 1.0, whereas this figure

was 81.8% in AdVisor 2.0. More specifically, 56.1% and 52.3% found the dashboard useful (4) or

very useful (5), being the median and the mode equal to 4 (useful ) in both prototypes. Moreover,

the respondents who rated the dashboard 1 (not at all useful, AdVisor 1.0: 7.3%; AdVisor 2.0: 4.5%)

were outliers in the two tests. Likewise, the instructors who participated in the interviews thought

that the dashboard could be useful (4, 50%) or very useful (5, 50%) to students. By contrast, they

also considered that the design of the dashboard for teachers would have to be rethought in order

to really satisfy their necessities. In any case, the good evaluation of the dashboard proposed in

this thesis suggests this may serve as a base for future implementations.

The result of the dashboard, taken in conjunction with the good evaluation of the status color,

demonstrated that providing students with information and tools that help them to be aware of

their own learning process was found useful. Actually, as said in section 5.4.5.3, only 13.6% of the

respondents stated that AdVisor 2.0 had not helped them to be aware of their learning process

(scores = 1 and 2). Therefore, it can be stated that recommendation C meets one of the needs of

online students and, consequently, VLEs should put it into practice.

5.5.4 To provide tools that help students to be self-regulated (rec. B and C)

As said in this chapter, recommendations B and C are interrelated in such a way that a new rec-

ommendation which encompasses them may be defined: to provide tools that help students to

be self-regulated. As seen, besides the items of recommendations B and C, there was another one

which was closely related to self-regulation and whose results were a clear indicator of the suitabil-

ity and the importance of self-regulation in an online learning environment, i.e. the functionality

that allowed students to mark an activity/session as finished (see Figure 5.20). The results of this

feature in both prototypes were practically identical. The percentage of responses equal or greater

than 3 was 80.9% in AdVisor 1.0 and 81.4% in AdVisor 2.0. Moreover, in both cases, the median was

4 (useful ) and the mode 5 (very useful ). And what is more, 75% of the instructors who participated

in the interviews found it very useful (5, mode and median). Given these good results, it may be

stated that this functionality is suitable and, consequently, this may be applicable to other VLEs.

Furthermore, the respondents evaluated the degree in which the platform had helped them to

be self-regulated. In AdVisor 2.0, which had more functionalities and improvements, 22.2% of the

respondents stated that it had not helped them. This meant a decrease of 11.2% compared to the

previous prototype. Moreover, in AdVisor 2.0, the responses equal to 1 (nothing) were outliers and

both the median and the mode went from 3 (normal ) to 4 (quite a lot). Likewise, a relevant fact

was that the Gantt chart, which was closely linked to the schedule and hence to self-regulation,

was the most used view both in AdVisor 1.0 and AdVisor 2.0.

Finally, it is worth stressing that the questionnaire of AdVisor 2.0, by means of an open ques-
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Figure 5.20: Recommendations B and C (to help students to be self-regulated) – Evaluation of the related

aspects in AdVisor 1.0 and 2.0.

tion, asked the respondents to write the most useful/interesting things of the platform (see F.1.2.11).

39.2% and 31.4% of the snippets were related to guidance (i.e. recommendation B) and self-

awareness (i.e. recommendation C), respectively.

In conclusion, broadly speaking, the functionalities related to self-regulation were found use-

ful by the students and teachers as evidenced by the previous results. Hence, it may be recom-

mended that VLEs support self-regulation. In other words, it can be concluded that recommenda-

tions B and C are suitable for VLEs.

5.5.5 To promote social interaction (recommendation D)

As explained in sections 2.4.1.2 and 4.3.4.1, social interaction is an essential aspect in online ed-

ucation. Such importance was evidenced by the discontent that the lack of embedded forums in

AdVisor 1.0 aroused among some students from Electric Circuit Analysis (.002). Likewise, the fo-

rums view of AdVisor 2.0 was more used than the treeview (i.e. table of contents) and the elastic list

(i.e. competences and objectives). Moreover, 75% of the teachers interviewed said that, although

less and less students participate, the forums are very important in their courses.

In summary, VLEs should take the recommendation D into account , i.e. to promote social

interaction between students and teachers. To this end, forums should include functionalities

that make interaction easier, e.g. like-it button, to highlight a message, etc. In this regard, more

research on this field is needed, e.g. how to make use of items of social networks for learning.

5.5.6 To provide teachers with a student monitoring tool (rec. E)

This recommendation was only evaluated by the instructors who were interviewed. As said in

section 5.4.6.6, 7 of 8 interviewees stated that monitoring online students throughout the semester

is very important (5, 87.5%, mode and median). To do this task, they gather information from

different sources, e.g. forums, grades, campus, etc. This is a tiresome task, since they do not have a

tool that shows these data at a glance. Instead, they have to visit different parts of the UOC campus
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to retrieve that information. For that reason, 87.5% of the interviewees thought a tool like FACRO,

the student monitoring tool proposal, would be useful (4, 25%) or very useful (5, 62.5%).

The available evidence clearly leads to the conclusion that it is strongly recommended provid-

ing teachers with a student monitoring tool that enables them to retrieve useful data easily.

5.5.7 To help teachers to design their courses (recommendation F)

The creation of an online course is not an easy task, because a comprehensive design should be

carried out before starting the semester. If this was not enough, a lot of teachers have difficulty

in creating online courses due to lack of skills (see section 2.4.2.3), an awkward course editor, etc.

Inevitably, the tests conducted in this thesis had some problems related to design. Two of them

were: (1) the mismatch between the estimated and the real workload of a session, and (2) the

excess of the number of sessions and, especially, activities. These drawbacks may have affected

students’ experience negatively and, in consequence, the results of the questionnaire.

To avoid any type of design problem, it could be useful that instructors had some kind of as-

sistance when they designed online courses. In this regard, 75% of the teachers interviewed would

find useful (4, 62.5%) or very useful (5, 12.5%) to have a smart course editor which supported them

while designing their subjects. According to the interviewees, this tool could be especially useful

to check that the design of the course was correct. As it can be observed, the fact that VLEs actively

help instructors to design their courses can prevent serious problems during the course.

In short, recommendation F is not accessory and, therefore, this should be put in practice.

5.5.8 To provide multiple views of the course (recommendation G)

According to the questionnaire of AdVisor 2.0, only 13.6% did not like to have multiple views

(scores 1 and 2), being those who rated 1 (not at all useful, 6.8%) outliers.

Likewise, as 87.5% of the teachers interviewed thought that, thanks to the multiple views pro-

vided by the platform, learners were more aware of the different parts of which the course con-

sisted (i.e. table of contents, competences, etc.). Furthermore, as some instructors said, this va-

riety of views reduced the focus on the CAAs. More specifically, 61.4% of the students questioned

stated that AdVisor 2.0 had achieved this goal successfully (scores 4 and 5).

Although the assessment view still had a significant role (this was the third most used view in

AdVisor 2.0), both the students questioned and the instructors interviewed reached the same con-

clusion regarding the use of each view. First, the learners who participated in the tests of AdVisor

1.0 and 2.0 stated that the Gantt chart had been the most used/useful view, whereas the elastic list

had been the least used one (see section 5.5.1). The teachers also ranked these two views in the

same positions based on the possible use that their students would make. In general, the reasons

were that the Gantt chart shows information that is important daily, i.e. what activities student

must do and when. By contrast, competences and objectives are still very new items to students

and, hence, learners are not used to using them. Due to this, learners take it for granted that when

they pass a course, they have acquired a set of the competences and attained a set of objectives.
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Finally, it is worth stressing that an advantage of having multiple views is that learners can

choose the representation that best meets their learning requirements and preferences at any time.

Moreover, the existence of multiple views provides instructors with flexibility when they design

their courses (see section 5.5.9).

In the light of the benefits that the provision of multiple views offers, it is highly recommended

that VLEs have multiple views which, in addition, can be used simultaneously.

5.5.9 To provide a comprehensible and flexible schema (rec. H)

Learners and teachers require that the organization of a course in VLEs be easy to understand as

well as close to the features of an online subject. In this regard, this thesis, by means of AdVisor,

has proposed a structure (see 5.4.2.2) which, according to the tests and interviews, includes the

most important elements of a course with which teachers and students, moreover, are familiar.

Likewise, the database schema of the proposal allows the instructors to create their courses by

using those views/perspectives that they really need (activities and resources is the only manda-

tory view, the rest are optional). This flexibility also appears in the students’ side, since they can

choose those views (if they have been defined by the teacher previously) that best meet their ne-

cessities/preferences. This flexibility was well received.

Moreover, the inclusion of the forums view in AdVisor 2.0 demonstrated that the information

structure was modular. Adding this view did not affect the rest of information spaces.

To sum up, the information structure proposed in this work satisfied recommendation H and

was welcomed by the users (i.e. both learners and teachers). In any case, the idea behind this

proposal is that the course structure used in a VLE should be easy to understand by teachers and

students as well as easy to modify by the system administrator . In this regard, AdVisor 2.0’s infor-

mation structure may be a good solution to these two issues.

5.5.10 Usability (recommendations I-M)

As discussed in section 3.3.3, the usability of an interface has a big impact on the users’ experi-

ence and, in the case of education, on the students’ learning process. Hence, VLEs designers and

developers must make an effort to create user-friendly interfaces.

Regarding this thesis, the usability was not the main topic due to the lack of resources, among

other things. Instead, the emphasis of this dissertation was put on aspects related to pedagogy and

information structure. Despite this, the respondents in general considered the usability of AdVi-

sor to be acceptable. However, future versions of the platform should focus on usability, because

aspects like reducing the number of clicks or showing important information at a glance are cru-

cial factors to create a pleasant user experience. In fact, the students of AdVisor 2.0 expressed, by

means of an open question, that the usability of the interface had been the worst aspect of the plat-

form (see F.1.2.11). In this regard, although it cannot be demonstrated, some results of the ques-

tionnaires and interviews could have been conditioned by issues related to usability/interface.

In conclusion, usability is a key factor of any software tool, including VLEs.
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5.6 Summary

This chapter focused on the evaluation of the suitability of the set of recommendations proposed

in Chapter 4 (research objective O2). First of all, it described the procedures which were used:

real-world evaluation with final questionnaire and interviews.

During the different stages of the evaluation, three prototypes of a small VLE called AdVisor

were used. This platform was developed by putting the recommendations suggested in this thesis

into practice. In the three versions, the learners tested AdVisor in a real-world scenario during one

semester. At the end of each test, the students were asked to evaluate different aspects of the tool

by means of a questionnaire. The data obtained from the questionnaires were analyzed in depth

and the most significant conclusions were presented.

With regard to the teachers, two types of evaluation may be distinguished. On the one hand,

those who participated in the tests informally explained the problems that they had had to the

researcher. On the other hand, eight UOC instructors were interviewed. During the interviews,

AdVisor 2.0 was introduced.

Briefly, the recommendations related to self-regulation (i.e. guidance and self-awareness; rec-

ommendations B and C) and multiple views (recommendation G) were, in general, evaluated pos-

itively. Overall, the rest of the recommendations proposed in this thesis also were, to some extent,

supported by most of the respondents and interviewees as well as evidenced by the facts observed

during the tests. Nevertheless, more research would have to be carried out in future.



6 Conclusions

This last chapter summarizes the work done, emphasizes the main contributions and shows future

research directions. More specifically, this chapter is organized into three sections:

• Summary of this research (see section 6.1)

• Contributions of this thesis (see section 6.2)

• Future work (see section 6.3)

145
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6.1 Summary of this research

Nowadays a lot of universities are taking a firm step toward their virtuality. As a result, there is a

steadily increasing number of fully online courses. To support them, virtual learning environments

(VLEs) are being used as replacements of traditional classrooms. This implies that VLEs inevitably

play a significant role in the online teaching-learning process, having a big impact on students and

teachers. Therefore, developing effective VLEs has become an important challenge. In this regard,

the main goal of this thesis was to identify those elements that could improve the effectiveness of

virtual learning environments (VLEs) when they are used in fully online courses.

First of all, it was essential to know what implications online delivery has for the teaching-

learning process. This also included identifing the requirements and barriers that online students

and teachers usually have. These matters referred to the research questions Q1, Q2 and Q3 (see

section 1.2). To answer these three questions, a literature review was conducted to get an overview

of the main issues surrounding online education. As a result of this task, Chapter 2 was written.

After gaining an understanding of the main issues of online education, Chapter 3 dealt with

the principal topic of this thesis: virtual learning environments (VLEs). Although there are some

publications (not too many) which analyze this kind of system, these analyses are usually carried

out from a technological perspective, i.e. standards, interoperability, usability heuristics, types of

tools that are provided (e.g. forums, wikis, tests, etc.). In contrast to these works, Chapter 3 took it

for granted that VLEs can include any technologically possible feature. Therefore, this chapter fo-

cused on analyzing those aspects that directly affect the teaching-learning process: (1) pedagogy,

(2) information structure, and (3) usability. Based on these three aspects, eight of the most pop-

ular VLEs were analyzed. This study, which answered the research question Q4 (see section 1.2),

showed that the design of the current VLEs lacks a sound pedagogical approach. This inevitably

has ill effects on the functionalities, the information structure and the interface which, in turn,

affect the learning process carried out within these platforms.

In order to contribute to the enhancement of VLEs and achieve the research objective O1

(see section 1.2), this thesis has proposed a set of 13 recommendations/heuristics (see Chapter 4)

which synthesizes the most important aspects that were identified both in Chapter 2 and in other

related works (see Appendix B.2.3). The idea behind this set of heuristics is to provide designers

and developers with a simple and effective instrument which guides them through the design of

VLEs, so that these systems may increase its effectiveness in fully online educational scenarios.

Apart from defining the aforesaid recommendations, these were put into practice by means of

a small ad hoc VLE called AdVisor (see Chapter 5). The development of this VLE was based on

prototyping and three versions of AdVisor were created. Each of the prototypes had new features

compared to its predecessor. Unfortunately, not all the recommendations could be developed to

the same degree. In any case, the design and creation of the three prototypes of AdVisor allowed

to show a way of putting the proposed recommendations into practice.

Likewise, thanks to the creation of the three prototypes of AdVisor, the recommendations sug-

gested in this thesis could be evaluated (i.e. research objective O2). First, the three versions of

AdVisor were tested by a sample of the students from the Bachelor’s Degree in Telecommunica-
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tions of the UOC in a real-world scenario for one semester. At the end of each test, a questionnaire

was sent to the participants in order to collect their opinion and satisfaction with the platform and,

at the same time, to obtain an evaluation of the suitability of the recommendations proposed in

this work (see Chapter 5 and Appendices D.2, E.2 and F.1.2). Secondly, eight teachers were inter-

viewed so as to know their teaching habits and opinions about AdVisor 2.0, including a student

monitoring tool called FACRO that was embedded in that version of the VLE (see Appendix F.2.2).

The results of the questionnaires and the interviews showed that, in general, the set of recom-

mendations made sense and was suitable. In particular, it is worth stressing those recommenda-

tions related to self-regulation (i.e. to guide learners through the course and to provide students

with self-awareness of their learning process), providing multiple views and giving a student mon-

itoring tool to instructors. Likewise, although the recommendations linked to usability was not

assessed individually, there was evidence that led one to believe that the interface of a VLE may

affect the learning process of a student considerably.

In summary, it can be concluded that this dissertation has achieved the main research objec-

tive which it had set, i.e. to provide designers and developers with a set of recommendations (or

heuristics) that helps them to create VLEs which are effective for fully online education.

6.2 Contributions of this thesis

This work has made some original contributions. Next, these will be described in descending order

of importance:

Main contributions of this thesis

• Set of recommendations for creating effective VLEs for online education

• Examples of how to put the recommendations into practice

– Information structure

– Visual interface

– Dashboard

– FACRO: an educational monitoring tool

• State of the art on VLEs from an educational perspective

• Overview of online education for novices

• State of the art on learner-centered design

Next, each of the previous contributions are described. At this point, it is worth stressing the

publications, listed in Appendix H, to which this dissertation has led.
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6.2.1 Set of recommendations for creating effective VLEs for online educa-

tion

In accord with the main research objective of this thesis, the principal contribution of this dis-

sertation has been the set of 13 recommendations/heuristics which aims to help designers and

developers to create effective VLEs for online teaching and learning. This set has the character-

istic that it was created from an educational perspective, leaving the technological aspects aside.

Therefore, it focuses on those elements and features that may help students and teachers to have

a successful online teaching-learning experience. Moreover, in order to guarantee the suitability

of the 13 recommendations, these were evaluated by students and teachers (see Chapter 5).

Finally, it is worth explaining why a format based on recommendations/heuristics was chosen.

The reason was that this kind of organization is a way of providing important information in a

simple and effective way. Furthermore, this format is versatile since it can be used as a checklist to

both design new VLEs and evaluate the existent ones.

6.2.2 Examples of how to put the recommendations into practice

The development of AdVisor have allowed, in addition to evaluate the set of recommendations, to

show possible ways to put these guidelines into practice. In this regard, it is worth emphasizing:

.

• Information structure

• Visual interface

• Dashboard

• FACRO

Next, each of these elements is described.

6.2.2.1 Information structure

The combination of the recommendations A, G and H led us to design a database schema which

comprised multiples views and, at the same time, was easy to understand and flexible.

According to the results of the evaluation of AdVisor 2.0 (i.e. the last version), the information

structure of this prototype seemed to include the most important elements of an online course.

Likewise, placing the activities in the core of the schema also seemed to be a wise decision. More-

over, the teachers who were in charge of the courses that participated in the tests did not have

difficulty in understanding the information structure.

Given the good results obtained by AdVisor 2.0’s information structure, this may serve as a base

for other VLEs.
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6.2.2.2 Visual interface

As seen in section 3.4, the interfaces of most of current VLEs are textual rather than visual. For

this reason, one of the objectives of AdVisor, in conformity with the recommendations I-M , was

to create a platform whose interface was much more visual. In principle, a visual interface should

have been evaluated positively, but AdVisor’s interface design was not suitable enough. The reason

was that some users suffered from an information overload due to an excess of visual inputs.

Despite the information overload, there was also evidence that some visual items had allowed

to convey information more effectively. A significant proportion of these effective visual elements

tried to help students to self-regulate their learning process (i.e. recommendations B and C), e.g.

status color, dashboard, etc.

Although the interface of AdVisor 2.0 was not perfect, this was a first step toward a more visual

interface which was in line with the possibilities that current web browsers offer.

6.2.2.3 Dashboard

One of the main contributions of this thesis was the learning dashboard. This proposal continues

the work realized by other researchers, such as Govaerts et al. (2010) and Duval (2011).

The different tests and the subsequent questionnaires of this thesis have shown that a dash-

board which helps students to be more awareness of their learning process (i.e. recommendation

C) may be a very useful tool.

Regarding its utility to instructors, the proposed dashboard should be redesigned so that this

can really satisfy the needs of this group of users. Even so, the interviewed teachers thought this

tool could have great potential as a student/class monitoring tool.

6.2.2.4 FACRO

According to Mazza and Dimitrova (2004), VLEs generally provide teachers with tracking data in a

tabular format which is commonly poorly structured, incomprehensible and difficult to under-

stand. To overcome this problem, a novel tool called FACRO (FAceted Class ROster) has been

suggested (i.e. recommendation E). This adopts information visualization (InfoVis) techniques

to graphically render a vast amount of student tracking data collected by VLEs. More specifically,

FACRO uses faceted browsing and data portraits, two techniques that had not been used to moni-

tor learners up to now.

In comparison with other student monitoring tools that display graphics (e.g. bar charts),

faceted browsing offers a much greater degree of flexibility in the way of monitoring students, since

this allows teachers to filter data based on the attributes (i.e. facets) that they want. Likewise, data

portraits enable to compact a student’s learning process in a single image. Thereby instructors can

gain an insight into a specific student’ learning process at a glance.

Finally, it is worth emphasizing that Appendix G provides an up-to-date state of art on educa-

tional monitoring tools which can serve as a starting point for many researchers.
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6.2.3 State of the art on VLEs from an educational perspective

Although there are many studies that compare different VLEs, most of them (Bri et al., 2008, 2009;

Fertalj et al., 2006; Fuentes et al., 2011; Lewis et al., 2005) focus on technological aspects, i.e. the

features and functionalities which these systems provide.

By contrast, the study presented in Chapter 3 analyzes VLEs by focusing on the three aspects

that, according to (Mastoras et al., 2005), should be the cornerstones of any VLE, i.e. pedagogy,

information structure and usability. Therefore, this chapter has offered a new way of analyzing

these platforms that is closer to an educational approach than a technological one.

6.2.4 Overview of online education for novices

The principal addressees of this thesis are practitioners and researchers who engage in the cre-

ation of educational tools and not necessarily have a previous knowledge of online education (e.g.

software designers and developers, IS and computing researchers, etc.). For this reason, Chapter

2 was written to be a white paper which was really useful to these people. More specifically, this

chapter deals with the main issues of online education which are relevant to this work research.

When I began to write Chapter 2, I had to read a large amount of books, papers and online

sources (e.g. blogs) about online education. During this process, I felt a little bit frustrated, since

most documentation about this topic is written by taking it for granted that readers are experts in

pedagogy. For this reason, and given that I am an engineer, I wanted to write Chapter 2 so that any

people who need to learn about online education can gain an understanding of this topic easily.

For all of these reasons, it can be concluded that Chapter 2 may be considered a contribution

of this thesis.

6.2.5 State of the art on learner-centered design

Many software designers and developers are used to following a user-centered design (UCD) ap-

proach, which includes Nielsen’s heuristics. However, section 4.2 discussed the necessity of using

a design approach that takes account of the particularities of the learning process when educa-

tional tools are being developed. This new approach is known as learner-centered design (LCD).

In fact, this approach was taken into account when creating the recommendations of this thesis.

Because LCD is probably new to a lot of software designers and developers, Appendix B shows

how UCD heuristics have evolved so as to adapt to the particular necessities of learners. In this

regard, seven sets of LCD heuristics, which go from 1996 to 2007, are presented.

In short, this thesis has contributed to develop an awareness of the necessity of taking educa-

tional aspects (not only IT guidelines) into consideration when designing learning tools. Likewise,

this dissertation can be a starting point for those researchers who are interested in LCD.
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6.3 Future work

There is still a considerable work to be done. For example, the set of recommendations proposed

in this thesis was evaluated in a specific context: the Bachelor’s Degree in Telecommunications of

the UOC. This evaluation allowed to obtain a first validation of the recommendations. However,

due to the limited scope of the sample, more research in more contexts (i.e. other courses, de-

grees, universities, etc.) is still needed to guarantee the total suitability of the recommendations

suggested. In other words, the more evaluated the set is, the more reliable this will be. Therefore,

one of the future directions could be to continue evaluating the set of recommendations so that

the present set of heuristics may be improved and, finally, totally validated.

In order to continue evaluating the set of recommendations, new prototypes of AdVisor could

be used. Nevertheless, because this thesis has already presented a validation of this set, many of

the ideas derived from its implementation could be integrated in the UOC classroom. This would

allow to evaluate the set of recommendations with a wide range of students and teachers. Cur-

rently, we are speaking with Tecnologia Educativa1 to initially add three features of AdVisor to the

UOC campus: (1) the Gantt chart, (2) the functionality that enables to mark an activity as finished,

and (3) the dashboard. As observed, the previous three elements are related to recommendations

B and C , which share the same goal: to support self-regulation, an aspect that was rated positively

by both learners and instructors.

On the other hand, this work has opened several new research directions. One of them has been

the use of information visualization (InfoVis) techniques for supporting the teaching-learning pro-

cess. In this regard, three sub-topics can be distinguished in this thesis: (1) learning dashboard,

(2) visual interface, and (3) FACRO. Next, possible actions for each of these three sub-topics are

described briefly.

• Learning dashboards: this dissertation has revealed that online students find this type of

tool very useful to have a visual overview of their learning process. Although the dashboard

suggested in this thesis was rated positively, we believe that we have just begun to explore

the opportunities in this area. Hence, more research is required. In this regard, several issues

must still be studied in-depth, e.g. what information is really useful to students (and teach-

ers)? How should that information be displayed? More specific questions related to the work

done could be asked too, e.g. could the data portraits of the students be used as mirrors and,

therefore, be a part of the learning dashboard?

• Visual interface: as said in section 6.2.2.2, AdVisor gave priority to visual cues over text. A

good example of this is the wide range of representations used in the workspace, i.e. Gantt

chart, treeview, elastic list, etc. Given the potential of visual items for improving the teaching-

learning process and the difficulty of achieving a minimalist design that displays a lot infor-

mation, another field of research could be to investigate how to create learning tools whose

interfaces are effective and usable. This research involves studying how to take advantage of

InfoVis techniques and usability criteria (including LCD heuristics).

1 Tecnologia Educativa: department which is in charge of the UOC campus.



152 Chapter 6. Conclusions

• FACRO: the next step would be to test this educational monitoring tool in a real-world sce-

nario or through user-based methods (e.g. think aloud). Likewise, it would be interesting

to continue enhancing FACRO. Moreover, this should be integrated into some of the most

popular open-source VLE, such as Moodle. As a result, educational community could use

this tool.

In addition to InfoVis techniques, data mining (DM) may be an aspect to be included in learn-

ing dashboards and monitoring tools. Due to the complexity of the algorithms used in DM, these

are able to suggest latent information with an explanation based on text, rules, clusters, etc. Such

an information may complement the one extracted from the graphics by the students and teach-

ers. In this regard, we have already done some research on the use of DM algorithms for educa-

tional applications. Specifically, we have modeled learners’ participation profiles in online discus-

sion forums (see articles 7 and 8 in Appendix H).

The use of data mining could also be used to create adaptive VLEs that, for instance, personal-

ize the learning paths and recommend learning topics. Thanks to this adaptivity, a better guidance

can be provided to the students.

With regard to instructional design, another extensions of this work could be:

• Educational modeling language (EML): currently, the design of a course in AdVisor is de-

fined by means of an XML file which is written by hand. Although this is a first step, the

definition of a new EML or the modification of an existing one (like IMS LD) from the infor-

mation structure proposed in this thesis may be a future field of research.

• Course editor: an aspect that could not be addressed in this dissertation was the design of a

course authoring tool or, simply, a course editor. As a lot of teachers may have difficulty in

designing online subjects, it can be stated that course editors may become key elements. In

fact, the interviewees believed that a smart course editor could be a useful tool when design-

ing their courses. In short, another possible field of research could be to study how course

authoring tools should be.

As seen, because VLEs are tools that encompass a lot of aspects, there exist multiples and di-

verse fields of research. In this regard, this section has presented those which are closer to the

research work carried out in this dissertation.
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A The Universitat Oberta

de Catalunya (UOC)

Tis appendix introduces the reader to the Universitat Oberta de Catalunya (UOC), the university

in which this thesis was carried out. For this purpose, the following topics are covered:

• The history of the university together with some figures (see section A.1).

• The main features which characterize the archetype of UOC student (see section A.2).

• The educational model that this university promotes (see section A.3).

• The assessment model which the UOC implements (see section A.4).

• The Virtual Campus (also known as UOC campus), which is the virtual learning environment

of this university (see section A.5).
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A.1 History and some figures

The Universitat Oberta de Catalunya (UOC) is a Spanish fully online university with headquarters

in Barcelona which was founded by the Catalan government in 1994. The aim of this university

was to meet the educational needs that society began to have at that moment, e.g. retraining, life-

long learning, etc. To this end, the UOC has been using ICT so as to offer flexible courses that allow

students to perform a completely online learning process, regardless of their residence, age, work-

ing hours and so on. In this regard, the UOC has had its own virtual campus since the beginning.

This platform enables learners to do non-educational tasks (e.g. enrollment, payment, etc.) as

well as accessing to the virtual classrooms. In other words, this platform is a replacement of the

traditional campus where student life happens.

Over the years, the UOC has settled in other areas beyond the Catalonia. In 2000, it expanded

to Spain and Latin America countries and, recently, it has begun to offer its courses in English

and French-speaking countries. This expansion has contributed to the growth of this university.

For example, the number of students has gone from 16000 in 2000 to over 60.000 in the 2010-

2011 academic year (see Table A.1). Likewise, the UOC currently has a catalog of more than 850

academic qualifications that belong to seven areas: (1) economics and business studies, (2) IT,

multimedia and telecommunication, (3) law and political sciences, (4) arts and humanities, (5)

psychology and education sciences, (6) information and communication sciences, and (7) health

sciences. These academic qualifications includes both official and UOC-specific degrees.

By way of example, in the 2010-2011 academic year, 3385 virtual classrooms for Catalan (1642)

and Spanish (1743) courses were used. The success of this academic year was possible thanks to a

management staff of 490 and a teaching staff of 249 teachers and 3155 teaching collaborators1.

Thanks to these figures, the UOC is one of the main Spanish online universities and, according

to Paulsen (2007), one of the 26 European megaproviders of e-learning .

Official

Bachelor degree

EHEA degree 18062

Non-EHEA degree 15345

Diploma or foundation degree 10785

Postgraduate University master’s degree 2906

Doctoral PhD 56

UOC-specific

Bachelor degree Multimedia degree 136

Postgraduate

Master’s degree 781

Postgraduate degree 1271

Specialization course 1288

Other

University athenaeum 3044

Summer and winter open university 2897

School of languages 2508

Seminars, customized training, etc. 1797

Total 60876

Table A.1: Breakdown of students at the UOC in the 2010-2011 academic year. Source: (UOC, 2011).

1 A teacher is responsible for the course and she is in charge of its design, whereas a teaching collaborator accompanies

and guides the students during the learning process. So, teachers do managerial tasks and remain in the background,

while collaborators are in touch with the learners and perform tasks such as grading, answering questions, etc.
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A.2 UOC students’ profile

As shown in Figure A.1, UOC students match the typical profile of online learners (see section

2.4.1.1). Broadly speaking, they are:

• Adult: more than 85% of the UOC students are over 25 years old (see Figure A.1a).

• Employed: most of them work. As proof of this, 94.8% worked during the 2002-2003 aca-

demic year and 95% had a full-time (89%) or part-time (6%) work in 2008-2009.

• University experience: a lot of students have university experience before enrolling in the

UOC. More specifically, in the 2008-2009 academic year, 75% of students either held a degree

(44.6%) or had not finished their university studies (30.6%) (see Figure A.1b).

• The same number of men and women: although the number of men enrolled in the UOC

was greater initially, this figure has become practically equal to that of women since 2005

(see Figure A.1c).

(a) Breakdown of students by age from 2007 to 2011 (b) Students’ academic profile prior to enrolling in the UOC

in the 2008-2009 academic year

(c) Breakdown of students by gender from 2000 to 2011

Figure A.1: UOC students’ profile. Sources: (Lladós, 2009; UOC, 2011).
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A.3 Educational model

As seen in Figure A.2, the UOC’s educational model places the student’s learning activity in the

center of the teaching-learning process (Gros et al., 2009). This model also includes other three

elements which revolve around the learning activity:

• Resources: any sort of item that is needed to perform a learning activity, e.g. document,

audio, video, simulation, remote laboratory, etc. They can also be additional elements that

allow students to increase their knowledge further than the scope of the course.

All the subjects provide the learners with either lecture notes written by the teacher or a book

at least. Likewise, most of them also give students short weekly guides which summarily

indicate the sections of the book/lecture notes that should be read as well as the learning

activities that should be done.

• Accompaniment: this consists of a group of actions that is carried out by the teaching collab-

orators. These actions are basically to track each student and guide her until attaining course

and individual objectives. To do such actions, instructors resolve activities, help learners to

plan their work, give students tailored feedback, etc. As it can be noticed, teaching collabo-

rators are facilitators who guide and support the students. In other words, the UOC imple-

ments a student-centered learning. As seen, this is totally in accord with Constructivism (see

section 2.4.2.1).

• Collaboration: the set of tools (e.g. forums, wikis, etc.) that encourages communication

and teamwork among classmates. This type of tool enriches the learning process, since the

help of the classmates complements the teaching collaborator’s support. Thus, collaborative

learning becomes essential in the UOC educational model. Furthermore, due to the idiosyn-

crasy of online students, the UOC mainly promotes asynchronous communication.

Figure A.2: UOC’s educational model with the learning activity in the center. Source: (Gros et al., 2009).
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A.4 Assessment model

As far as the assessment model is concerned (see Figure A.3), the UOC promotes continuous as-

sessment (CA) in all its subjects. The CA is conceived as a mechanism that assesses the learners

at different moments in the course of the semester and, at the same time, provides the students

with feedback on their learning process. To this end, several assignments (usually four), called

continuous assessment assignments (CAAs), are scheduled throughout the semester. Teaching

collaborators grade the CAAs and give feedback to the learners. At the end of the subject, all the

learners get a CA grade, which is the average of the grades obtained in all the CAAs.

As it can be observed, the fact that the UOC promotes the CA indicates that this university at-

taches great importance to the coursework. This matches the tenet of Constructivism which says

that evaluating how students are progressing in the construction of knowledge is more impor-

tant than the resulting product (see section 2.4.2.1). Likewise, the CAAs are used to guide learners

through the course. At this point, it is worth emphasizing that the students are free to do the CAAs,

except for those courses whose assessment model only has CA (Model 1 in Figure A.3). Neverthe-

less, all the teachers encourage their students to do CAAs, since the completion of the CAAs is a

way of learning. Moreover, after more than 17 years, it has been proven that doing the CAAs helps

the students to learn the new concepts and, hence, to pass their courses more easily.

Although there are a few subjects based on the Model 1 of the Figure A.3 (i.e. they only have

CA), most of the courses follow the Model 2. This model forces the students who pass the CA to

take a validation test on site at one of the UOC’s centers at the end of the semester. This test tries to

Figure A.3: The most common assessment models at the UOC.
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check that the student was the person who really did the CAAs that she handed in. For this reason,

the exercises of this test are based on those of the CAAs. If the student passes the validation test,

then the final grade of the course is directly the CA grade. Otherwise, the student fails the subject.

If the student does not pass the CA or if she wants to improve the final grade that she would get

from the CA grade, then the learner must take an on-site final exam. Unlike the validation test, the

exam asks new exercises that are specially created for that occasion. In this case, the final grade of

the course depends on the path that the student has followed: (1) when the student has passed the

CA, then the final grade of the course is obtained by combining the grade of the final exam with

the CA grade; (2) otherwise, the final grade of the subject is directly the grade of the final exam.

At this point, it is worth saying that there are some courses that force their students to take a final

exam. In such cases, the final exam tries to guarantee that the learners have achieved a minimum

amount of competences in a harder way than that of the validation test.

Finally, there is a third model which includes practicals. Practicals are mandatory assignments

that are usually more complex and longer than CAAs. Such assignments are very common in tech-

nical courses, such as those that belong to Telecommunications and Computer Science. In this

third model, if the student does not pass the practicals, then she fails the course. When the stu-

dent passes the practicals, the average grade of all them (P) is combined with the grade of the final

exam. Next, the resulting grade (FE) is combined with the CA grade as long as the student has

passed the CA. Otherwise, the final grade of the course is directly FE.

The previous three models are the most common. Nevertheless, there are other models such

as the one based only on the combination of CAAs and practicals.

As seen, the assessment model do not require the students to attend F2F classes during the

semester, except for the validation tests and the exams that are mandatory to be taken face-to-face

at one of the UOC’s centers at the end of the course.

A.5 Virtual campus

As VLEs were not very popular programs in 1994, an ad hoc VLE called Virtual Campus (or also

known as UOC campus) was developed. This was designed as a web-based environment in which

the life of the university community takes place. Just like an F2F university campus, the Virtual

Campus allows the students to do administrative (e.g. enrollment, payment, etc.) as well as ac-

cessing to the virtual classrooms. In this regard, the rest of this section will be limited to the expla-

nation of the classrooms, because the administrative tasks are out of the scope of this work.

The classrooms are learning spaces where a student meets the teacher and her classmates.

Likewise, the classrooms include the learning content, activities and communication tools that

are necessary to study (see Figure A.4). In this regard, each classroom is divided into four areas:

• Communication: there are three different communication spaces in an UOC classroom:

– Notice board: this is a space where only teachers can write messages and learners are

only permitted to read them. This is often used to put reminders and important notices.



A.5. Virtual campus 161

Figure A.4: UOC’s virtual classroom.

– Forum: the main goal of this space is to allow the interaction between class members.

Therefore, both students and lecturers can write and read messages. This is often used

to ask and answer questions. The writing style is informal.

– Discussion: this is identical to the forum, but it is usually related to a learning activity.

Hence, the quality of the messages is assessed. Thus, the writing style is often formal.

Besides the previous communication spaces, students can see those classmates who are on-

line (i.e. class participants).

• Planning: in this area, the learner can read the syllabus (i.e. study guide). Moreover, there is

a calendar in which shows the key events of the course, e.g. assignments’ start and deadline

dates. Mandatory assignments (i.e. CAAs) can also be found in a link called activities.

• Resources: thanks to this section, learners can access to the learning resources of the course

in a digital format. In addition, other resources from the UOC’s library can be consulted.

• Assessment: this space allows, on the one hand, the students to hand in their CAAs and, on

the other, the instructors to assess them. Furthermore, learners can see their grades for each

CAA as well as the overall CA grade.

In 2008, the Virtual Campus began to use of the standard OKI, which allows to integrate Moodle

and Sakai tools/classrooms in the core of the campus easily. This was doubtless a turning point.

At present, the Virtual Campus continue to improve day by day.
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B Sets of UCD and LCD

heuristics

This appendix consists of the following two sections:

• The two main usability evaluation methods are described and compared (see section B.1).

• Heuristic evaluation is explained briefly (see section B.2). Next, the appendix focuses on the

sets of heuristics that have been created from:

– A user-centered design (UCD) approach (see section B.2.2).

– A learner-centered design (LCD) approach (see section B.2.3).
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B.1 Usability evaluation methods

Over the years, a variety of UCD methods for evaluating the usability of computer tools have been

defined. In general, there are two commonly adopted approaches (Matera et al., 2002):

.

• User-based methods

• Usability inspection methods

They both are described below. Likewise, Table B.1 summarizes their main features.

B.1.1 User-based methods

The principal characteristic of these usability evaluation techniques can be summarized by means

of the following definition:

User-based methods

These methods basically involve assessing various usability properties by observing how

the system is used by a sample of real end-users.

The main advantage of these methods is that they provide the trustiest evaluation, since the

results are based on the observation of real users while they do real tasks. However, these tech-

niques essentially have two problems:

• The cost is considerable due to the amount of time and effort that are needed to prepare the

evaluation (Jeffries et al., 1991).

• The difficulty to reproduce the actual usage situation due to, among other issues, the Hawthorne

effect, i.e. users modify their behavior because of the fact that they know they are being ob-

served (Triacca et al., 2004).

Some techniques that belong to this category are: think aloud and post-task walkthrough.

B.1.2 Usability inspection methods

Unlike the user-based methods, this category is characterized by:

Usability inspection methods

These methods do not involve real end-users in the evaluation process. Instead, only

expert inspectors assess the tool and provide judgments based on their knowledge.
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User-based methods Usability inspection methods

Participants Real end-users Expert evaluators

Advantages
• Objective ⇒ trusty evaluation • Good effectiveness-cost ratio

• No special equipment, no real users

Disadvantages
• High cost • Dependence upon inspector’s skills

and knowledge ⇒ subjective results

• Hawthorne effect ⇒ difficulty in re-

producing the real usage situation

Examples of • Think aloud • Heuristics

techniques • Post-task walkthrough • Cognitive walkthrough

Table B.1: Main differences between user-based methods and usability inspection methods.

The techniques that belong to this category have a better effectiveness-cost ratio than user-

based methods (Jeffries et al., 1991), since they do not need any special equipment, lab facilities

nor real users (Ardito et al., 2004a). Nevertheless, the results are more subjective because they

depend on the evaluators’ experience and skills (Jeffries et al., 1991).

Despite the fact that there are different inspection techniques, the most popular one is heuris-

tic evaluation.

B.1.3 Which method is mainly used in learner-centered design (LCD)?

After reviewing the literature exhaustively, it can be concluded that although there are some stud-

ies which evaluate educational software by using user-based techniques, such as (UWG, 2010), the

most common approach is the one that is based on usability inspection methods, more specifi-

cally, heuristics. For this reason, the rest of this appendix will be focused on heuristic evaluation.

B.2 Heuristic evaluation

First of all, this section defines what heuristic evaluation means and which is its principal advan-

tage in comparison with other usability evaluation techniques.

Next, the evolution of the sets of heuristics based on a user-center design (UCD) approach is

explained by means of three milestones, which are the three most popular sets: Shneiderman’s,

Norman’s and Nielsen’s sets. Moreover, each of these three sets is described in detail.

Finally, the section focuses on those heuristics that have been created from a learner-centered

design (LCD) approach. More specifically, this appendix details seven of the most important sets

of LCD heuristics that can be found in the literature.
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B.2.1 What does heuristic evaluation mean?

Heuristic evaluation can be defined as follows:

Heuristic evaluation

It is a usability inspection method proposed by Nielsen and Molich (1990) whereby a

small group of expert evaluators, guided by a set of usability principles (i.e. heuristics),

determine whether a system conforms to these and identify specific usability problems.

(Ssemugabi and de Villiers, 2007)

Apart from being useful for evaluating and finding problems in existing tools, heuristics can

also be used as guidelines during the design stage of a computer tool. Thanks to its simplicity,

heuristic evaluation can be used to find the usability problems in a user interface design so that

they can be attended to as part of an iterative design process (Nielsen, 1994b). This possibility is

an advantage compared to other techniques.

B.2.2 Sets of user-centered design heuristics

Even though the term heuristic was not used until 1990, some design guidelines which were pro-

posed before the ’90s have been considered as heuristics by a lot of researchers and practitioners.

One of these sets of guidelines are the eight golden rules that were derived from experience by

Shneiderman (1987, see section B.2.2.1). These rules have become widely used by designers be-

cause they are applicable in most interactive systems.

Similarly, Norman (1988) suggested seven principles that tried to facilitate the designer’s task.

These seven principles focus on transforming difficult tasks into simple ones. These are based on

particular characterizations of the nature of human action (see section B.2.2.2).

In 1990, Nielsen and Molich proposed the heuristic evaluation and defined a set of usability

principles, called heuristics, which was refined by Nielsen based on a factor analysis of 249 usabil-

ity problems in 1994. The revised set (Nielsen, 1994a, see section B.2.2.3) consists of 10 heuristics

which allow to evaluate software regardless of its purpose. Nowadays, these heuristics are proba-

bly the most used in the field of user-centered interface design.

Next, the previous three sets of usability heuristics are described:

.

• Shneiderman’s eight golden rules

• Norman’s seven principles

• Nielsen’s 10 usability heuristics
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B.2.2.1 Shneiderman’s eight golden rules of interface design

This section details the eight rules defined by Ben Shneiderman (1987) in the book “Designing the

user interface: strategies for effective human–computer interaction”.

# Rule

1
Strive for consistency

Consistent sequences of actions should be required in similar situations; identical termi-

nology should be used in prompts, menus, and help screens; and consistent commands

should be employed throughout.

2
Enable frequent users to use shortcuts

As the frequency of use increases, so do the user’s desires to reduce the number of in-

teractions and to increase the pace of interaction. Abbreviations, function keys, hidden

commands, and macro facilities are very helpful to an expert user.

3
Offer informative feedback

For every operator action, there should be some system feedback. For frequent and mi-

nor actions, the response can be modest, while for infrequent and major actions, the

response should be more substantial.

4
Design dialog to yield closure

Sequences of actions should be organized into groups with a beginning, middle, and end.

The informative feedback at the completion of a group of actions gives the operators the

satisfaction of accomplishment, a sense of relief, the signal to drop contingency plans

and options from their minds, and an indication that the way is clear to prepare for the

next group of actions.

5
Offer simple error handling

As much as possible, design the system so that the user cannot make a serious error. If

an error is made, the system should be able to detect the error and offer simple, compre-

hensible mechanisms for handling the error.

6
Permit easy reversal of actions

This feature relieves anxiety, since the user knows that errors can be undone; it thus en-

courages exploration of unfamiliar options. The units of reversibility may be a single

action, a data entry, or a complete group of actions.

7
Support internal locus of control

Experienced operators strongly desire the sense that they are in charge of the system and

that the system responds to their actions. Design the system to make users the initiators

of actions rather than the responders.

8
Reduce short-term memory load

The limitation of human information processing in short-term memory requires that

displays be kept simple, multiple page displays be consolidated, window-motion fre-

quency be reduced, and sufficient training time be allotted for codes, mnemonics, and

sequences of actions.

Table B.2: The eight golden rules defined by Shneiderman (1987).
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B.2.2.2 Norman’s seven principles

These seven principles provide a useful summary of Norman (1988)’s user-centered design philos-

ophy. These were defined in the book “The design of everyday things” and are listed below.

# Principle

1
Use both knowledge in the world and knowledge in the head

By building conceptual models, write manuals that are easily understood and that are

written before the design is implemented.

2
Simplify the structure of tasks

Make sure not to overload the short-term memory, or the long-term memory of the user.

On average, the user is able to remember five things at a time. Make sure the task is con-

sistent and provide mental aids for easy retrieval of information from long-term memory.

Make sure the user has control over the task.

3
Make things visible

Bridge the gulfs of execution and evaluation. The user should be able to figure out the

use of an object by seeing the right buttons or devices for executing an operation.

4
Get the mappings right

One way to make things understandable is to use graphics.

5
Exploit the power of constraints, both natural and artificial

In order to give the user the feel that there is only one possible thing to do.

6
Design for error

Plan for any possible error that can be made, this way the user will be allowed the option

of recovery from any possible error made.

7
When all else fails, standardize

Create an international standard if something cannot be designed without arbitrary

mappings.

Table B.3: The seven principles defined by Norman (1988).
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B.2.2.3 Nielsen’s 10 usability heuristics

This section lists the 10 general heuristics for user interface design that Jakob Nielsen (1994a) de-

fined. They can be found in Nielsen’s website: www.useit.com/papers/heuristic/heuristic_list.html.

# Heuristic

1
Visibility of system status

The system should always keep users informed about what is going on, through appropriate

feedback within reasonable time.

2
Match between system and the real world

The system should speak the users’ language, with words, phrases and concepts familiar to the

user, rather than system-oriented terms. Follow real-world conventions, making information

appear in a natural and logical order.

3
User control and freedom

Users often choose system functions by mistake and will need a clearly marked “emergency

exit” to leave the unwanted state without having to go through an extended dialog. Support

undo and redo.

4
Consistency and standards

Users should not have to wonder whether different words, situations, or actions mean the same

thing. Follow platform conventions.

5
Error prevention

Even better than good error messages is a careful design which prevents a problem from occur-

ring in the first place. Either eliminate error-prone conditions or check for them and present

users with a confirmation option before they commit to the action.

6
Recognition rather than recall

Minimize the user’s memory load by making objects, actions, and options visible. The user

should not have to remember information from one part of the dialog to another. Instructions

for use of the system should be visible or easily retrievable whenever appropriate.

7
Flexibility and efficiency of use

Accelerators – unseen by the novice user – may often speed up the interaction for the expert

user such that the system can cater to both inexperienced and experienced users. Allow users

to tailor frequent actions.

8
Aesthetic and minimalist design

Dialogs should not contain information which is irrelevant or rarely needed. Every extra unit of

information in a dialog competes with the relevant units of information and diminishes their

relative visibility.

9
Help users recognize, diagnose, and recover from errors

Error messages should be expressed in plain language (no codes), precisely indicate the prob-

lem, and constructively suggest a solution.

10
Help and documentation

Even though it is better if the system can be used without documentation, it may be necessary

to provide help and documentation. Any such information should be easy to search, focused

on the user’s task, list concrete steps to be carried out, and not be too large.

Table B.4: The 10 usability heuristics defined by Nielsen (1994a).
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B.2.3 Sets of learner-centered design heuristics

Despite its popularity, Nielsen’s heuristics (and Shneiderman’s and Norman’s ones) are so general

that can be insufficient or inadequate for some domains. This is the case of education, in which

some researchers have argued that learning process modifies the UCD definitions of user and task.

As a result, new heuristics based on a learner-centered design (LCD) have been defined. Broadly

speaking, two types of heuristics for educational software can be distinguished:

Types of LCD heuristics

• The ones that are adaptations of Nielsen’s heuristics to the educational context.

• Heuristics created from scratch by following an LCD approach.

The rest of this section describes, in chronological order, seven of the most relevant works that

have been carried out in the field of the heuristics for educational software. Specifically, four of

these seven sets are based on Nielsen’s one to some extent, whereas the other three are totally new.

Table B.5 displays the heuristics that will be described and highlights the main features.

Author Year No. heuristics Foundations1

Quinn 1996 8

Cognitive Apprenticeship

Anchored Instruction

Problem-Based Learning

Laurillard’s model of technology-mediated learning

Squires and

Preece
1999 8

Nielsen’s heuristics

Principles of Constructivism

Reeves et al. 2002 15
Nielsen’s heuristics

Instructional design principles

Ardito et al. 2004
39 heuristics Authors’ previous experience in usability evaluation

for platforms Results of a user testing (think aloud + interviews)

Mehlenbacher

et al.
2005

5 dimensions HCI research

and Rhetorical theory

21 heuristics Principles of e-learning design

Dringus and

Cohen
2005

13 categories Nielsen’s and Reeves et al.’s heuristics

161 heuristics Authors’ experience and evaluation of WebCT

Ssemugabi and

de Villiers
2007 20

Nielsen’s heuristics

Specific heuristics for website design

Learning theories, models and heuristics

1 These foundations have been collected from the original papers.

Table B.5: Summary of the sets of LCD heuristics described in this appendix.
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B.2.3.1 Quinn’s heuristics

In a pioneering work, Quinn (1996) proposed the adaptation of the usability inspection meth-

ods for the purpose of evaluating the educational design of software. To this end, he looked for

a convergent model which covered elements that were shared by the following theoretical per-

spectives on learning and instruction: Cognitive Apprenticeship, Anchored Instruction, Problem-

Based Learning and Laurillard’s model of technology-mediated learning.

According to Quinn (1996), he selected the aforementioned four approaches because, despite

their differences, they implicitly or explicitly share an overall structure that includes two compo-

nents: (1) to engage the learner in sequenced activities that match her abilities, and (2) guided

reflection on learning where the students state their understanding and receive feedback. The

resultant set consisted of eight heuristics (see Table B.6).

# Heuristic

1
Clear goals and objectives

The software should make it clear to the learner what is to be accomplished and what

will be gained form its use.

2
Context meaningful to domain and learner

The activities should be situated in practice and engaging to the learner.

3
Content clearly and multiply represented, and multiply navigable

The message should be unambiguous. The software should support different learner

preferences and allow the student to find relevant information while engaged in an

activity.

4
Activities scaffolded

Learner activities need to be supported to allow working within competence yet on

meaningful chunks of knowledge

5
Elicit learner understandings

Learners need to articulate their conceptual understandings as the basis for feedback.

6
Formative evaluation

The software should provide learners with constructive feedback on their endeavors.

7
Performance should be “criteria-referenced”

The software should provide outcomes that are clear and measurable; likewise,

competency-based evaluation should be a goal.

8
Support for transference and acquiring “self-learning” skills

The software should support transference of the skills beyond the learning environ-

ment, and this should also facilitate the learner to become able to self-improve.

Table B.6: Heuristics defined by Quinn (1996).
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B.2.3.2 Squires and Preece’s heuristics

Squires and Preece (1999) wanted to provide instructors with a predictive evaluation method that

helped them to easily decide what software to use in class. To this end, Squires and Preece adapted

the idea of heuristic evaluation to the educational context. First, they established possible rela-

tionships between Nielsen’s heuristics and the principles of Social Constructivism. Based on that

work, they finally developed a set of eight heuristics that took account of both usability and learn-

ing issues. These heuristics were called learning with software heuristics (see Table B.7).

# Heuristic

1
Match between designer and learner models

There should not be significant differences between designer’s and learner’s model.

Should this not be the case, the discrepancy could cause misconceptions in the learner.

To avoid it, feedback should provide an understandable representation of the cognitive

tasks which ensures that learner’s model will be consistent with the designer’s one.

2
Navigational fidelity

Interfaces should have a balance between complexity and simplicity. On the one hand,

an excess of features may result in superficially complex interfaces which focus inter-

action on incidental navigation, rather than intended learning tasks and, on the other,

a simplistic navigation may compromise the learning process.

3
Appropriate levels of learner control

A learner should have a sense of ownership of her learning within a supportive learning

environment in which peers and teachers help her.

4
Prevention of peripheral cognitive errors

Usability errors should be anticipated and avoided, whereas cognitive errors are per-

missible when they are relevant to major learning issues.

5
Understandable and meaningful symbolic representation

The interface should demand a low cognitive load and the functionalities should be

obvious. Symbols, icons and names should be consistent throughout the application.

6
Support personally significant approaches to learning

This is implemented by multiple representations, learner’s support materials and

metacognition. It should be clear what learning styles are supported and which aspects

of the application relate to learning styles.

7
Strategies for the cognitive error recognition, diagnosis and recovery cycle

People learn by their mistakes. There should thus be strategies that promote this cycle,

e.g. cognitive conflict, instructional scaffolding, etc.

8
Match with the curriculum

Educational tools should correspond, to some extent, to the curriculum of the course.

Table B.7: Heuristics defined by Squires and Preece (1999).
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B.2.3.3 Reeves et al.’s heuristics

Reeves et al. (2002) wrote the results of the discussions that were carried out in a doctoral semi-

nar held at the University of Georgia between August and December 2001. First of all, the tradi-

tional heuristic evaluation defined by Nielsen and Molich (1990) was modified so as to evaluate

e-learning programs. These modifications also involved an expansion of Nielsen’s heuristics in or-

der to include instructional design principles. The final result was a set of 15 heuristics (see Table

B.8) in which the first eight were based on Nielsen’s ones (see section B.2.2.3).

# Heuristic

1 Visibility of system status (Nielsen’s heuristic #1)

2 Match between system and the real world (Nielsen’s heuristic #2)

3 Error recovery and exiting (Nielsen’s heuristic #3)

4 Consistency and standards (Nielsen’s heuristic #4)

5 Error prevention (Nielsen’s heuristic #5)

6 Navigation support (Nielsen’s heuristic #6)

7 Aesthetics (Nielsen’s heuristic #8)

8 Help and documentation (Nielsen’s heuristic #10)

9
Interactivity

Providing content-related interactions and tasks that support meaningful learning.

10
Message design

Information should be presented in keeping with sound information-processing prin-

ciples so that the information is presented correctly.

11
Learning design

Interactions should be designed in accord with the principles of a learning theory.

12
Media integration

The inclusion of media should serve clear pedagogical and/or motivational purposes.

Any form of medium must thus be included to enrich the learning process.

13
Instructional assessment

If appropriate to the content, the program should provide assessment opportunities

that are aligned with the program objectives and content.

14
Resources

The tool should provide access to all the resources necessary to support learning.

15
Feedback

The educational software should provide feedback that is contextual and relevant to

the problem or task in which the learner is engaged.

Table B.8: Heuristics defined by Reeves et al. (2002).
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B.2.3.4 Ardito et al.’s heuristics

Ardito et al. (2004b) aimed to define a methodology for evaluating e-learning applications which

involved adapting the SUE methodology (Matera et al., 2002) to the e-learning domain. To this

end, they developed a set of heuristics that is original in the sense that it explicitly distinguishes

between the heuristics for e-learning platforms and those for content (or, as they call them, e-

learning modules). As the scope of this thesis is the effective design of VLEs, this section will only

pay attention to those heuristics that are related to e-learning platforms.

Ardito et al. (2004b) created their heuristics based on four dimensions:

• Presentation: this encompasses exterior features of the interface, i.e. all aspects related to

visualization of tools and elements of the platform.

• Hypermediality: all features that enable to communicate through different channels (audio,

video, textual, etc.) and even to organize lessons in a non-sequential way, allowing students

to choose a logical path different from the one suggested.

• Application proactivity: ease of use of the tools so that students do not spend time on learn-

ing how the platform works, but they just make an effort to learn the course’s learning do-

main. Likewise, it is also important to avoid potential problems through error prevention.

• User’s activity: this is related to the needs of a student/lecturer which could arise during the

user’s interaction.

The choice of these dimensions was based on the researchers’ previous experience in the do-

main of usability evaluation of hypermedia systems, stressing the importance of evaluating an ap-

plication from different points of view so as to obtain more accurate results. For each dimension,

Ardito et al. associated two general principles that contribute to characterize usability (ISO-9241,

1998): (1) effectiveness, and (2) efficiency. They each were divided into two criteria:

• Effectiveness (i.e. task completion by users)

– Supportiveness for learning/authoring: this concerns the degree to which the tools

provided by the platform allow to learn and prepare lessons and educational paths in

an effective way.

– Supportiveness for communication, personalization and access: how the provided

tools satisfy these needs.

• Efficiency (i.e. task in time)

– Structure adequacy: how efficiently the activities that the student usually performs are

structured and visualized.

– Facilities and technology adequacy: it concerns the efficiency of scaffolding and sup-

plementary supports provided to the user. In other words, how the platform adapts to

the technology used by the learner to access it.
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Finally, Ardito et al. proposed, in the form of guidelines, a set of heuristics for each of criteria

of each general principle of each dimension (see Table B.9). These guidelines were defined from a

user testing in which 10 students were observed during their interaction with an educational tool.

Dimension General

Principle

Criterion Guideline

Presentation

Effectiveness

Supportiveness for

learning/authoring

For interface graphical aspects, the

same UCD attributes hold

Errors and cues to avoidance are high-

lighted

Supportiveness for

communication,

personalization and

access

It is possible to personalize interface

graphics

Efficiency
Structure adequacy

System state is clearly and constantly

indicated

Progress tracking is clearly visualized

Possibilities and commands available

are clearly visualized

Course structure is clearly visualized

Facilities and tech-

nology adequacy

Adaptation of the graphical aspect to

the context of use is provided

Hypermediality

Effectiveness

Supportiveness for

learning/authoring

The lecturer is supported in preparing

multimedia material

Easy movement among subjects is al-

lowed by highlighting cross-references

through state and course maps

Supportiveness for

communication,

personalization and

access

Communication is possible through

different media channels

A personalized access to learning con-

tents is possible

Efficiency

Structure adequacy Both lecturer and student can access

the repository

Facilities and

technology adequacy

It is possible to create contextualized

bookmarks

The platform can be used off-line,

maintaining tools and learning context

Table B.9: Heuristics defined by Ardito et al. (2004b).
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Dimensions General

Principles

Criteria Guidelines

Application

Proactivity

Effectiveness

Supportiveness for

learning/authoring

Lecturers can access a scaffolding library

to suggest winning models

It is possible to insert assessment tests in

various forms

The platform automatically updates stu-

dents’ progress tracking

The platform allows to insert learning do-

main tools

Supportiveness for

communication,

personalization and

access

Users profiles are managed

Efficiency

Structure adequacy

Mechanisms exist to prevent usage errors

Mechanisms exist for teaching-through-

errors

Lecturers and students access the reposi-

tory in different modes

Platform tools are easy to use

Facilities and

technology adequacy

It is possible to automatically and cor-

rectly attenuate scaffolding

Adaptation of technology to the context

of use is provided

The date of last modification of docu-

ments is registered in order to facilitate

updating

User’s Activity

Effectiveness

Supportiveness for

learning/authoring

Easy-to-use authoring tools are provided

Assessment tests to check one’s progress

at any time are provided

Reports are managed about attendance

and usage of a course

It is possible to use learning domain tools

even when not scheduled

Supportiveness for

communication,

personalization and

access

It is possible to eliminate scaffolding or to

personalize its attenuation

Both synchronous and asynchronous

communication tools are provided

It is possible to communicate with both

students and lecturers

It is possible to make annotations

It is possible to integrate the provided ma-

terial

Efficiency

Structure adequacy Mechanisms are provided for search by

key or natural language

Facilities and

technology adequacy

Authoring tools allow to create standard-

compliant documents and tests (AICC,

IMS, SCORM)

Authoring tools facilitate documents up-

date and assessment tests editing

Table B.9: Heuristics defined by Ardito et al. (2004b) (continued)
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B.2.3.5 Mehlenbacher et al.’s heuristics

First of all, in order to identify common instructional situations, Mehlenbacher (2002) analyzed

and compared ten models of instruction and learning that used technology. From that analysis,

he proposed a conceptual framework that consisted of five interdependent dimensions which,

according to him, were found in all (or everyday) instructional situations. These dimensions were:

(1) learner background and knowledge, (2) learner tasks and activities, (3) social dynamics, (4)

instructor activities, and (5) learning environment and tools. With his framework, Mehlenbacher

wanted to provide researchers and practitioners with a useful instrument that allowed them to

describe and evaluate any instructional situation.

Later, Mehlenbacher et al. (2005) connected the five dimensions to a set of heuristics for de-

signers and evaluators of online learning environments (see Table B.10). These heuristics were

influenced by a holistic approach based on HCI research, rhetorical theory and e-learning design.

For each heuristic, they provided some questions that the designer or evaluator should ask herself

while designing/evaluating an online learning environment. These questions can be founded in

the paper (Mehlenbacher et al., 2005).

Dimension of all instructional situations Heuristic

Learner background and knowledge

Accessibility

Customizability and maintainability

Error support and feedback

Navigability and user movement

User control, error tolerance, and flexibility

Learner tasks and activities

Instructional content

Completeness

Examples and case studies

Readability and quality of writing

Relationship with real-world tasks

Interaction display

Aesthetic appeal

Consistency and layout

Typographic cues

Visibility of features and self-description

Social dynamics
Mutual goals and outcomes

Communication protocols

Instructor activities
Authority and authenticity

Intimacy and presence

Learning environment and tools

Help and support documentation

Metaphors and maps

Organization and information relevance

Reliability and functionality

Table B.10: Dimensions and heuristics defined by Mehlenbacher et al. (2005).
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B.2.3.6 Dringus and Cohen’s heuristics

Drawing on Nielsen (1994a) and Reeves et al. (2002)’s heuristics, Dringus and Cohen (2005) con-

ducted a heuristic evaluation of WebCT from the perspectives of the learner and the instructor. As

a result of this evaluation, they obtained a list of usability problems. Apart from this list, they made

another one based on their teaching experience. They then merged the two problem lists into one

comprehensive list. From the aggregated problem list, Dringus and Cohen identified 13 heuris-

tic categories that included 161 specific heuristics (see Table B.11). In this regard, the specific

heuristics were written in the form of questions so that inspectors could ask themselves during

the evaluation.

In order not to overwhelm the reader with too many heuristics/questions, Table B.11 only

shows some of them for each category.

# Heuristic category

1

Visibility

• Does the user know where to start on the main page?

• Is the intended functionality clear for each option or selection?

• Are button labels meaningful?

• Can the user visibly discriminate between information and activities arranged on the

homepage?

2

Functionality

• How many actions/selections does the instructor have to do to complete one main

task (e.g. establish an assignment)?

• How intuitive are button functions without clicking on them first?

• Are there sufficient shortcuts for navigating the activity, function or action?

3

Aesthetics

• Is there proper use of color or graphics that enhance navigation?

• Are items or functions placed in meaningful order?

• Are the screens pleasing to look at?

• Is there too much course content or information on the screen?

4

Feedback and Help

• Is the user offered sufficient FAQs and human support to obtain necessary help?

• Are system messages meaningful?

• Is the user provided with sufficient information to know what the system status is and

where in the system she is?

5

Error Prevention

• Does the use have control over the system?

• Is “undo” an intuitive process?

• Are errors avoided or minimized when possible?

Table B.11: Categories and some heuristics defined by Dringus and Cohen (2005).
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6

Memorability

• Is information presented in organized chunks to support learnability and memo-

rability?

• Is cognitive load reduced by providing familiarity of items and action sequences?

7

Course Management

• Are files easy to upload?

• Are files easy to organize according to sequence and timing desired by the de-

signer?

• Is attention paid to minimize redundant efforts?

8

Interactivity

• Can the user follow the progression or flow of discussion of one single topic or

across multiple topics?

• Are messages arranged in an effective threaded fashion?

• Is it easy to compose a message?

• Can activities be easily monitored by the instructor?

9

Flexibility

• To what extent can users customize their “view”?

• Does the course support various learning styles?

• Does the course support various modes of learning (i.e. asynchronous, syn-

chronous, hybrid)?

10

Consistency

• Do all buttons/labels/texts/icons/etc. offer consistent and meaningful informa-

tion?

• Is there adequate integration of functionality and tasks, i.e. does the tool match

the desired task? Does the tool match the learning objective?

• Does the system operate consistently throughout the course?

11

Efficiency

• Does the organization match the mental model of the user and instructor?

• Are modal operations reduced, where possible?

12

Reducing Redundancy

• Are items visible in multiple places and from multiple paths?

• Can multiple but similar tasks be done easily?

13

Accessibility

• Does the system provide sufficient flexibility for multiple types of users?

• Are alternative pathways to course content and activites available?

• Is the text of sufficient viewable size? (this also belongs to the heuristic #1)

Table B.11: Categories and some heuristics defined by Dringus and Cohen (2005) (continued)



180 Appendix B. Sets of UCD and LCD heuristics

B.2.3.7 Ssemugabi and de Villiers’s heuristics

The aim of Ssemugabi and de Villiers (2007) was to compare to what extent the findings of a

heuristic evaluation conducted by experts corresponded with the findings of a survey evaluation

filled out by learners. For this purpose, they developed a set of 20 heuristics for evaluating web-

based learning environments. These 20 heuristics, in turn, were classified into three categories:

(1) general interface usability criteria, (2) website-specific criteria for educational websites, and

(3) learner-centered instructional design. The first category includes Nielsen (1994a)’s heuristics

(see section B.2.2.3) adapted to the educational context. Even though this first class also applies to

web-based applications, the second group contains heuristics that are more specific to websites.

Finally, the last category identifies heuristics which are needed for online learner-centered educa-

tion and that are grounded on current learning theories, models and other learning heuristics.

Table B.12 displays the three categories and, for each of them, the heuristics that belong to it.

Furthermore, Ssemugabi and de Villiers provided guidelines (or sub-heuristics) for each heuristic,

but only a small sample of them is shown for Categories 2 and 3.

# Heuristic

Category 1: General interface usability criteria (adaptation of Nielsen’s heuristics to the educational context)

1 Visibility of system status

2 Match between the system and the real world

3 Learner control and freedom

4 Consistency and adherence to standards

5 Error prevention

6 Recognition rather than recall

7 Flexibility and efficiency of use

8 Aesthetics and minimalism in design

9 Recognition, diagnosis and recovery from errors

10 Help and documentation

Category 2: Web-specific criteria for educational websites

11

Simplicity of site navigation, organization and structure

• Related information is placed together

• There is a smooth flow of interaction with the application

12

Relevance of site content to the learner and the learning process

• Content is engaging, relevant, appropriate and clear to learners using the website

• It is clear which materials are copyrighted and which are not

Table B.12: Categories and heuristics defined by Ssemugabi and de Villiers (2007).
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# Heuristic

Category 3: Learner-centered instructional design

13

Clarity of goals, objectives and outcomes

• There are clear goals, objectives and outcomes for learning encounters

• The reason for inclusion of each page or document on the site is clear

14
Effectiveness of collaborative learning (where this is available)

• Facilities and activities are available that encourage learner-learner and learner-

teacher interactions.

15
Level of learner control

• Apart from controlling the interactions with the site, learners have some freedom to

direct their learning, either individually or through collaborative experiences, and to

have a sense of ownership of their learning

• Where appropriate, learners take the initiative regarding the methods, time, place,

content, and sequence of learning

16 Support for personally significant approaches to learning

• There are multiple representations and varying views of learning artefacts and tasks

• Metacognition (the ability of a learner to plan, monitor and evaluate her own cogni-

tive skills) is encouraged

17 Cognitive error-recognition, diagnosis and recovery

• Learners are permitted to learn by their mistakes and are provided with help to re-

cover from cognitive errors

18 Feedback, guidance and assessment

• Learners are guided as they perform tasks

• Quantitative feedback, e.g. grading of learners’ activities is given, so that learners are

aware of their level of performance

19 Context meaningful to domain and learner

• Knowledge is presented within a meaningful and authentic context that supports

effective learning

• The representations are understandable and meaningful, ensuring that symbols,

icons and names used are intuitive within the context of the learning task

20 Learner motivation, creativity and active learning

• The site has content and interactive features that attract, motivate and retain learn-

ers, and that promote creativity on the part of learners

Table B.12: Categories and heuristics defined by Ssemugabi and de Villiers (2007) (continued)
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C Quantitative

data analysis

This appendix explains the concepts, assumptions and measures that have been taken into consid-

eration when quantitative data have been analyzed statistically in this thesis. Likewise, it describes

the statistic tests that have been used. More specifically, this appendix deals with the following

topics:

• General concepts which are needed to understand the whole appendix (see section C.1).

• The scale of measurement called Likert scale, which has highly been used in this research

work (see section C.2).

• The two disciplines that are part of the analysis of quantitative data and which have been

used in this dissertation (see section C.3):

– Descriptive statistics (see section C.3.1):

∗ Frequency and percentage

∗ Measures of central tendency

∗ Measures of dispersion

∗ Shape of the distribution

– Inferential statistics (see section C.3.2):

∗ Independent, dependent and extraneous variables

∗ Hypotheses

∗ Test statistic, p-value and level of significance

∗ Kendall’s coefficient of concordance

∗ Spearman’s rank correlation coefficient

∗ Mann-Whitney U test
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C.1 General concepts

This section explains some basic statistical concepts that are needed to understand this appendix:

.

• Population, individual, sample and variable

• Parameter and statistic

• Scales of measurements

C.1.1 Population, individual, sample and variable

A population is a finite or infinite collection of data which contains all subjects of interest whose

properties are analyzed. Its size is denoted by N and every subject is called individual.

However, researchers seldom have access to the whole population in which they are interested,

but only have access to a limited part instead, i.e. a sample. Hence, a sample is a subset selected

from the population. The size of a sample is denoted by the letter n.

A variable is a measurable attribute/property/feature that describes the individuals of the

population/sample, e.g. gender, number of children, height, weight, etc. The value of a variable

changes from one individual of the population/sample to another.

If we conducted a study of the educational background of the Spanish unemployed people,

one variable could be if the individual holds a university degree (yes/no). Obviously, the Spanish

unemployed would be the population (around N = 5100000). Because it would be very difficult

to ask all people from the population, we could ask a sample that contained 700000 unemployed

Spaniards. As it can be noticed, there are many possible samples which have n = 700000.

C.1.2 Parameter and statistic

A parameter is a measurable feature that characterizes a given population. Therefore, the param-

eter reports on the whole population. Regarding the statistic, it is the same as the parameter but

it refers to a sample. The mean and the standard deviation are examples of parameters/statistics.

As the same measure can be both a parameter and a statistic, different symbols are used to dis-

tinguish both cases. For example, µ and x are the mean of a population and a sample, respectively.

C.1.3 Scales of measurement

A variable can be measured with different scales. Because different statistical techniques are suit-

able for different kinds of data (Oates, 2006, Chapter 17, p. 246), it is essential to know what type

of measurement scale one is using for each variable. Broadly speaking, there exist four categories

of scales of measurement (Stevens, 1946): (1) nominal, (2) ordinal, (3) interval, and (4) ratio. Table

C.1 summarizes some of the features of these categories, allowing to compare them.
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C.2 Likert scale

C.2.1 Introduction

It is quite common for researchers to use questionnaires so as to inspect people’s opinions on

something (e.g. a new software, a course, etc.). Most of the questions in these questionnaires are

usually on a Likert scale which ranges from strongly disagree to strongly agree (see Figure C.1).

The use of this type of scale as a technique for measuring psychological attitudes was developed

by and named after Rensis Likert (1932). This scale can be defined as follows:

Likert scale

A psychometric response scale primarily used in questionnaires to obtain participant’s

preferences or degree of agreement with a statement or set of statements.

(Bertram, 2007)

C.2.2 Variations

There are multiple versions of this scale. The most common variation is 5-point Likert scale. Other

popular variants are 7-point and 9-point.

In addition to providing the respondents with the N points of the chosen variation, it is also

frequent to give extra options such as no response. Furthermore, it is very common to code the

categorical values with numbers, being 1 the lowest value (i.e. strongly disagree) and 5/7/9 the

highest one (i.e. strongly agree).

Likert scale in this thesis

In this thesis, most of the questions in the questionnaires use a 5-point Likert scale. Each

point is coded with a number, being 1 the most negative/lowest value and 5 the most

positive/highest one. Likewise, the number 3 is a neutral value which can have the label

neither agree nor disagree or fair depending on the question.

Figure C.1: Example of a 5-point Likert scale with the option agree checked.
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C.2.3 What type of scale of measurement is a Likert scale?

In the literature, there exists an ongoing discussion on which category this scale belongs to. This

discussion is due to the fact that a Likert scale can have both nominal (e.g. agree, disagree, etc.)

and numerical values (e.g. 1, 2, etc.). Even though a lot of researchers tend to think this scale

gives interval data, this assumption is wrong (Jamieson, 2004; Robertson, 2012). This is due to the

fact that, although data is ranked and strongly agree (i.e. 5) is usually better than agree (i.e. 4),

the researcher cannot be sure that the respondents consider the distance between strongly agree

(i.e. 5) and agree (i.e. 4) is the same as neutral (i.e. 3) and disagree (i.e. 2), even though the

difference is 1 in both cases. Consequently, a Likert scale is not an interval scale. This means that

the numerical values that are often used only represent verbal statements and, therefore, these

only provide information about the order of the items (i.e. the position) and nothing else.

Thesis assumption

Likert scale belongs to the category of ordinal scale because the nominal values of the

scale can be ranked, but the distance between the scale points cannot be assumed to be

equal. As a result, the variables measured with a Likert scale are ordinal.

C.2.4 Internal consistency

The internal consistency describes how well (or the degree of reliability in which) a set of vari-

ables/items/questions of a test measures a single, unidimensional, underlying (or latent) con-

cept/construct. In this regard, one of the most common measures to calculate the internal consis-

tency is the Cronbach’s alpha coefficient (α).There are two ways to calculate it:

α =



= k
k−1 ·

1−

n∑
i=1

s2i

s2sum

 Variance of the items (the most commonly used)

= nρ
1+ρ(n−1) Correlation matrix

(C.1)

where k and n are the number of items, s2i is the variance of the component i for the current

sample, s2sum is the variance for the sum of all items, and ρ the average of the linear correlations

among the items.

The value of α is a number between 0 and 1. The higher α is, the more reliable the scale is. Ac-

cording to the literature, it is generally accepted the threshold suggested by Nunnally (1978) which

establishes that a value of α equals or greater than 0.7 is an indicator that the scale is internally

consistent or reliable.
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Despite using measures only suitable for interval and ratio data, such as the variance (see Table

C.1), it is quite common to use the Cronbach’s alpha coefficient when the variables/items/questions

are based on a Likert scale (i.e. an ordinal measurement scale).

To understand how to calculate this measure from the first formula, let us imagine a shop that

conducts a questionnaire with three questions (k = 3) to assess customer satisfaction. Each ques-

tion measures a different aspect on a Likert scale (from 1 to 5). 10 customers participated.

Questions
Customers

s2i
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Question 1 5 4 2 4 3 4 4 3 4 5 .844 n∑
i=1

s2i = 2.799Question 2 4 5 3 5 3 4 4 4 5 5 .622

Question 3 5 5 2 5 3 5 4 3 5 3 1.333

Sum 14 14 7 14 9 13 12 10 14 13 s2sum = 6.222

Table C.2: Example of Cronbach’s alpha coefficient.

α =
k

k − 1
·

1−

n∑
i=1

s2i

s2sum

 =
3

3− 1
·
(
1− 2.799

6.222

)
= 1.5 · (1− 0.4498) = 1.5 · 0.55 = 0.825 (C.2)

The result shows that the Cronbach’s alpha is high: 0.825. The shop can trust that the three

questions in the questionnaire reliably assess the same construct, i.e. customer satisfaction.

C.3 Statistical analysis

When data are collected from a population, these can mainly be analyzed by using:

.
• Descriptive statistics

• Inferential statistics

They both are explained below. As most of the data of this thesis come from a Likert scale, this

appendix will especially focus on those measures, tests, etc., which are suitable for ordinal data.

C.3.1 Descriptive statistics

This discipline of statistics can be defined as follows:

Descriptive statistics

Discipline which focuses on quantitatively describing the main features of a collection of

data. Hence, its goal is to summarize a dataset by using statistical measures.
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Typically, there are four general types of statistical information that are used to describe data:

.

• Frequency and percentage

• Measures of central tendency

• Measures of dispersion

• Shape of the distribution

C.3.1.1 Frequency and percentage

Let X be the variable that is studied. Let x1, x2, ..., xn be a sample of size n and v1, v2, ..., vk the

different possible values that the variable X can take. There are mainly four types of frequency:

• Absolute frequency (ni): it is the number of times that the variable took a specific value (vi)

during the study/experiment. Thus, ni denotes the absolute frequency of the value vi.

• Relative frequency (fi): it is the absolute frequency of a particular value (ni) divided by the

size of the sample, i.e. fi =
ni

n . Thus, fi denotes the relative frequency of the value vi.

• Cumulative absolute frequency (Ni): for vi, this frequency indicates the number of times

that the variable was less than or equal to vi during the experiment, i.e. Ni =
i∑

r=1

nr.

• Cumulative relative frequency (Fi): it is the result of dividing each cumulative absolute fre-

quency by the size of the sample, i.e. Fi =
i∑

r=1

fr =
Ni

n
.

If the relative (fi) and cumulative relative (Fi) frequencies are multiplied by 100, then the results

are the percentage (pi) and the cumulative percentage (Pi), respectively.

It is very usual to provide the information about frequencies and percentages by means of a

frequency table (see Table C.3). The frequency tables of this thesis only show the colored columns

of the Table C.3. However, some tables have an extra column denoted by p∗i which shows the per-

centage of each option without considering the responses of the missing values (e.g. no response).

In these cases, the column Pi is calculated from p∗i .

vi ni fi pi Ni Fi Pi

1 2 2/20 10% 2 2/20 10%

2 1 1/20 5% 3 3/20 15%

3 6 6/20 30% 9 9/20 45%

4 7 7/20 35% 16 16/20 80%

5 4 4/20 20% 20 20/20 100%

n = 20
∑

fi = 1
∑

pi = 100%

Table C.3: Example of frequency table: students’ satisfaction with an

online course (variable measured with a 5-point Likert scale).
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C.3.1.2 Measures of central tendency

First of all, it is needed to define what a measure of central tendency is:

Measure of central tendency

A measure of central tendency is a single figure that represents the whole set of data (i.e.

population/sample).

(Khan, 2008)

Hence, these measures reduce a large amount of data to a single, easily understood number

(Healey, 2011). The three commonly used measures of central tendency are:

.

• Mode (Mo)

• Median (Mdn or Q2)

• Mean (µ, x)

Table C.4 summarizes the most significant features of these three measures. As seen, only the

median and the mode can be used when a variable uses an ordinal scale of measurement .

Description Comments Scales

Mode

(Mo)

This is the value that

occurs most frequently in

the population/sample.

In other words, the most

repeated score.

• A dataset can have one (unimodal) or more than

one mode (multimodal).

Nominal

• The particular case in which the distribution has

two modes is called bimodal.

Ordinal

• If there are not values that occur most frequently,

the distribution does not have mode.

Interval

• It is not affected by extreme values. Ratio

Median It is the value that is in the

middle of the dataset.

• It always lies at the exact center of a distribution Ordinal

(Mdn or

Q2)

• Half of the values in the dataset lie below the me-

dian and half lie above the median.

Interval

• Extreme values do not affect the median. Ratio

Mean

(µ, x)

It is the average score of

the distribution.

• It is affected by extreme values (or outliers). Interval

µ =

N∑
i=1

Xi

N
=

k∑
i=1

vini

N
• When the sample size is large and does not

include outliers, the mean usually provides a

better measure of central tendency.

Ratio

x =

n∑
i=1

xi

n
=

k∑
i=1

vini

n

Table C.4: Measures of central tendency.
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C.3.1.3 Measures of dispersion

Just like the measures of central tendency, a definition of measure of dispersion is given first:

Measure of dispersion

The measures of dispersion inform about how similar a set of values are to each other.

In other words, they describe the amount of variability or spread of the data around a

central value.

By definition, the more similar the values are to each other, the lower the measure of dispersion

will be, and the other way around. The most commonly used measures of dispersion are:

.

• Range (R)

• Interquartile range (IQR)

• Variance (σ2, s2)

• Standard deviation (σ, s)

Table C.5 summarizes the most important characteristics of each measure. As seen, the range

and the interquartile range are the only measures that can be used with ordinal data.

Description Comments Scales

Range (R) The difference between the

largest and smallest values in the

dataset, i.e. R = X(n) −X(1)

• This does not take all the items into account. Ordinal

• This is affected by extreme values. Interval

• This may not be representative of the population. Ratio

Interquartile

range (IQR)
The range of the middle 50% of

the dataset, i.e. IQR = Q3 −Q1

• This does not take all the items into account. Ordinal

• This is often used with skewed data because IQR is

insensitive to extreme values.

Interval

Ratio

Variance

(σ2, s2)

σ2 = 1
N

N∑
i=1

(Xi − µ)2 • The larger the variance is, the more the scores devi-

ate, on average, away from the mean, and vice versa.

Interval

s2 = 1
n−1

n∑
i=1

(xi − x)2 • The units of variance are meaningless, since they

are squared units of the original observations.

Ratio

Standard

deviation

σ =
√
σ2 • To avoid the problem of the squared units, it is usual

to give the standard deviation instead of the variance.

Interval

(σ, s) s =
√
s2

• Better than the previous three measures if the data

are interval or ratio.

Ratio

Table C.5: Measures of dispersion.
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C.3.1.4 Shape of the distribution

Observing the shape of an ordered dataset, i.e. how the values of the dataset are distributed, can

provide interesting information. For example, the skewness, which is an overall information that

is related to the measures of central tendency and dispersion.

Skewness

Degree to which a statistical distribution is not in balance around the mean. In other

words, degree and direction of asymmetry.

If the distribution is asymmetrical (i.e. this does not follows a normal distribution, x = Mdnx =

Mox), then one of the following two kinds of skewness can be found (see Figure C.2):

• Positive skewness (or right-skewed): the distribution has some extremely high values. Graph-

ically, the right tail is longer and the mass of the distribution is concentrated on the left of the

figure. For example, X = {1, 2, 3, 100}. In this case, usually Mox < Mdnx < x.

• Negative skewness (or left-skewed): the distribution has some very low values. Graphically,

the left tail is longer and the mass of the distribution is concentrated on the right of the figure.

For example, X = {1, 100, 101, 102}. In this case, usually x < Mdnx < Mox.

As seen in Figure C.2, one way of reporting on the shape of a distribution is by means of a bar

chart. Likewise, a box plot is another graphical representation to display the shape of a distribution

when the data are ordinal, interval or ratio (see Figure C.3).

(a) Positive skewness (or right-skewed distribution) (b) Negative skewness (or left-skewed distribution)

(c) Symmetrical (normal distribution)

Figure C.2: Bar charts with different types of skewness.
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(a) Positive skewness (or right-skewed)
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(b) Symmetrical (normal distribution)
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(c) Negative skewness (or left-skewed)

Figure C.3: Box plots which represent the same distributions of Figure C.2.

Box plot (or box-and-whisker plot)

It is a graphical representation that displays the five-number summary of a variable:

• The highest value (i.e. maximum)

• The quartile Q3 (i.e. 75th percentile)

• The median or quartile Q2 (i.e. 50th percentile)

• The quartile Q1 (i.e. 25th percentile)

• The lowest value (i.e. minimum)

Each box plot has a blue box and two whiskers. On the blue box, there is a red line that repre-

sents the median (or Q2). Likewise, the edges of the box are the 25th and 75th percentiles (i.e. Q1

and Q3, respectively). Therefore, the value of the height of the blue box is the same as the IQR (i.e.

Q3−Q1). As for the whiskers, they extend to the most extreme data points not considered outliers,

whereas the outliers are plotted individually as a cross. In this thesis1, a value is considered as an

outlier if this is larger than Q3 + 1.5 · IQR, or smaller than Q1 − 1.5 · IQR.

Finally, the simplest way to display information on the distribution of a nominal variable is by

using a pie chart (see Figure C.4). At this point, it is important to stress that the frequency tables as

well as the bar and pie charts can contain no response answers, while the boxplots do not so.

Figure C.4: Pie chart that displays the distribution of a nominal variable (i.e. marital status) in a sample.

1 MATLAB R⃝ has been used to display the box plots of this thesis. The formulas of an outlier are those of this software.
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C.3.1.5 Example

Finally, to understand most of the concepts that have been explained, let us use an example. Let

X be a random variable that denotes the number of correct answers in a test with 5 questions. Let

x1, x2, ..., xn be a sample of n = 10 students and vi = 0, 1, 2, 3, 4, 5 the possible values that the

variable X can take. The data obtained are: X = {3, 5, 4, 2, 4, 4, 3, 0, 4, 5}.

First of all, data should be organized. To this end, a frequency table is created (see Table C.6).

vi ni pi Pi

0 1 10% 10%

1 0 0% 10%

2 1 10% 20%

3 2 20% 40%

4 4 40% 80%

5 2 20% 100%

n = 10
∑

pi = 100%

Table C.6: Example – Frequency table.

As seen, the variable is measured with a ratio scale because the distance between the scores is

equal, there is a meaningful and absolute zero and there exists a ratio/proportion (i.e. 4 correct

answers are twice as much as 2 correct answers). Hence, the three measures of central tendency

can be calculated, i.e. mode (Mo), median (Mdn) and mean (x): Mo = 4, Mdn = 4 and x = 3.4.

Next, let us calculate the measures of dispersion, i.e. variance (s2), standard deviation (s), range

(R) and interquartile range (IQR): s2X = 2.266, sX = 1.505, R = 5 - 0 = 5, IQR = 4 - 3 = 1.

From the standard deviation and the IQR, one can conclude that the scores are quite close to

each other. As shown in the bar chart and the box plot of Figure C.5, the distribution is left-skewed.

This means that the mass of the scores is concentrated on the right hand (i.e. high scores). In this

example, such skewness is a positive aspect. Moreover, if the box plot is observed, one can notice

that the student who did not answer any question correctly (i.e. vi = 0) may be considered an out-

lier (i.e. an exceptional case) because she is drawn with a red cross. As a result, this learner could

be removed and then the mean and the standard deviation would be better, since this extreme

value affects both measures.

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Figure C.5: Example – Bar chart and box plot.
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C.3.2 Inferential statistics

As seen in section C.3.1, descriptive statistics only help to organize and describe datasets (e.g. to

display patterns and general trends). In consequence, they do not enable to generalize to the whole

population from a sample, but they only allow to make summations about the individuals that

have really been measured (i.e. the ones that belong to the sample). Obviously, this is a limitation.

If one wants to use the data from a sample in order to infer the parameters of a population,

then inferential statistics are needed. Inferential statistics can be defined as follows:

Inferential statistics

Discipline that encompasses techniques that allow to make inferences, decisions or pre-

dictions about a population based on sampled data.

C.3.2.1 Independent, dependent and extraneous variables

Before starting an experiment, two types of variables must be defined (Powell et al., 2008, p. 52):

• Independent variable: it is the aspect of an experiment that systematically varies across the

different conditions. In other words, the independent variable is what is manipulated by the

researcher in an experiment.

• Dependent variable: it is the aspect of an experiment that is permitted to vary freely to de-

termine if it is affected by changes in the independent variable.

However, other variables, which are not the independent one, could affect the results of the

dependent variable. These variables are known as extraneous or confounding variables. In order

to guarantee that the only variable that affects the dependent variable is the independent one, the

researcher must control the extraneous variables as far as possible.

Let us imagine that a teacher conducted an experiment to check if the learners who take a

mock exam get better final grades at the end of the term. In this example, the independent variable

would be taking a mock exam, while the dependent one would be the impact of the mock exam on

the final grade. One extraneous variable could be the effect of the students who repeat the course.

C.3.2.2 Hypotheses

To draw an inference about the parameters of a population from the sample data, a hypothesis test

should be conducted. This needs to state two mutually exclusive hypotheses about the population:

• Null hypothesis (H0): it states that there is no significant change or difference in the depen-

dent variable as a result of the independent variable. Hence, this means no difference/effect.

• Alternative hypothesis (H1): it is the opposite of the null hypothesis. Hence, it states that

there is a significant change/difference as a result of the independent variable.
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In the above example, the teacher could have two groups: one that took a mock exam (i.e. test

group) and other that did not (i.e. control group). In this case, the null and alternative hypothesis

would be:

H0: There is no difference between the average final grades of the test group and the control

group, i.e. H0 : µmock = µno_mock.

H1: There is significant difference between the average final grades of the test group and the

control group, i.e. H1 : µmock ̸= µno_mock.

C.3.2.3 Deciding between the hypotheses: test statistic, p-value and level of significance

Before explaining how to decide if the null hypothesis has to be rejected in favor of the alternative

hypothesis, it is worth indicating that a graphical example will be used in order to illustrate what

is described below (see Figure C.6).

Once the null and alternative hypotheses are formulated, the next step is to calculate a data

summary from the sample data, called test statistic, which is used to evaluate both hypotheses

(Utts and Heckard, 2011). The choice of the test statistic depends on the hypothesis to be tested

(i.e. if this is based on the mean, median, etc.) and what is known about the population (e.g.

if the population follows a normal distribution) (Leroy, 2011). Therefore, there exist different test

statistics, e.g. Chi-square test, t-tests, Mann-Whitney U test, etc.

After getting the test statistic, this is located in the null distribution, i.e. the distribution of the

test statistic when the null hypothesis is true. In the example of Figure C.6, the null distribution

follows a normal distribution and the test statistic isZstat = 2.56. However, instead of using the test

Figure C.6: Representation of the null distribution of a test statistic together with: the test statistic from

the sample (Zstat), the p-value, the level of significance (α) and the rejection region.
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statistic directly, most statistical software programs, such as SPSS R⃝, Minitab R⃝ or even MATLAB R⃝,

calculate the p-value from the test statistic. This value can be defined as follows:

p-value

It is the probability of observing a test statistic as extreme or more extreme than that

observed if the null hypothesis is true.

(Gallin and Ognibene, 2012)

For a two-sided test like that of the Figure C.6, the p-value is the sum of the area to the right of

the positive test statistic and the area to the left of the negative test statistic (i.e. the dotted areas in

the Figure C.6). In the example, p = 0.0104. When the p-value is calculated, this is compared to a

standard value called level of significance (α):

Level of significance (α)

This is a value chosen by the researcher to be the threshold from which the p-value is

small enough to choose the alternative hypothesis over the null hypothesis (Utts and

Heckard, 2011). In other words, the maximum probability of committing a type I error,

i.e. to reject the null hypothesis, when this is true (Leroy, 2011).

Therefore,

p > α ⇒ H0 cannot be rejected (i.e. there is no enough evidence to reject the null hypothesis)

p ≤ α ⇒ H0 is rejected and H1 is accepted (i.e. the result is statistically significant)

Typical values of α are 0.05 and 0.01. In this thesis, α = 0.05. Hence, by definition of p and

α, if p ≤ 0.05 (i.e. α = 0.05), then there is only a 5% chance that the hypothesis null is incorrectly

rejected, i.e. to make a type I error. In other words, at 5% level of significance (i.e. 95% confidence),

the data provide enough evidence to reject H0. In the example of Figure C.6, the chosen level of

significance (α) is the sum of the colored areas. As it can be observed, p < α, then H0 is rejected.

Lastly, as there are different inferential statistics tests, the rest of the appendix will only focus on

the ones that have been used in this thesis (non-parametric due to the use of Likert-type scales):

.

• Kendall’s coefficient of concordance

• Spearman’s rank correlation coefficient

• Mann-Whitney U test

These three statistics test were calculated by using the statistical program SPSS R⃝.
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C.3.2.4 Kendall’s coefficient of concordance

This is a non-parametric statistic, also known as Kendall’s W , which measures the degree of agree-

ment between raters when they are asked to rank a list of items. In other words, Kendall’s W mea-

sures the degree of similarity between k sets of ranks given to a same set of objects.

Assumptions of Kendall’s W

• Variables are measured on an ordinal, interval or ratio scale.

• Variables do not need to be normally distributed.

To calculate Kendall’s W , when there is no ties2, the following formula should be used:

W =

12
k∑

i=1

R
2

i − 3k(k + 1)2

k(k2 − 1)
(C.3)

where k is the number of items to be evaluated and R is the average of the ranks obtained by

each item.

Kendall’s W ranges from 0 to 1. The value 1 refers to the complete agreement between the

raters, whereas the value 0 indicates that there is no overall trend of agreement. According to

Schmidt (1997), the value of W can be interpreted as follows:



0 ≤ W < 0.1 No agreement

0.1 ≤ W < 0.3 Very weak agreement

0.3 ≤ W < 0.5 Weak agreement

0.5 ≤ W < 0.7 Moderate agreement

0.7 ≤ W < 0.9 Strong agreement

0.9 ≤ W ≤ 1 Unusually strong agreement

Besides W , the p-value should also be calculated to know if the value of W is significant. If W

is significant, then it is possible to make an inference from the sample to the population that the

sample represents. In this regard, the null and alternative hypotheses are:

H0: There is no agreement among raters, i.e. W = 0, where W is the Kendall’s coefficient of

concordance.

H1: There is agreement among raters, i.e. W > 0, where W is the Kendall’s coefficient of

concordance

Therefore, if the Kendall’s coefficient is statistically significant (p ≤ 0.05), then the null hypoth-

esis can be rejected and, consequently, it can be concluded that there is significant agreement

among the raters/judges.

2 Ties: one judge rates two or more items with the same score.
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Courses
Students

Ri
1 2 3 4 5 6 7 8 9 10

Maths 5 5 5 4 5 1 5 4 5 5 4.4

English 2 2 2 2 3 4 2 2 2 2 2.3

Foreign Language 3 1 3 3 2 5 3 3 3 3 2.9

Science 4 4 4 5 4 2 4 5 4 4 4

Art 1 3 1 1 1 3 1 1 1 1 1.4

Table C.7: Example of Kendall’s W – Data.

In order to understand how to use the previous formula, let us image an example: the study

of the agreement (concordance) between 10 students regarding their favorite subjects (see Table

C.7). The ranks went from 1 (the most) to 5 (the least). Next, the formula C.3 is used, being k = 5:

W =

12
k∑

i=1

R
2

i − 3k(k + 1)2

k(k2 − 1)
=

12(4.42 + 2.32 + 2.92 + 42 + 1.42)− 3 · 5(5 + 1)2

5(5 + 1)2
=

=
12 · 51.02− 3 · 5 · 36

5 · 24
=

612.24− 540

120
= 0.602 (C.4)

In this example, p = 0. Hence, W is statistically significant and there is a moderate agreement.

Kendall’s W in this thesis

This statistic was used to assess the degree of agreement among teachers when they had

ranked several items. In this regard, the term rank means that one instructor could not

use the same score for two or more different items. Therefore, ties were not allowed.

C.3.2.5 Spearman’s rank correlation coefficient

This is a non-parametric version of Pearson’s correlation. Spearman’s correlation measures the

strength and direction of association that exists between two ranked variables (i.e. ordinal, interval

or ratio). This does not indicate a cause-effect relationship, but it only points out that the two

variables are related somehow.

Assumptions of Spearman’s correlation

• Variables are measured on an ordinal, interval or ratio scale.

• Variables do not need to be normally distributed.

• The type of relationship that it measures is monotonic.
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To run this measure, it is first needed to convert the values of the variables into ranks. Next,

there are two possible formulas depending on whether data have or do not have tied ranks3:

ρ =



∑
i
(xi−x)(yi−y)√∑

i
(xi−x)2

∑
i
(yi−y)2

if data have tied ranks

1− 6
∑

d2

n(n2−1) if data do not have tied ranks

(C.5)

where x and y are the ranks of the individual for each variable, respectively; x and y are the

average of the ranks; n is the number of individuals; d is the difference between the paired ranks.

As for ρ, this takes a value between -1 and 1. According to Cronk (2004), this value can be

interpreted as follows: 
ρ = 0 No correlation

0 < |ρ| < 0.3 Weak correlation

0.3 ≤ |ρ| < 0.7 Moderate correlation

0.7 ≤ |ρ| ≤ 1 Strong correlation

If the sign is positive, this means that when one variable increases, the other also increases. By

contrast, if the sign is negative, then when one variable increases, the other decreases.

In addition to the coefficient ρ, it is needed to calculate the p-value in order to know if the value

of ρ is significant. If ρ is significant, then it is possible to make an inference from the sample to the

population that the sample represents. In this regard, the null and alternative hypotheses are:

H0: There is no association between the two variables in the population, i.e. ρ = 0, where ρ is

the Spearman’s population correlation coefficient.

H1: There is association between the two variables in the population, i.e. ρ ̸= 0, where ρ is the

Spearman’s population correlation coefficient.

Therefore, if the correlation coefficient is statistically significant (p ≤ 0.05), then the null hy-

pothesis can be rejected and it can be concluded that there exists an association between the two

variables in the population.

Finally, an example is provided in order to explain how this measure works. Let us imagine that

10 undergraduates took a pre-test before taking an English course. For these students, the teacher

has two variables: students’ pre-test grade and the level of English that they obtained at the end of

the higher school (see Table C.8). The teacher wants to know if there exists an association between

both variables.

First of all, the two variables have to be ranked. Next, it is needed to decide which of the two

formulas of the equation C.5 will be used. To know it, one should check if there are tied ranks or

not. As shown in Table C.8, there are tied ranks, e.g. students 1 and 6 share the rank 1.5 for the first

variable (i.e. pre-test grade). Thus, the first formula of the equation C.5 has to be used:

3 Tied ranks or ties: observations with the same value.
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Student Pre-test grade (i) 1 Level of English (j)2 xi yj (xi − x) (yj − y)

1 D (2) Beginner (1) 1.5 1.5 -4 -4

2 C (3) Intermediate (2) 3.5 4.5 -2 -1

3 B (4) Advanced (3) 6 8.5 0.5 3

4 A (5) Intermediate (2) 9 4.5 3.5 -1

5 A (5) Advanced (3) 9 8.5 3.5 3

6 D (2) Beginner (1) 1.5 1.5 -4 -4

7 B (4) Intermediate (2) 6 4.5 0.5 -1

8 C (3) Intermediate (2) 3.5 4.5 -2 -1

9 A (5) Advanced (3) 9 8.5 3.5 3

10 B (4) Advanced (3) 6 8.5 0.5 3

x = 5.5 y = 5.5

1 The grade of the pre-test can take the values A (=5), B (=4), C (=3), D (=2) and E (=1).
2 Level of English can take the values Beginner (=1), Intermediate (=2) and Advanced (=3)

Table C.8: Example of Spearman’s correlation.

ρ =

∑
i

(xi − x)(yi − y)√∑
i

(xi − x)2
∑
i

(yi − y)2
=

16 + 2 + 1.5− 3.5 + 10.5 + 16− 0.5 + 2 + 10.5 + 1.5√
77.5 · 72

=

=
56√
5580

=
56

74.7
= 0.7496 = 0.75 (C.6)

From the value of ρ, it is possible to conclude that there exists a strong positive association

between both variables. Moreover, if the value of ρ (i.e. 0.75) is looked up on the Spearman’s

significance table, then one can see that the correlation is statistically significant (p = 0.013).

C.3.2.6 Mann-Whitney U test

This is one of the most powerful non-parametric tests for comparing two independent groups. It

is the non-parametric alternative to the unpaired t-test.

Assumptions of Mann-Whitney U test

• The dependent variable is either ordinal, interval or ratio.

• Samples do not need to be normally distributed.

• Random samples from the populations.

• The two samples are statistically independent.
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The Mann-Whitney U test (hereafter MW test) is based on the median and has the following

null and alternative hypotheses:

H0: The two samples come from the same population, i.e. MdnX = MdnY .

H1: The two samples come from different populations, i.e. MdnX ̸= MdnY .

This test consists of the following steps:

1. Combine the data from the two samples into one.

2. Rank the combined sample in increasing order. Ties must be corrected. To do this, they are

assigned the average rank of the tied observations.

3. Calculate W1, also known as Wilcoxon value, which is the sum of the ranks of the first sample.

4. Calculate U for the first sample, i.e. U1:

U1 = W1 −
n(n+ 1)

2
(C.7)

5. Calculate U for the second sample (i.e. U2) from the formula:

U2 = n ·m− U1 (C.8)

6. Determine U statistic. Its calculation depends on the size of the samples:

• Small samples (approx. n < 20)

U = min(U1, U2) (C.9)

• Large samples (approx. n ≥ 20), U approaches a normal distribution:

Z =
U − n·m

2√
m·n·(m+n+1)

12

(C.10)

7. Determine if the null hypothesis can be rejected or not.

• Small samples (approx. n < 20): compare the obtained U with the critical U of the table

of the Mann-Whitney U test. If the obtained U is smaller than the critical U , then the

null hypothesis can be rejected.

• Large samples (approx. n ≥ 20): the null hypothesis can be tested by a Z-test, i.e. the

p-value is found by using the normal distribution table.

In order to explain how MW test is calculated, the following example will be used: let us sup-

pose that a researcher has a sample X of n individuals/observations, i.e. X = {x1, x2, . . . , xn},

and another sample Y of m individuals, i.e. Y = {y1, y2, . . . , ym}. In this example, X is a group in

which all the members have studied by using books, whereas Y is a group that is exclusively made
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up of learners who have studied by using a laptop. The students from both groups have the same

age and belong to the same school. For this experiment, the grade of a Mathematics test has been

measured (see Table C.9). Therefore, the research question is: is there a statistically significant

difference between both groups regarding their grades in the test?.

Group
Students

1 2 3 4 5 6 7 8

Book group (B) 1 5 2 4 3 4 1 2

Laptop group (L) 2 5 3 4 1 3 3 4

Table C.9: Example of Mann-Whitney U test – Data.

As said previously, the values of the individuals from the two samples should first be combined

into one and then ranked in increasing order by taking the ties into consideration.

Group B B L B B L B L L L B B L L B L

Grade 1 1 1 2 2 2 3 3 3 3 4 4 4 4 5 5

Rank 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Rank for ties 2 2 2 5 5 5 8.5 8.5 8.5 8.5 12.5 12.5 12.5 12.5 15.5 15.5

Table C.10: Example of Mann-Whitney U test – Combination and ranking.

Next, the sum of the ranks of the first sample (i.e. the book group) should be calculated, i.e. W1:

W1 = 2 + 2 + 5 + 5 + 8.5 + 12.5 + 12.5 + 15.5 = 63 (C.11)

Now, U is calculated from U1 and U2. In this example, the normal approximation cannot be

used, because the size of the samples is smaller than 20:

U1 = W1 −
n(n+ 1)

2
= 63− 8 · (8 + 1)

2
= 63− 36 = 27 (C.12)

U2 = (n ·m)− U1 = (8 · 8)− 27 = 37 (C.13)

U = min(U1, U2) = min(27, 37) = 27 (C.14)

When the table of critical values of the MW test is used, the obtained U (i.e. 27) is bigger than

the critical values of the table for n = m = 8, i.e. p0.05 = 13 and p0.01 = 7. Therefore, the null

hypothesis cannot be rejected. This means that there is not enough evidence to state that there is

a significant difference in the grades of the Mathematics test between the students who use books

and those who use laptops. In other words, according to the sample used in the MW test, both

methods (i.e. books and laptops) lead the students to obtain similar grades.
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Mann-Whitney U test in this thesis

In the present thesis, the Mann-Whitney U test was used to detect if there existed dis-

agreement between two groups on a specific issue, being the independent variable the

membership of a group and the dependent variable the opinion on the matter. Hence:

H0 : The two groups have similar opinion.

H1 : The two groups have different opinion.

If the null hypothesis could not be rejected, then the analysis of the two groups was con-

ducted as if they were a single group. Otherwise, each group was analyzed individually in

order to understand why they had different opinions.

Due to the idiosyncrasy of this research, it was desirable that the two groups of each test

had the same opinion, since this meant that the opinion was the same regardless of the

subject, the teacher, the classmates, the topic that was dealt with, etc. In other words, the

more identical the opinion was, the more generalizable the results of the questionnaire

were.



D AdVisor 0.0:

questionnaire and results

This appendix contains the questionnaire used in the prototype AdVisor 0.0 as well as an exhaus-

tive analysis of the responses collected. More specifically, the sections of this appendix are:

• Questionnaire (see section D.1)

• Results (see section D.2)

205
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D.1 Questionnaire

All the questions with this symbol [*] were mandatory.

Section A – Respondent’s profile

1. [∗] Gender

• Man • Woman

2. [∗] Age

• 17-20 • 36-40

• 21-25 • 41-45

• 26-30 • 46-50

• 31-35 • Older than 50

Section B – Respondent’s study habits

3. [∗] Where do you usually study? (Select all that apply)

• Home • Workplace

• Public transport • Library

• Other. Which? ___________

4. [∗] When do you usually study?

• Weekdays • On the weekend • Indistinctly, both weekdays and at the weekend

5. [∗] How often do you study per week?

• About 1 or 2 days per week item • About 3 or 4 days per week

• About 5 or 6 days per week • Daily

6. [∗] How long are your study sessions?

• Less than 1 hour [0h,1h)

• Between an hour and two hours [1h,2h)

• Between an two hours and two hours and a half [2h,2:30h)

• Between two hours and a half and three hours [2:30h,3h)

• Between an three hours and three hours and a half [3h,3:30h)

• Between an three hours and a half and four hours [3:30,4h)

• 4 or more hours [4h,∞)
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7. [∗] How often do you increase your study hours just before the CAAs’ deadline?

1 - Never 2 - Rarely 3 - Sometimes 4 - Usually 5 - Always

8. Related to the previous question, why do you do it like this?

Section C – Support for the guidance through the course

9. [∗] How useful did you find having the course divided into sessions?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful

10. [∗] How did you find the balance between the real and the estimated workload of a session?

1 - The sessions were underloaded (i.e. real_workload<estimated_workload)

2 - Well-balanced (i.e. real_workload=estimated_workload)

3 - The sessions were overloaded (i.e. real_workload>estimated_workload)

11. [∗] In your opinion, how long should the workload of a session last?

• 30 minutes • 1 hour • 1 hour and a half

• 2 hours • 2 hours and a half • 3 hours

• 3 hours and a half • 4 hours • More than 4 hours

Section D – Self-awareness

12. [∗] Rate the dashboard on a scale of 1-5, with 1 being very poor and 5 being very good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good

13. If you have any suggestions, comments, etc. about the dashboard, please let us know below.

Section E – Self-regulation

14. [∗] To what extent did AdVisor help you to self-regulate your learning process?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

Section F – Multiple views

15. [∗] Which type of navigation/view did you find more useful?

• The one based on the table of contents • The one based on the schedule

• Indistinctly • No response
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16. [∗] Rate the workspace as a whole on a scale of 1-5, with 1 being very poor and 5 being very

good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good

17. If you have any suggestions, comments, etc. about the workspace, please let us know below.

Section G – Usability

18. [∗] How usable did you find the double navigation?

1 - Not at all usable 2 - Not very usable 3 - Neither usable nor unusable

4 - Usable 5 - Very usable

19. [∗] Which manner of displaying a resource do you think is the best one?

• Lightbox • New tab

• New window • Embedded in the workspace

• Other. Which? ___________

• No response

Section H – Future improvements and suggestions

20. [∗] Choose the elements which you think that they should be improved or added: (Select all

that apply)

• Multimedia resources • Schedule

• Information about assessment • Forums

• Other. Which? ___________

21. If you have any suggestions, comments, etc. about any aspect of the platform that you find

important, please let us know below.
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D.2 Results

Next, the results of the questionnaire are shown and analyzed in detail. At this point, it is important

to stress that the frequency tables as well as the bar and pie charts contain no response answers,

while the box plots do not. Likewise, this section does not include the comments made by the

teachers during the test. These are presented in Chapter 5 (see section 5.2.5).

D.2.1 Response rate

At the end of the evaluation of the second test (i.e. on August 8, 2010), 47 of 226 learners had filled

out the questionnaire (see Table D.1). This meant a response rate of 20.8%. Given that the use of

AdVisor was voluntary, this figure could be considered good. More specifically, the response rate

for Mathematics II was 17% (25 of 147 students), while Signals and Systems got 27.8% (22 of 79).

D.2.2 Respondents’ profile

As shown in Table D.1, 89.4% of the respondents were men, a typical proportion in Engineering

courses (Hill and Corbett, 2010). Moreover, 66% of the respondents were over 30 years old (see

Figure D.1). The remainder 34% were divided into two age ranges: 21-25 (8.5%) and 26-30 (25.5%).

Hence, over 91% were older than 25 years old. This result matches the average age of the archetype

of online student which was defined by Gilbert (2000) (see section 2.4.1.1).

Course Mathematics II (.008) Signals and Systems (.011) Total

Number of

students in

the tests

S-D 2009 89 31 120

F-J 2010 58 48 106

Total 147 79 226

Number of

respondents

#Male 22 20 42 (89.4%)

#Female 3 2 5 (10.6%)

Total 25 (17%) 22 (27.8%) 47 (20.8%)

Table D.1: AdVisor 0.0 – Breakdown of the participants.

vi ni pi Pi

17-20 0 0% 0%

21-25 4 8.5% 8.5%

26-30 12 25.5% 34%

31-35 14 29.8% 63.8%

36-40 10 21.3% 85.1%

41-45 5 10.6% 95.7%

46-50 1 2.1% 97.8%

Older than 50 1 2.1% 100%

n = 47
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure D.1: AdVisor 0.0 – Respondents’ age ranges.
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D.2.3 Reliability of the results

It was needed to be cautious about the significance of the results obtained from the questionnaire.

The main reason was that the use of AdVisor 0.0 had been voluntary and, consequently, most of

the respondents did not use AdVisor 0.0 all the time. This meant that the responses, despite being

useful, may have been based on an incomplete vision of the platform.

Likewise, although the response rate was acceptable and over 91% of the respondents were

older than 25 (i.e. the average age of online students according to Gilbert (2000)), the sample was

biased because, as said, all the individuals belonged to Engineering courses and 89.4% were men.

In short, the responses collected from this questionnaire could not be generalized to all online

learners. Hence, the results only allowed to extract some trends of online students’ opinions of

the recommendations suggested in this work, rather than definitive conclusions.

D.2.4 Respondents’ study habits

In order to improve the design of the courses and the learning tools so that they could adapt better

to online learners, the respondents were asked about their study habits.

The first question asked about the place where they usually studied (multiple responses were

permitted). As shown in Table D.2, 46 of 47 respondents (97.9%) usually studied at home. Among

them, 34 (72.3%) only studied at home. Moreover, the only person who did not study at home

studied at the workplace. This finding was really significant because it meant the option home

stood out as preferred place to study. The rest of options were ranked as follows: workplace (17%),

library (6.4%), public transport (4.3%) and other (i.e. private academy, 2.1%). As a result, one

could imagine what respondents’ study place looked like: a dedicated study room with a desk, a

comfortable chair, a computer/laptop/tablet (instead of a smartphone) and Internet access.

The respondents were also asked which type of day they preferred to study: weekdays, week-

end or indistinctly. A priori, one could believe that the respondents, as online learners that they

were, would have studied on the weekend, since many of them were workers and had less time on

weekdays. However, 70.2% studied any day indistinctly (see Figure D.2).

Likewise, they were asked how often they studied each week (see Figure D.3). The most chosen

option was about 3 or 4 days per week (38.3%, median), followed by 5-6 days (29.8%). Hence, the

respondents had a constant studying pace, i.e. around 4.5 days per week.

Study place Home Workplace Library Public transport Other Total

Home 341 7 3 2 12 46 (97.9%)3

No home - 1 - - - 1

Total 34 (72.3%) 8 (17%) 3 (6.4%) 2 (4.3%) 1 (2.1%) 47

1 34 people chose home as the only option.
2 The respondent indicated that the other study place was a private academy.
3 12 people chose another option in addition to home. One of them checked two: public transport and library.

Table D.2: AdVisor 0.0 – Respondents’ preferred study place.
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vi ni pi Pi

Weekdays 7 14.9% 14.9%

Weekend 7 14.9% 29.8%

Indistinctly 33 70.2% 100%

n = 47
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure D.2: AdVisor 0.0 – Respondents’ preferred type of day to study.

vi ni pi Pi

1 - About 1 or 2 days 10 21.3% 21.3%

2 - About 3 or 4 days 18 38.3% 59.6%

3 - About 5 or 6 days 14 29.8% 89.4%

4 - Daily 5 10.6% 100%

n = 47
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.3: AdVisor 0.0 – How often the respondents studied each week.
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Likewise, 34% of those questioned answered that their study sessions lasted 1-2 hours, while

25.5% said they studied in sessions of 2 hours to 2 hours and a half (see Figure D.4). Therefore, the

average duration would be about 1 hour and 45 minutes.

The last question about the study habits asked: “how often do you increase your study hours

just before the continuous assessment assignments’ (CAAs) deadline?”. From the responses re-

ceived, it may be concluded: 42.6% of the respondents usually or always studied much more when

the CAAs’ deadline was close. As evidenced by the bar chart of Figure D.5 (where the distribution

is slightly left-skewed) and the mode (4, usually, 29.8%), there was a trend toward this study strat-

egy. According to some comments from the respondents, they usually study like this because of

the lack of time and the necessity of not forgetting any concept while solving a CAA. However, this

study strategy also causes undesirable behaviors as a remark revealed: “by studying how to solve

the exercises of the CAAs, I learn and, what is more, I pass the course. The best method is learning

by doing past CAAs”. Such a study strategy may lead a lot of learners not to follow a constant study

pace and only study when the CAAs’ deadline is close. Actually, a Spearman’s correlation was run

to determine the relationship between how often the 47 respondents increased their study hours

just before the CAAs’ deadline and the number of days per week that they usually studied. The re-

sult indicated that there was a moderate negative correlation between both variables (ρ = −0.324),

which was statistically significant (p = 0.026). Therefore, it seemed that there was some evidence

to say that the more a learner increased her study time just before the CAAs’ deadline, the less

days she studied each week (or the less constant her study pace was).

As seen, CAAs may be a double-edged sword. On the one hand, they force learners to study

the most important concepts prior to the validation tests and exams, but, on the other, a study

method focused on the CAAs may lead some students not to learn all the concepts of a course, but

only those that are necessary to pass the CAAs. Hence, because the main goal of any course should

be that students acquire all the competences, both teachers and learning tools should encourage

learners to follow a constant studying pace apart from doing mandatory assignments.

From the previous analysis, the respondents’ study strategy can be characterized as follows:

Study strategy of the respondents

• Preferred study place: home

• Preferred days to study: indistinctly, i.e. both weekdays and on the weekend

• Number of days per week in which the learner studies: about 4.5 days

• Average duration of a study session: 1 hour and 45 minutes

• They often study much more when the CAAs’ deadline is close
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vi ni pi Pi

<1 hour 0 0% 0%

[1h,2h) 16 34% 34%

[2h,2:30h) 12 25.5% 59.6%

[2:30h,3h) 3 6.4% 66%

[3h,3:30h) 9 19.1% 85.1%

[3:30,4h) 4 8.5% 93.6%

[4h,∞) 3 6.4% 100%

n = 47
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure D.4: AdVisor 0.0 – Average duration of the respondents’ study session.

vi ni pi Pi

1 - Never 6 12.8% 12.8%

2 - Rarely 8 17% 29.8%

3 - Sometimes 13 27.7% 57.4%

4 - Usually 14 29.8% 87.2%

5 - Always 6 12.8% 100%

n = 47
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.5: AdVisor 0.0 – How often the respondents increase their study hours just before the CAAs’ dead-

line.
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D.2.5 To guide students through the course (recommendation B)

The principal element related to this recommendation was the session. In this regard, the respon-

dents were first asked about the usefulness of having the course divided into sessions. According

to the result of the Mann-Whitney U test (MW test), there was no evidence that supported that

the two groups (i.e. Mathematics II and Signals and Systems) had different opinions of this item

(U = 261, Z = −.072, p = .942). For that reason, the scores of both groups were analyzed together.

As displayed in Figure D.6, 47.8% found sessions very useful (5, mode) and 39.1% considered them

useful (4, median). This meant that 86.9% thought that the sessions were helpful. Actually, ac-

cording to the box plot of Figure D.6, this result could have been considered better, since the re-

spondents who rated it 1 (not at all useful, 4.3%) or 2 (not very useful, 2.2%) were outliers. Thus, it

may be concluded that the organization based on sessions was really useful to the respondents.

Although the sessions were similar to the short weekly guides of the UOC, these implied new

tasks. For instance, the lecturers who participated in the test had to suggest an estimated dura-

tion/workload for each of the session as well as the ideal sequence of activities to follow, among

other things. Due to this, one of the questions that arose was if the real workload of the session

matched the estimated one (see Figure D.7). The two groups which participated in the test had

similar opinions of this issue (MW test: U = 216, Z = −.131, p = .896). Specifically, 61.9% thought

that the estimated workloads corresponded to the real ones. However, 26.2% believed that the

sessions were overloaded. Finally, only 11.9% expressed that these were underloaded.

The fact that 26.2% found the sessions overloaded led us to think that the number of activities

may have been very large and/or the estimated workloads may have been calculated at a guess.

In any case, this was a proof that the teachers might have needed some kind of help when defining

sessions.

vi ni pi p∗i Pi

1 - Not at all useful 2 4.3% 4.3% 4.3%

2 - Not very useful 1 2.1% 2.2% 6.5%

3 - Neither useful nor useless 3 6.4% 6.5% 13%

4 - Useful 18 38.3% 39.1% 52.2%

5 - Very useful 22 46.8% 47.8% 100%

No response 1 2.1%

n = 47
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.6: AdVisor 0.0 – Usefulness of having the course divided into sessions.
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vi ni pi p∗i Pi

1 - Underloaded (real_workload<estimated_workload) 5 10.6% 11.9% 11.9%

2 - Well-balanced (real_workload=estimated_workload) 26 55.3% 61.9% 73.8%

3 - Overloaded (real_workload>estimated_workload) 11 23.4% 26.2% 100%

No response 5 10.6%

n = 47
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.7: AdVisor 0.0 – Balance between the real and the estimated workloads of a session.

Related to the previous question, it was asked how long a session should last (see Figure D.8).

31.9% considered that 1 hour would be the optimal duration/workload. Likewise, 21.3% and 19.1%

chose 1:30 and 2 hours, respectively. In accordance with 72.3% of the respondents, the optimal

workload of a session would be between 1 and 2 hours . This range accorded closely with the

average duration of the respondents’ study sessions (i.e. 1 hour and 45 minutes, see section D.2.4).

Lastly, some learners said that the platform had made them feel a little stressed, since they had

not sometimes been able to adapt their paces to AdVisor’s one. To overcome this problem in next

tests, it would be essential to stress that the studying pace proposed by AdVisor is only a suggestion

and, therefore, following it is optional.

As the organization based on sessions had been found useful by most of the respondents, it

was concluded that recommendation B seemed to be suitable. However, some aspects, such as

the balance between the estimated workload and the actual one, would have to be improved.

vi ni pi Pi

30 minutes 5 10.6% 10.6%

1 hour 15 31.9% 42.6%

1:30 10 21.3% 63.8%

2 hours 9 19.1% 83%

2:30h 1 2.1% 85.1%

3 hours 4 8.5% 93.6%

3:30 1 2.1% 95.7%

4 hours 0 0% 95.7%

> 4 hours 2 4.3% 100%

n = 47
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure D.8: AdVisor 0.0 – Ideal workload of the sessions according to the respondents.
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D.2.6 To provide self-awareness (recommendation C)

In order to evaluate the suitability of recommendation C , AdVisor 0.0 used a dashboard, which

displayed personalized information on the learning progress to each individual student.

The questionnaire asked the respondents to evaluate AdVisor 0.0’s dashboard by using a 5-

point Likert scale. Both groups (i.e. Mathematics II and Signals and Systems II) were in agreement

about this item (MW test: U = 229, Z = −.334, p = .738). As shown in Figure D.9, 50% found it

good (4, mode and median) and 34.1% rated it 3 (fair). Moreover, as displayed in the bar chart,

the distribution was left-skewed. In fact, only 6.8% chose the option 1 (very poor, 4.5%) or 2 (poor,

2.3%). The evaluation of the dashboard was even better because the learners who checked the

option very poor (score = 1) could have been considered outliers (see Figure D.9c).

Besides the scores of the Likert-type question, some comments supported the good evaluation

of the dashboard. Some examples are: “it has been really useful”, “it helps to follow the studying

pace of the subject”, “it is quite useful and friendly”, “if it were used well, it could be very useful”,

“it is very intuitive”, “it is right and enlightening”, “you know how you are compared to the course

at a glance, it is perfect”. Nonetheless, some complaints and improvements were written too, e.g.

“I think that some information is missing”, “I thought that it was not useful because it does not

indicate what activities with finish date prior to the current date have not been complete yet”.

As seen, the results implied a large number of the respondents wanted to have personalized

data about their learning progress. Therefore, recommendation C seemed to be appropriate for

online education. Furthermore, the dashboard seemed to be a good way to help students to be

aware of their own learning processes at a glance. Hence, this would have to be in AdVisor 1.0.

vi ni pi p∗i Pi

1 - Very poor/Insufficient 2 4.3% 4.5% 4.5%

2 - Poor 1 2.1% 2.3% 6.8%

3 - Fair 15 31.9% 34.1% 40.9%

4 - Good 22 46.8% 50% 90.9%

5 - Very good 4 8.5% 9.1% 100%

No response 3 6.4%

n = 47
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.9: AdVisor 0.0 – Overall evaluation of the dashboard.
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D.2.7 To provide tools that help students to be self-regulated (rec. B and C)

Recommendations B and C share an objective: to help students to be self-regulated. Therefore,

regarding AdVisor 0.0, it would be to be expected that the usefulness of the session and that of the

dashboard were correlated, i.e. if one is found useful, then the other should be considered equally

useful. To know how these two items were correlated, Spearman’s correlation coefficient was run.

The result showed a highly statistically significant (p = .006) and moderate correlation (ρ = .411).

Thus, there was some evidence that those learners who found the session useful also rated the

dashboard positively. In other words, it seemed that the guidance through the course and the

self-awareness went hand in hand somehow. Several comments confirmed this fact: “[AdVisor

0.0] is a very useful tool, even if you do not adapt to the proposed schedule, because you can be

aware of the workload”, “it has been essential to follow the course pace, I cannot imagine this

subject without this tool”, “[AdVisor 0.0] is a tool that is useful as a schedule and task planner”, etc.

In addition to the session and the dashboard, AdVisor 0.0 had other items that tried to help

students to be self-regulated, such as the Gantt and the option that enabled to mark an activity

as complete (see section 5.2.2.3). To evaluate all these features as a whole, the next question was

asked: “to what extent did AdVisor help you to self-regulate your learning process?” (see Figure

D.10). The two classes had similar opinions (MW test: U = 199.5, Z = −.551, p = .581). In this

regard, the option normal (3, 38.1%) was the mode and the median. However, 40.5% thought that

AdVisor had helped them in a significant way (score = 4 and 5), which was a high figure since: (1)

the learners who rated 1 (nothing, 9.5%) could have been considered outliers (see Figure D.10c)

and, (2) the optional use of AdVisor might have implied that some respondents did not realize the

possibilities that the platform provided to regulate the learning process. Anyway, AdVisor 0.0 had

apparently helped the students to self-regulate their learning process.

vi ni pi p∗i Pi

1 - Nothing 4 8.5% 9.5% 9.5%

2 - Little 5 10.6% 11.9% 21.4%

3 - Normal 16 34% 38.1% 59.5%

4 - Quite a lot 12 25.5% 28.6% 88.1%

5 - A great deal 5 10.6% 11.9% 100%

No response 5 10.6%

n = 47
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.10: AdVisor 0.0 – To what extent AdVisor helped students to self-regulate their learning process.
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D.2.8 To provide multiple views of the course (recommendation G)

AdVisor 0.0 proposed a new classroom by means of its workspace. This was characterized by the

provision of two views of the same course simultaneously: (1) the table of contents (TOC), and (2)

the schedule. As it can be read below, the workspace gained acceptance among the respondents.

First, the respondents assessed the workspace on a 5-point Likert scale (see Figure D.11). Ac-

cording to the MW test (U = 205, Z = −1.173, p = .241), there was not evidence that allowed to

state that both groups had different opinion. 66.7% found the workspace good (4, 48.9%, mode

and median) or very good (5, 17.8%). Consequently, the distribution was left-skewed, being only

8.9% of the responses equal to 1 (very poor, 4.4%) and 2 (poor, 4.4%). This result was better than

it seemed, because those who rated it 1 (very poor) could have been labeled as outliers. In conclu-

sion, the evaluation of the workspace was very good.

Likewise, it was interesting to know which type of navigation/view was found more useful (see

Figure D.12). In this regard, the most chosen answer was equally useful (38.5%), followed by the

navigation based on the Gantt chart/schedule (33.3%) and the one based on the TOC (28.2%). This

similarity between the two views indicated that they both had to stay in the platform.

Given that the results of the workspace (i.e. multiple views) were positive, it could be con-

cluded that the recommendation G made sense. Thenceforth, the future prototypes of AdVisor

would have to focus on the provision of different perspectives of the same course in order that the

platform could better adapt to the students’ preferences and needs. Actually, some comments de-

manded to include more views. The most requested view was one that included the continuous

assessment assignments (CAAs). The reason for that was described in section D.2.4, i.e. a lot of

respondents organized their study time depending on the CAAs’ deadline.

vi ni pi p∗i Pi

1 - Very poor/Insufficient 2 4.3% 4.4% 4.4%

2 - Poor 2 4.3% 4.4% 8.9%

3 - Fair 11 23.4% 24.4% 33.3%

4 - Good 22 46.8% 48.9% 82.2%

5 - Very good 8 17% 17.8% 100%

No response 2 4.3%

n = 47
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.11: AdVisor 0.0 – Overall evaluation of the workspace.
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vi ni pi p∗
i Pi

TOC 11 23.4% 28.2% 28.2%

Gantt chart/
13 27.7% 33.3% 61.5%

Schedule

Equally useful 15 31.9% 38.5% 100%

No response 8 17%

n = 47
∑

pi = 100%
∑

p∗
i = 100%

(a) Frequency table (b) Pie chart

Figure D.12: AdVisor 0.0 – Which type of navigation/view the respondents found more useful.

D.2.9 Usability (recommendations I-M)

In this test, the recommendations I-M were evaluated globally. In this regard, as the students were

in the workspace most of the time, they were asked to rate the usability of the double navigation on

a scale from 1 (not at all usable) to 5 (very usable). The two groups shared opinion (MW test: U =

196, Z = −1.780, p = .075). As shown in Figure D.13, 38.3% found it usable (4, mode and median).

Likewise, 31.9% thought the platform was neither usable nor unusable (score = 3), while 25.5%

very usable (score = 5). Hence, 95.7% of the respondents rated it 3 (neither usable nor unusable)

or higher. Consequently, the distribution of the scores was clearly left-skewed (see Figure D.13c).

In fact, only 4.3% found the double navigation unusable (score = 1).

Considering the workspace was quite different to the UOC’s classroom, it could be concluded

that the evaluation of the usability of the double navigation was really good.

vi ni pi Pi

1 - Not at all usable 2 4.3% 4.3%

2 - Not very usable 0 0% 4.3%

3 - Neither usable nor unusable 15 31.9% 36.2 %

4 - Usable 18 38.3% 74.5%

5 - Very usable 12 25.5% 100%

n = 47
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure D.13: AdVisor 0.0 – Evaluation of the usability of the double navigation.
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vi ni pi p∗
i Pi

Lightbox 15 31.9% 38.5% 38.5%

New tab 9 19.1% 23.1% 61.5%

New window 9 19.1% 23.1% 84.6%

Embedded 5 10.6% 12.8% 97.4%

Other 1 2.1% 2.6% 100%

No response 8 17%

n = 47
∑

pi = 100%
∑

p∗
i = 100%

(a) Frequency table (b) Pie chart

Figure D.14: AdVisor 0.0 – Preferred way to display activities.

Likewise, the questionnaire also included a question that attempted to check if the lightbox

was the best way to display the activities or the respondents preferred another one (see Figure

D.14). According to the respondents’ opinion, the preferred way was the lightbox with 38.5% of

the responses. Next, opening activities either in a new browser tab or in a new browser window

were considered the best options by 23.1% each. 12.8% said that the activities could be shown

just below the navigation area, i.e. embedded in the interface of the workspace. Finally, only one

person marked the option other and suggested showing the activity both in a lightbox and in a

new browser tab. Her reason was that if someone wanted to open two activities simultaneously,

this was impossible (or less practical) with lightboxes.

Despite the fact that the ligthbox was the first option, it was considered that opening a new

tab or a new window were very similar options (actually, this often depends on the web browser).

As a result, their percentages were put together and the resultant value was 46.2%. As observed,

this new percentage was higher than that of the lightbox. This, taken in conjunction with the

advantage of being able to see several activities simultaneously, led us to think that opening a new

tab or a new window could be better ways of displaying activities than the lightbox. Therefore, it

was decided that AdVisor 1.0 would remove the lightbox and use tabs or windows depending on

the web browser used by the student.

D.2.10 Future improvements

A list of elements to be added or improved was given to the students so that they chose as many

items as they deemed appropriate (see Table D.3). Adding more multimedia resources was found

necessary by 61.7% of the respondents. This may have been due to the fact that both courses

mainly used PDF files. However, AdVisor 0.0 was able to show images, play videos and audios, etc.

Hence, this was a course design issue which was the teachers’ responsibility, not to AdVisor.

Regarding the rest of the choices, adding information about assessment was the second option

(27.6%). This accorded with the request for a view based on CAAs made by the respondents (see

section D.2.8). Next, 25.5% chose to develop forums and 19.1% chose to improve aspects related

to the schedule. Finally, other (17%) alternatives were proposed too, e.g. to enable students to
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Multimedia resources Info. about assessment Forums Schedule Other

#Students 29 (61.7%) 13 (27.6%) 12 (25.5%) 9 (19.1%) 8 (17%)

Table D.3: AdVisor 0.0 – Improvements for the next prototypes.

communicate with the instructor, to integrate AdVisor into the UOC campus, etc. In addition

to the previous responses, some comments suggested including information about CAAs in the

schedule, since this was missing.

After gathering information about potential improvements, it could be concluded that the next

prototypes of AdVisor would focus on assessment and forums.
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E AdVisor 1.0:

questionnaire and results

This appendix contains the questionnaire used in the prototype AdVisor 1.0 as well as an exhaus-

tive analysis of the responses collected. More specifically, the sections of this appendix are:

• Questionnaire (see section E.1)

• Results (see section E.2)
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E.1 Questionnaire

All the questions with this symbol [*] were mandatory.

Section A – Respondent’s profile

1. [∗] Gender

• Man • Woman

2. [∗] Age

• 17-20 • 36-40

• 21-25 • 41-45

• 26-30 • 46-50

• 31-35 • Older than 50

3. [∗] How many semesters have you been enrolled at the UOC?

• 1 semester • 2 semesters • 3 semesters

• 4 or 5 semesters • More than 5 semesters

Section B – Support for the guidance through the course

4. [∗] Rate the usefulness of the following aspects on a scale of 1-5, with 1 being not at all useful

and 5 being very useful :

Organization based on sessions 1 2 3 4 5 • No response

To have all the activities detailed 1 2 3 4 5 • No response

Assessment letter / fill pattern 1 2 3 4 5 • No response

5. If you have any suggestions, comments, etc. about any of the previous aspects, please let us

know below.

Section C – Self-awareness

6. [∗] Rate the usefulness of the status color on a scale of 1-5, with 1 being not at all useful and

5 being very useful :

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful

7. [∗] Rate the dashboard on a scale of 1-5, with 1 being very poor and 5 being very good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response
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8. [∗] Rate the usefulness of each of the areas of the dashboard on a scale of 1-5, with 1 being

not at all useful and 5 being very useful :

Agenda 1 2 3 4 5 • No response

Pace 1 2 3 4 5 • No response

Assessment 1 2 3 4 5 • No response

9. What things would you change in order to improve the Advisor’s dashboard? Please, let us

know below.

Section D – Self-regulation

10. [∗] How useful was the option of marking an activity as complete for you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful

11. [∗] To what extent did AdVisor help you to self-regulate your learning process?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

Section E – Multiple views

12. [∗] How useful did you find to know the relationship between the learning activities and each

of the following course elements? Rate from 1 (not at all useful ) useful to 5 (very useful ).

Degree competences 1 2 3 4 5 • No response

Course objectives 1 2 3 4 5 • No response

Table of contents 1 2 3 4 5 • No response

Schedule/session 1 2 3 4 5 • No response

Continuous assessment assignment (CAA) 1 2 3 4 5 • No response

13. What other relationships do yo think that they would be useful for you? Please, let us know

below.

14. [∗] How long did you use each view provided by AdVisor 1.0? Rate from 1 (nothing) to 5 (a

great deal ).

Gantt chart (i.e. schedule) 1 2 3 4 5 • No response

Treeview (i.e. TOC) 1 2 3 4 5 • No response

Elastic list (i.e. competences and objectives) 1 2 3 4 5 • No response

Simple list (i.e. activities, resources and CAAs) 1 2 3 4 5 • No response

15. If you have any suggestions, comments, etc. about the current views or you want to suggest

a new one, please let us know below.
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Section E – Usability

16. [∗] To what extent was each view easy to use? Rate from 1(not at all usable ) to 5 (very usable).

Gantt chart (i.e. schedule) 1 2 3 4 5 • No response

Treeview (i.e. TOC) 1 2 3 4 5 • No response

Elastic list (i.e. competences and objectives) 1 2 3 4 5 • No response

Simple list (i.e. activities, resources and CAAs) 1 2 3 4 5 • No response

17. [∗] To what extent was each representation suitable for the information that it displayed?

Rate from 1(not at all suitable ) to 5 (very suitable).

Gantt chart (i.e. schedule) 1 2 3 4 5 • No response

Treeview (i.e. TOC) 1 2 3 4 5 • No response

Elastic list (i.e. competences and objectives) 1 2 3 4 5 • No response

Simple list (i.e. activities, resources and CAAs) 1 2 3 4 5 • No response

18. What things would you change in order to improve each view?

Section F – Overall evaluation and future improvements

19. [∗] Rate your overall experience with AdVisor 1.0 on a scale of 1-5, with 1 being very bad and

5 being very good :

1 - Very bad 2 - Bad 3 - Fair 4 - Good 5 - Very good • No response

20. [∗] Would you like to use AdVisor in other courses?

• Yes • No • No response

21. If you have any suggestions, comments, etc. about any aspect of the platform that you find

important, please let us know below.
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E.2 Results

This section analyzes the results of the previous questionnaire in detail. At this point, it is im-

portant to stress that the frequency tables as well as the bar and pie charts contain no response

answers, while the box plots do not. Likewise, this section does not include the comments made

by the teachers during the test. These are presented in Chapter 5 (see section 5.3.5).

E.2.1 Response rate

42 of 115 students filled out the questionnaire (see Table E.1). This meant a response rate of 36.5%,

15.7% more than that of AdVisor 0.0. For each course, the response rate was 41.9% for Electric Cir-

cuit Analysis and 33.3% for Mathematics II. Given that response rates tend to be lower for Internet

questionnaires than for other delivery modes (Cook et al., 2000; Couper, 2000, cited by Dillman

et al. (2009)), 36.5% may be considered a good figure. Actually, according to Nulty (2008), the

average response rate for online surveys is about 33%, while that for paper-based surveys is 56%.

E.2.2 Respondents’ profile

92.9% of the respondents were over 25 (see Figure E.1). In consequence, they probably worked

and had family responsibilities. They could also be considered to be students with online learning

experience, since 92.9% had been enrolled in the UOC at least 3 semesters (see Figure E.2). Lastly,

Table E.1 shows 95.2% were men, a usual fact in Engineering courses (Hill and Corbett, 2010). As

seen, the respondents had, in general, the typical features of online students (see section 2.4.1.1).

Course Electric Circuit Analysis (.002) Mathematics II (.008)
Total

Language Catalan (19) Spanish (89) Total Catalan Spanish Total

#Students in the test 33 10 43 51 21 72 115

Number of

respondents

#Male 14 3 17 18 5 23 40 (95.2%)

#Female 1 0 1 1 0 1 2 (4.8%)

Total
15 3 18 19 5 24 42

(45.5%) (30%) (41.9%) (37.3%) (23.8%) (33.3%) (36.5%)

Table E.1: AdVisor 1.0 – Breakdown of the participants.

vi ni pi Pi

17-20 0 0% 0%

21-25 3 7.1% 7.1%

26-30 3 7.1% 14.2%

31-35 21 50% 50.2%

36-40 6 14.3% 78.5%

41-45 8 19% 97.5%

46-50 1 2.4% 100%

Older than 50 0 0% 100%

n = 42
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure E.1: AdVisor 1.0 – Respondents’ age ranges.
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vi ni pi Pi

1 semester 2 4.8% 4.8%

2 semesters 1 2.4% 7.1%

3 semesters 11 26.2% 33.3%

4 or 5 semesters 15 35.7% 69%

More than 5 semesters 13 31% 100%

n = 42
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure E.2: AdVisor 1.0 – Number of semesters that the respondents had been enrolled in the UOC.

E.2.3 Reliability of the results

Apart from stating that the response rate was good and the respondents’ profile practically matched

the archetype of online students (see sections E.2.1 and E.2.2), it could be ensured that all the re-

spondents of this test had used the platform during the whole semester . For all of these reasons,

the results from the questionnaire were much more reliable than those of AdVisor 0.0.

Nevertheless, it was needed to be careful with the conclusions which were drawn. On the one

hand, all the participants were enrolled in Engineering courses and most of them were men. On

the other hand, a possible extraneous variable was detected: a few of the respondents who be-

longed to Electric Circuit Analysis (.002) were annoyed for having to use two environments simul-

taneously, i.e. AdVisor and UOC classroom’s forums. The reason for this may have been that the

forums played a significant role in that subject (see section 5.1) and, as a result, learners had had

to access to these communication tools a lot. Due to the aforesaid nuisance, some of the respon-

dents from Electric Circuit Analysis filled out the questionnaire in less than 4 minutes and indis-

criminately evaluated some aspects with low scores (i.e. 1 or 2). However, these students were not

removed from the analysis since it was essential to collect all the opinions. Therefore, the results

of Electric Circuit Analysis were, in general, slightly worse than those of Mathematics II.

In conclusion, despite the aforesaid unexpected drawback, the results gave an insight into the

suitability of the proposed recommendations as well as an interesting range of responses that

could be used to extract trends, possible improvements, etc.

E.2.4 To guide students through the course (recommendation B)

Besides the organization based on sessions, two more aspects related to this recommendation

were evaluated by the respondents: (1) detailed activities, and (2) the assessment type of the tasks

by means of a visual element (i.e. a letter or fill pattern). In this regard, the Cronbach’s alpha coef-

ficient for the three items was α = .90, which gave evidence to prove that they three measured the

same underlying construct: the usefulness of the guidance through the course (i.e. recommenda-

tion B). Next, the results of each item are detailed.
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vi

Electric Circuit Analysis (.002) Mathematics II (.008) Both courses

ni pi Pi ni pi Pi ni pi Pi

1 - Not at all useful 5 27.8% 27.8% 0 0% 0% 5 11.9% 11.9%

2 - Not very useful 0 0% 27.8% 2 8.3% 8.3% 2 4.8% 16.7%

3 - Neither useful
6 33.3% 61.1% 3 12.5% 20.8% 9 21.4% 38.1%

nor useless

4 - Useful 4 22.2% 83.3% 10 41.6% 62.4% 14 33.3% 71.4%

5 - Very useful 3 16.7% 100% 9 37.5% 100% 12 28.6% 100%

No response 0 0% 100% 0 0% 100% 0 0% 100%

n = 18
∑

pi = 100% n = 24
∑

pi = 100% n = 42
∑

pi = 100%

(a) Frequency table

(b) Bar chart

1

1.5

2

2.5

3

3.5

4

4.5

5

.002 .008 Both courses

(c) Box plot

Figure E.3: AdVisor 1.0 – Usefulness of having the course divided into sessions.

As for the usefulness of organizing the courses in sessions (see Figure E.3), the Mann-Whitney

(MW) test showed that there was enough evidence to reject the null hypothesis and say that the

students from Electric Circuit Analysis (.002) and Mathematics II (.008) had different opinion (U =

119.5, Z = −2.545, p = .011). More specifically, this aspect was rated positively (median = mode =

4, 41.6%) in Mathematics II and worse (mode = median = 3, 33.3%) in Electric Circuit Analysis:

1. The opinion of the students from Mathematics II (.008) was very similar in AdVisor 0.0 and

1.0: 83.3% and 79.1%, respectively, found the sessions useful (4) or very useful (5).

2. All the respondents who rated 1 were enrolled in Electric Circuit Analysis (.002). Accord-

ing to some comments, there may have been two possible reasons for this: (1) the teacher

in charge of the subject had created too many sessions, and (2) the real and the estimated

workloads were not well-balanced yet.

Another reason might have been that the weekly short guides of Mathematics II were less

complete than the lecture notes of Electric Circuit Analysis. Hence, the students from Math-

ematics II may have appreciated more the contributions of AdVisor linked to the guidance.

Moreover, some students of Electric Circuit Analysis indiscriminately rated some aspects

with low scores (i.e. 1 or 2) due to the inconvenience caused by the fact of having to use Ad-

Visor 1.0 and UOC’s forums simultaneously. In any case, the presence of too many 1’s caused

a large dispersion (IQR=3) in the distribution of scores of this course (see Figure E.3c).

When both courses were analyzed together, it could be stated that about 62% found the or-

ganization based on sessions useful (4, 33.3%, mode and median) or very useful (5, 28.6%). The

distribution was left-skewed or, in other words, only 16.7% of the respondents evaluated this as-

pect negatively (i.e. scores 1 and 2).
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vi

Electric Circuit Analysis (.002) Mathematics II (.008) Both courses

ni pi Pi ni pi Pi ni pi Pi

1 - Not at all useful 6 33.3% 33.3% 0 0% 0% 6 14.3% 14.3%

2 - Not very useful 0 0% 33.3% 3 12.5% 12.5% 3 7.1% 21.4%

3 - Neither useful
4 22.2% 55.5% 3 12.5% 25% 7 16.7% 38.1%

nor useless

4 - Useful 5 27.8% 83.3% 10 41.7% 66.7% 15 35.7% 73.8%

5 - Very useful 3 16.7% 100% 8 33.3% 100% 11 26.2% 100%

No response 0 0% 0% 0 0% 0% 0 0% 0%

n = 18
∑

pi = 100% n = 24
∑

pi = 100% n = 42
∑

pi = 100%

(a) Frequency table

(b) Bar chart

1
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2

2.5
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3.5

4

4.5

5

.002 .008 Both courses

(c) Box plot

Figure E.4: AdVisor 1.0 – Usefulness of having the activities detailed.

With regard to having the learning activities detailed, the responses were very similar to the pre-

vious aspect: around 62% rated it useful (4, 35.7%, mode and median) or very useful (5, 26.2%).

Once again, there was enough evidence to state that the opinions of the two groups were different

(MW test: U = 133, Z = −2.189, p = .029). Once more, all the students who rated 1 belonged

to Electric Circuit Analysis (.002). The reasons for that may have been the same as the aforesaid

ones. Actually, the similarity between these two aspects of AdVisor 1.0 was such that, according

to Spearman’s correlation coefficient, those learners who rated the organization based on sessions

positively also found having a detailed schedule of the activities useful (ρ = .786, p < .01).

Finally, AdVisor 1.0 showed a letter (or fill pattern for the Gantt chart) which indicated the type

of assessment of a particular item. In this occasion, there was not enough evidence to state that the

two groups had a different opinion (MW test: U = 151.5, Z = −1.427, p = .154). About 44% found

this visual element useful (4, 24.4%) or very useful (5, 19.5%). However, the most repeated value

was 3 (neither useful nor useless, 29.3%), which coincided with the median (see Figure E.5). In fact,

the distribution was practically symmetrical with IQR equal to 2. This result, together with the fact

that assessment was important to the students (see section 5.2.5), may have meant this visual item

had not been found really useful. One possible reason for this may have been that the information

related to the activities that was conveyed by the letter/fill pattern already existed in the simple list

view, where the CAAs were shown. In fact, each CAA displayed all the graded activities at a glance.

Finally, although it is not shown in Figure E.5, the respondents from Electric Circuit Analysis (.002)

were the ones who rated worse. Actually, 33.33% of them scored this item with 1 (not at all useful ).

From the questionnaire, it could not be drawn any conclusion about why this happened.

Although better results were expected, it could be stated that the three previous items had been

accepted by the students and recommendation B seemed to be suitable for online education.
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vi
Assessment letter / fill pattern

ni pi p∗
i Pi

1 - Not at all useful 7 16.7% 17.1% 17.1%

2 - Not very useful 4 9.5% 9.8% 26.8%

3 - Neither useful
12 28.6% 29.3% 56.1%

nor useless

4 - Useful 10 23.8% 24.4% 80.5%

5 - Very useful 8 19% 19.5% 100%

No response 1 2.4%

n = 42
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure E.5: AdVisor 1.0 – Usefulness of the assessment letter/fill pattern.

E.2.5 To provide self-awareness (recommendation C)

AdVisor 1.0 expanded the number of elements that aimed to provide students with awareness of

their learning process. In addition to the dashboard as a whole, this prototype evaluated: (1) the

status color, (2) the dashboard’s agenda area, (3) the dashboard’s pace area, and (4) the dashboard’s

assessment area. The Cronbach’s alpha coefficient was α = .869 and, hence, indicated that the

previous five elements measured recommendation C .

Regarding the status color, there was not enough evidence to reject the null hypothesis in the

MW test (U = 146.5, Z = −1.598, p = .11). Therefore it was considered that the two groups

(i.e. Electric Circuit Analysis and Mathematics II) had similar opinion. As shown in Figure E.6,

41.5% found status color very useful (score = 5). Actually, this value was the mode, while the score

4 (useful, 24.4%) was the median. In consequence, the distribution was clearly left-skewed (see

Figure E.6c). As observed, the status color was evaluated very positively, since 65.9% found this

visual element useful or very useful . Furthermore, the percentage of negative responses (score =

1 and 2) was equal to 14.6%.

As in AdVisor 0.0, the dashboard was the main element that helped students to be aware of

their learning process. Once again, the respondents were asked to evaluate it on a 5-point Likert

scale. According to the MW test, there was not enough evidence to prove that the two groups

thought about this tool differently (U = 161.5, Z = −1.237, p = .216). Moreover, as shown in the

box plot of Figure E.7, the distribution was left-skewed with IQR equal to 1.25. This meant that the

mass of the distribution was concentrated on the higher values. In fact, the most chosen score was

good (4, 31.7%), which was also the median. As a result, 56.1% of the respondents thought that

the dashboard was a good (4, 31.7%) or very good (5, 24.4%) tool. By contrast, only 17.1% chose
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vi

Status color

ni pi p∗
i Pi

1 - Not at all useful 3 7.1% 7.3% 7.3%

2 - Not very useful 3 7.1% 7.3% 14.6%

3 - Neither useful nor useless 8 19% 19.5% 34.1%

4 - Useful 10 23.8% 24.4% 58.5%

5 - Good 17 40.5% 41.5% 100%

No response 1 2.4%

n = 42
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure E.6: AdVisor 1.0 – Usefulness of the status color.

the options poor (2, 9.8%) or very poor (1, 7.3%). Although this result was good, this could have

been considered even better, since the three respondents who rated 1 (very poor) were outliers

(see Figure E.7c). As seen, the evaluation obtained by AdVisor 1.0’s dashboard accorded with that

of AdVisor 0.0’s one (59.1% responses ≥ 4). This implied a reinforcement of the usefulness of the

dashboard as a space that helps the student to be aware of her learning process.

Apart from evaluating the dashboard as a whole, each information area was also evaluated in-

dividually in order to conduct a detailed analysis. Nevertheless, although the dashboard was made

up of four areas, only three were used in the test due to technical problems with the feedback area.

Consequently, the respondents were only asked to rate the agenda, the pace and the assessment

areas (see Figure E.7). For these three areas, there was not enough evidence to state that the two

groups had different opinion (MW test - agenda: U = 141, Z = −1.266, p = .205; MW test - pace:

U = 149.5, Z = −1.313, p = .189; MW test - assessment: U = 190, Z = −.157, p = .875).

As for the agenda area, there was quite consensus (IQR = 1). 79.4% of the respondents found

it fair (i.e. score equal to 3) or better , being good (4, 30.8%) the mode and the median. Although

this result was good, this may have been considered better according to the box plot of Figure E.7,

because the respondents who rated 1 (very poor, 10.3%) could have been labeled as outliers.

Regarding the pace area, this type of information was absolutely new to the students, since

there was not a similar space in the UOC classroom. This area obtained the same mode and me-

dian as those of the agenda: 4 (good, 35%). In this regard, 65% of the respondents rated it 4 (good )

or 5 (very good, 30%). This figure reached 87.5% when the responses with score 3 (fair, 22.5%)

were added. This excellent result was reaffirmed by means of the distribution of the scores, which

had a negative skewness and was symmetrical between the quartiles Q1 and Q3 (i.e. the blue box).

However, it had more dispersion (IQR = 2) than the agenda area (IQR = 1). Despite this, because
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vi
Dashboard Agenda area Pace area Assessment area

ni (pi) p∗i Pi ni (pi) p∗i Pi ni (pi) p∗i Pi ni (pi) p∗i Pi

1 - Very poor 3 (7.1%) 7.3% 7.3% 4 (9.5%) 10.3% 10.3% 2 (4.8%) 5% 5% 3 (7.1%) 7.5% 7.5%

2 - Poor 4 (9.5%) 9.8% 17.1% 4 (9.5%) 10.3% 20.6% 3 (7.1%) 7.5% 12.5% 2 (4.8%) 5% 12.5%

3 - Fair 11 (26.2%) 26.8% 43.9% 10 (23.8%) 25.6% 46.2% 9 (21.4%) 22.5% 35% 9 (21.4%) 22.5% 35%

4 - Good 13 (31%) 31.7% 75.6% 12 (28.6%) 30.8% 77% 14 (33.3%) 35% 70% 15 (35.7%) 37.5% 72.5%

5 - Very good 10 (23.8%) 24.4% 100% 9 (21.4%) 23.1% 100% 12 (28.6%) 30% 100% 11 (26.2%) 27.5% 100%

No response 1 (2.4%) 3 (7.1%) 2 (4.8%) 2 (4.8%)

n = 42 100% n = 42 100% n = 42 100% n = 42 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure E.7: AdVisor 1.0 – Evaluation of the dashboard and its information areas.

the upper whisker overlapped the third quartile, the last 25% of data only included the value 5

(very good ). This meant that the overall rate of the pace area was shifted to 5 and, thus, was higher

than that of the agenda area. Last but not least, the good evaluation of the status color, which was

closely related to this information area, reinforced the usefulness of the dashboard’s pace area.

With regard to the assessment area, it displayed, unlike the UOC classroom, learners’ grades

at a glance. The distribution of the scores was quite identical to that of the pace area: its median

and mode were 4 (good, 37.5%) and its interquartile range (IQR) was 2 too. Likewise, 87.5% found

this area fair (3, 22.5%) or better . But, in this case, 37.5% and 27.5% rated 4 (useful ) and 5 (very

useful ), respectively. This meant that this area had been rated slightly worse than the pace area.

In addition to rating this tool, two people wrote a comment. One of them said the design would

have to be improved. Specifically, s/he indicated that each information area had a small size, but

there was too much room around the four boxes. Therefore, s/he suggested enlarging the box of

each area. The other person requested that the feedback area was used next semester.

After analyzing the dashboard as whole and each of its information areas individually, it could

be concluded that the dashboard was a useful tool that had helped the learners during the course.

As seen, both the status color and the dashboard were evaluated very positively. Hence, the

results seemed to indicate that providing online students with information that helps them be

aware of their learning process is very important. In short, recommendation C was suitable.

E.2.6 To provide tools that help students to be self-regulated (rec. B and C)

As said in section D.2.7, recommendations B and C pursue providing tools that help students to

be self-regulated. The Cronbach’s alpha coefficient of the items related to these two recommen-

dations, α = .934, confirmed that these elements, and consequently recommendations B and C ,
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measured the same construct: the usefulness of the items that support self-regulated learning.

In addition to the items of recommendations B and C , two more questions related to self-

regulated learning were asked: (1) “how useful was the option of marking an activity as complete?”,

and (2) “to what extent did AdVisor help you to self-regulate your learning process?”. The previous

Cronbach’s alpha coefficient reached α = .95 when these two new questions were added. Hence,

there was evidence to state that the two new aspects were closely related to the items of recom-

mendations B and C and, in consequence, also measured the aforesaid construct.

As for the feature of marking the completion of an activity (see Figure E.8), the MW test re-

vealed that the difference between Electric Circuit Analysis (.002) and Mathematics II (.008) was

statistically significant (U = 113, Z = −2.732, p = .006). Again, the students from Mathematics II

scored better than the learners from Electric Circuit Analysis. For Mathematics II, the mode and

the median were 5 (very useful, 50%) and 4.5 respectively, whereas the evaluation of the group of

Electric Circuit Analysis had a mode of 1 (not at all useful, 38.9%) and a median of 3 (neither useful

nor useless, 22.2%). At this point, it is worth emphasizing two facts:

• 50% of the respondents from Mathematics II (.008) rated this functionality 5 (very useful ).

• All the respondents, except for one, who rated 1 (not at all useful ) were enrolled in Electric

Circuit Analysis (.002). If the box plots of this group of Figures E.3, E.4 and E.8 are compared,

one can notice they are identical. Thus, the reasons that led the respondents of this course

to answer these three questions negatively may have been the same ones (see page 229).

Nevertheless, when the two groups were analyzed together, then it could be concluded that

61.9% found marking the completion of an activity useful (4, 23.8%, median) or very useful (5,

38.1%, mode). Furthermore, as shown in Figure E.8c, the distribution was left-skewed.

With regard to the question “to what extent did AdVisor help you to self-regulate your learning

process?” (see Figure E.9), both groups, in general, had a similar opinion (MW test: U = 167,

Z = −1.273, p = .203). Just like in AdVisor 0.0, over 40% found that AdVisor 1.0 had helped them

in a significant way (i.e. scores 4 and 5). Likewise, the median and the mode were 3 (normal,

26.2%). However, in this occasion, the distribution was more disperse (IQR=2) than that of AdVisor

0.0 (IQR=1). Once again, it is important to emphasize that 6 of the 7 students who rated 1 (nothing,

16.7%) belonged to Electric Circuit Analysis (.002). This meant this question obtained a few more

negative responses (i.e. 1 and 2) than when it was evaluated in the previous prototype. Despite

this, the global result was good, since 66.6% expressed that AdVisor 1.0 had helped them to be

self-regulated in a normal (3, 26.2%) or significant way (scores 4 and 5, 40.4%).

As seen in sections E.2.4 and E.2.5 as well as in this one, most of those aspects of AdVisor 1.0

that were aligned with self-regulated learning attained good results. Hence, in general, there was

evidence to say that AdVisor 1.0 had helped students to be self-regulated to some extent .

Lastly, it is worth saying that the evaluation of the extent of support of AdVisor for self-regulation

had an either moderate or strong positive correlation with the rest of items (see Table E.2).
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vi

Electric Circuit Analysis (.002) Mathematics II (.008) Both courses

ni pi Pi ni pi Pi ni pi Pi

1 - Not at all useful 7 38.9% 38.9% 1 4.2% 4.2% 8 19% 19%

2 - Not very useful 0 0% 38.9% 0 0% 0% 0 0% 19%

3 - Neither useful
4 22.2% 61.1% 4 16.7% 20.9% 8 19% 38%

nor useless

4 - Useful 3 16.7% 77.8% 7 29.2% 50.1% 10 23.8% 62%

5 - Very useful 4 22.2% 100% 12 50% 100% 16 38.1% 100%

No response 0 0% 0% 0 0% 0% 0 0% 0%

n = 18
∑

pi = 100% n = 24
∑

pi = 100% n = 42
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure E.8: AdVisor 1.0 – Usefulness of being able to mark an activity as complete.

vi ni pi Pi

1 - Nothing 7 16.7% 16.7%

2 - Little 7 16.7% 33.3%

3 - Normal 11 26.2% 59.5%

4 - Quite a lot 8 19% 78.6%

5 - A great deal 9 21.4% 100%

No response 0 0%

n = 42
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure E.9: AdVisor 1.0 – To what extent AdVisor helped to self-regulate the students’ learning process.

Session
Detailed Assessment

Status color Dashboard
Marking

activities letter completion

AdVisor helped

to self-regulate

ρ = .683**

(Moderate)

ρ = .710**

(Strong)

ρ = .643**

(Moderate)

ρ = .499**

(Moderate)

ρ = .773**

(Strong)

ρ = .712**

(Strong)

** Significant correlation at 1% level of significance.

Table E.2: AdVisor 1.0 - Spearman’s correlation coefficient between the extent of support of the

platform for self-regulation of the learning process and each of the features related to it.
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E.2.7 To provide multiple views of the course (recommendations G and A)

This section focuses on the questions related to recommendation G or, in other words, the provi-

sion of multiple views of the same course. Furthermore, it indirectly deals with recommendation

A, i.e. to define competences and objectives clearly. In short, this section analyzes two aspects:

.

• Usefulness of the relationships between the activities and the rest of the course

elements

• Use of each view

Next, the results of each issue are presented.

E.2.7.1 Usefulness of the relationships between the activities and the rest of the course ele-

ments

First of all, the questionnaire asked how useful was to know the relationship that existed between

the activities and each of the course elements provided by AdVisor 1.0 during their learning pro-

cess. According to the MW test, both groups seemed to have the same opinion for each of the re-

lationships. From the results obtained from the questionnaire, the five relationships were ranked

from the most to the least useful. Figure E.10 shows that ranking (from left to right).

The first position was clearly for the relationship between the activities and the continuous

assessment assignments (CAAs) (MW test: U = 204, Z = −.360, p = .719), since 64.3% of the

respondents chose the score 5 (very useful ), becoming the mode and the median. Likewise, the

distribution was compact with IQR equal to 1. Furthermore, as it is shown in the box plot, the

person who rated 2 (not very useful, 2.4%) could have been considered an outlier.

Next, the relationship with the schedule (or sessions) ranked second (MW test: U = 204.5,

Z = −.330, p = .741), whereas the TOC and the objectives were third and fourth, respectively (MW

test-TOC: U = 174.5, Z = −1.144, p = .253; MW test-objectives: U = 186, Z = −.823, p = .411).

The three relationships obtained very similar scores, being their modes and medians equal to 4

(useful ). Moreover, the blue boxes of their box plots (i.e. the 50% of data) started in 4 and finished

in 5, i.e. IQR equal to 1. Likewise, the scores which were lower than 3 (neither useful nor useless)

could have been labeled as outliers in the three cases. However, the percentage of responses equal

or greater than 4 was 88.1% for the schedule/session, whereas the TOC and the objectives obtained

80.9% and 76.2%, respectively. This is why the relationship with the schedule/sessions was second,

the one with the TOC third, and the one with the course objectives fourth.

Finally, the relationship with the degree competences was the less useful (MW test: U = 196,

Z = −.305, p = .760). Although its IQR was 1 and its mode and median were 4 (useful, 41.5%)

like the three previous relationships, the blue box of its box plot went from 3 to 4 (i.e. it was more

right-skewed). Hence, its evaluation was worse.

The order of preference of the relationships between the activities and the course elements
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vi
CAAs Schedule/session TOC Course objectives Degree competences

ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) p∗i Pi

1 - Not at all useful 0 (0%) 0% 0 (0%) 0% 1 (2.4%) 2.4% 1 (2.4%) 2.4% 1 (2.4%) 2.4% 2.4%

2 - Not very useful 1 (2.4%) 2.4% 2 (4.8%) 4.8% 0 (0%) 2.4% 0 (0%) 2.4% 3 (7.1%) 7.3% 9.8%

3 - Neither useful
3 (7.1%) 9.5% 3 (7.1%) 11.9% 7 (16.7%) 19% 9 (21.4%) 23.8% 12 (28.6%) 28.3% 39%

nor useless

4 - Useful 11 (26.2%) 35.7% 24 (57.1%) 69% 20 (47.6%) 66.7% 20 (47.6%) 71.4% 17 (40.5%) 41.5% 80.5%

5 - Very useful 27 (64.3%) 100% 13 (31%) 100% 14 (33.3%) 100% 12 (28.6%) 100% 8 (19%) 19.5% 100%

No response 0 0% 0 0% 0 0% 0 0% 1 2.4%

(a) Frequency table

(b) Bar chart
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Figure E.10: AdVisor 1.0 – The usefulness of the relationships between the activities and different course

elements.

was not surprising. The most useful relationship was the one that included the closest item to

assessment, i.e. CAAs. After all, what any learner wants is to pass the subject. This result accorded

with the requests for future improvements that were made by the respondents of AdVisor 0.0 (see

section D.2.10). Likewise, the second position of the relationship with the schedule/sessions also

made sense, since the respondents may have found it important to know what tasks they had

to do. As seen, the preferred relationships were those that included the elements which were

closer to the coursework, i.e. what activities are part of the assessment and when they have to be

performed. Actually, one respondent wrote that knowing the degree competences which one is

developing is not relevant.

To find out other relationships that could be useful to students, an optional open question was

included in the questionnaire. Only one person wrote a comment. She suggested linking the ac-

tivities to the discussion forums. Thereby, each activity would have its own forum. This comment

matched one of the requests of the respondents of AdVisor 0.0, who asked for including more in-

formation about assessment and developing forums (see section D.2.10). In this regard, AdVisor

1.0 focused on assessment, whereas AdVisor 2.0 would pay special attention to the forums.

E.2.7.2 Use of each view

Related to the previous question, it was asked: “how long did you use each view provided by Ad-

Visor 1.0?”. According to the MW test, the respondents from the two courses used all the views in

a similar way. As shown in Figure E.11, the Gantt chart (linked to the schedule space) had a mode

and a median of 4 (quite a lot, 33.3%), being the most used view (MW test: U = 194.5, Z = −.564,

p = .573). This, along with the result of the dashboard’s pace area, suggested that the students had

found useful to have information about their studying pace and the course’s schedule. This also

led one to think this view may have helped to the learners who studied in a constant way.
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vi
Gantt chart Simple list Treeview Elastic list

ni pi Pi ni pi p∗i Pi ni pi Pi ni pi p∗i Pi

1 - Nothing 3 7.1% 7.1% 3 7.1% 7.5% 7.5% 3 7.1% 7.1% 6 14.3% 14.6% 14.6%

2 - Little 8 19% 26.2% 7 16.7% 17.5% 25% 9 21.4% 28.6% 11 26.2% 26.8% 41.5%

3 - Normal 9 21.4% 47.6% 10 23.8% 25% 50% 12 28.6% 57.1% 11 26.2% 26.8% 68.2%

4 - Quite a lot 14 33.3% 81% 15 35.7% 37.5% 87.5% 12 28.6% 85.7% 11 26.2% 26.8% 95.1%

5 - A great deal 8 19% 100% 5 11.9% 12.5% 100% 6 14.3% 100% 2 4.8% 4.9% 100%

No response 0 0% 2 4.8% 0 0% 1 2.4%

n = 42
∑

pi = 100% n = 42
∑

p∗i = 100% n = 42
∑

pi = 100% n = 42
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure E.11: AdVisor 1.0 – Usage of each of the views provided.

The second position was for the simple list which included activities, sessions, resources and

CAAs (MW test: U = 184.5, Z = −.313, p = .754). Its mode was 4 (quite a lot, 37.5%) and its median

was 3.5. Although this view was ranked second in terms of use, one can notice that the scores of the

Gantt chart and the simple list were very similar (see Figure E.11b). However, the Gantt chart was

a little bit more left-skewed than the simple list. By contrast, the IQR of the simple list was more

narrow (IQR=1.5) than that of the Gantt chart (IQR=2). In any case, the second position of the

simple list may have meant that many students preferred knowing what activities they had to do

during the semester, without considering the proposed dates. Another reason may have been that

this view listed the CAAs (i.e. the mandatory activities) clearly and at a glance. Thus, this view could

have been used by those learners who either were used to planning their learning process based on

the CAAs or were only interested in passing the course by handing in the CAAs. As revealed in the

questionnaire of AdVisor 0.0 (see section D.2.4), a significant proportion of UOC students match

this profile, since most of them do not have enough time to perform all the activities. Actually, this

accorded with the results of the previous question about the relationship between the activities

and the course elements, which indicated that the assessment (or CAAs) was the most important

aspect for the students.

Finally, both the treeview (related to the TOC) and the elastic list (linked to the competences

and objectives) obtained similar scores (MW test-treeview: U = 210, Z = −.157, p = .875; MW-

elastic list: U = 186.5, Z = −.478, p = .633). According to Figure E.11, their medians were 3

(normal ) and their IQRs were 2. Nevertheless, the mode of the treeview was 3 (normal, 28.6%)

and 4 (quite a lot%), whereas the elastic list’s one was 2 (little, 26.8%), 3 (normal ) and 4 (quite

a lot). Moreover, the former obtained more 5’s than the latter. As a result, the treeview was the

third most used view and the elastic list was the fourth one. The fact that the treeview was not

directly related to either assessment or schedule, the two most important aspects for the students

according to the previous question (see section E.2.7.1), may have been the reason for its third
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position. Despite being less important than the previous two views, the treeview might have been

useful when the learners wanted to review a specific concept .

As for the elastic list, its fourth position was expected, because, as seen in the previous question,

competences and objectives, especially the former, were not considered essential by learners. The

reason may have been that the current students may not yet be used to seeing a course from a

perspective based on degree competences and course objectives. Nevertheless, this view may be

more important in the future, when the EHEA’s degrees are deployed completely.

E.2.7.3 Conclusions

The previous analysis has shown that it seemed that the provision of multiple views (i.e. recom-

mendation G) was accepted by all the respondents. Actually, in addition to including discussion

forums, two people suggested another view: one that displayed the relationship between one

course and the rest of the subjects of the degree. In that view, the courses could be linked through

the prerequisites, shared topics, etc. Moreover, the new information structure seemed to include

the most important aspect of a course.

In contrast, as evidenced by the results of the previous two questions, the respondents did not

find having the competences and the objectives clearly defined (i.e. recommendation A) useful.

This trend would have to be confirmed in the next prototype, but everything seemed to indicate

that there was still a long way until the students got used to paying attention to degree compe-

tences and course objectives. For that reason, it would be important to promote the use of these

two items with the support of the teachers in future.

E.2.8 Usability (recommendations I-M)

Each view of AdVisor 1.0 used a different type of visual representation, i.e. Gantt chart, treeview,

elastic list and simple list. Each of them was evaluated by the respondents in terms of:

.

• Usability

• Suitability

The first aspect, i.e. usability, asked: “to what extent was each view easy to use?” (see Figure

E.12). By contrast, the second issue focused on knowing to what extent each representation was

suitable for the information that it displayed (see Figure E.13). To understand the difference be-

tween both concepts, let us imagine an example: a view that uses a calendar to show the schedule.

This could be easy to use, but other representations could be more suitable, e.g. a Gantt chart.

According to the results, the respondents from the two courses agreed that the simple list was

the most usable view (MW test: U = 172, Z = −.580, p = .562). In fact, 50% found it usable (4,

40%, mode) or very usable (5, 10%), being the median equal to 3.5. This result was even better,

since the three people who rated 1 (not at all usable, 7.5%) could be considered outliers (see Figure
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vi
Simple list Treeview Gantt chart Elastic list

ni (pi) p∗i Pi ni (pi) p∗i Pi ni (pi) p∗i Pi ni (pi) p∗i Pi

1 - Not at all usable 3 (7.1%) 7.5% 7.5% 4 (9.5%) 10% 10% 5 (11.9%) 12.2% 12.2% 5 (11.9%) 12.8% 12.8%

2 - Not very usable 5 (11.9%) 12.5% 20% 6 (14.3%) 15% 25% 6 (14.3%) 14.6% 26.8% 7 (16.7%) 17.9% 30.8%

3 - Neither usable
12 (28.6%) 30% 50% 12 (28.6%) 30% 55% 13 (31%) 31.7% 58.5% 13 (31%) 33.3% 64.1%

nor unusable

4 - Usable 16 (38.1%) 40% 90% 11 (26.2%) 27.5% 82.5% 11 (26.2%) 26.8% 85.4% 11 (26.2%) 28.2% 92.3%

5 - Very usable 4 (9.5%) 10% 100% 7 (16.7%) 17.5% 100% 6 (14.3%) 14.6% 100% 3 (7.1%) 7.7% 100%

No response 2 (4.8%) 2 (4.8%) 1 (2.4%) 3 (7.1%)

n = 42
∑

p∗i = 100% n = 42
∑

p∗i = 100% n = 42
∑

p∗i = 100% n = 42
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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Figure E.12: AdVisor 1.0 – Usability of each of the views provided.

E.12c). As for its suitability (MW test: U = 195, Z = −.554, p = .580), 45.2% thought the simple list

was suitable (4, 26.2%) or very suitable (5, 19%). The option normal (3, 35.7%) was both the mode

and the median. Hence, 81% found the suitability of this view normal (3) or better .

The treeview was ranked second. With consensus between the two courses (MW test: U =

131.5, Z = −1.803, p = .071), 45% found this representation usable (4, 27.5%) or very usable (5,

17.5%). In contrast to the simple list, the variability of the opinions was higher (IQR=1.5). Likewise,

the mode and the median were 3 (neither usable nor unusable, 30%). As for its suitability, there was

enough evidence to state that the two courses did not share the same opinion (MW test: U = 125,

Z = −2.242, p = .025). In this regard, the students from Electric Circuit Analysis (.002) rated

worse. Nevertheless, if the opinions of the two groups were analyzed together, then around 78%

would consider the treeview as normal (3, 39%) or better, being 3 the mode and the median.

Finally, as shown in the box plots of Figures E.12 and E.13, both the Gantt chart and the elastic

list had very similar distributions in terms of usability (median = mode = 3) and suitability (Gantt:

mode = 4 and median = 3; Elastic list: mode = 3 and median = 3). However, the Gantt chart was

slightly better than the elastic list due to several reasons:

• Although the median and the mode were 3 (neither usable nor unusable) in terms of usability

for the two views, the respondents from the two courses had similar opinion about the Gantt

chart (MW test: U = 165, Z = −1.124, p = .261), but not about the elastic list (MW test:

U = 109, Z = −2.287, p = .022). The respondents from Electric Circuit Analysis (.002)

evaluated the elastic list quite worse than the other group.

• Even though the two groups were in agreement about the suitability of both representations

(MW test-Gantt chart: U = 177, Z = −1.022, p = .307; MW test-elastic list: U = 155,

Z = −1.226, p = .220), the mode of the Gantt chart was 4 (suitable, 33.3%), whereas that of

the elastic list was 3 (normal, 42.5%).
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vi
Simple list Treeview Gantt chart Elastic list

ni pi Pi ni (pi) p∗i Pi ni pi Pi ni (pi) p∗i Pi

1 - Not at all suitable 5 11.9% 11.9% 4 (9.5%) 9.8% 9.8% 9 21.4% 21.4% 5 (11.9%) 12.5% 12.5%

2 - Not very suitable 3 7.1% 19% 5 (11.9%) 12.2% 22% 4 9.5% 31% 6 (14.3%) 15% 27.5%

3 - Normal 15 35.7% 54.8% 16 (38.1%) 39% 61% 9 21.4% 52.4% 17 (40.5%) 42.5% 70%

4 - Suitable 11 26.2% 81% 9 (21.4%) 22% 82.9% 14 33.3% 85.7% 8 (19%) 20% 90%

5 - Very suitable 8 19% 100% 7 (16.7%) 17.1% 100% 6 14.3% 100% 4 (9.5%) 10% 100%

No response 0 0% 1 2.4% 0 0% 2 (4.8%)

n = 42
∑

pi = 100% n = 42
∑

p∗i = 100% n = 42
∑

pi = 100% n = 42
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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Figure E.13: AdVisor 1.0 – Suitability of each of the views provided.

Despite the fact that the Gantt chart was slightly better than the elastic list, the results of suit-

ability obtained by the Gantt chart were surprising. The reason was that 21.4% of the respondents

thought that this representation was not at all suitable (score = 1). But, at the same time, this was

the view that had more responses with high values (i.e. 4 and 5), 20 of 42, followed by the simple list

with 19. Hence, there were extreme and opposite responses for the suitability of the Gantt chart.

This fact caused certain confusion about if the Gantt chart was a suitable representation or not. In

order to clear up this doubt, the open question “what things would you change in order to improve

each view?” was used. None of the comments received for the Gantt chart suggested changing the

representation. This, in conjunction with the fact that the Gantt chart had been the most used

view (see section E.2.7.2) and thus the students had had more time to detect weak points, led us to

think this visual representation was suitable but it would need to be enhanced a lot.

As seen, the simple list and the treeview were the best rated representations. One reason for

this may have been that they both are integrated in any operative system (OS). Therefore, the

learners were used to utilizing both types of visual representations. By contrast, the Gantt chart

and the elastic list required students to learn how they worked.

Considering AdVisor 1.0 was a prototype whose design mainly focused on aspects related to

pedagogy and information structure, the evaluation of the usability (and suitability) could be

considered good. However, the whole platform would have to be improved in future as much as

possible. Among the improvements that were suggested, it is worth stressing the following ones:

1. The Gantt chart would have to allow to select several activities or sessions and mark them as

finished. AdVisor 1.0’s Gantt chart only enabled to check activities as complete one by one.

2. The Gantt chart would have to show the current sessions by default. The Gantt chart of Ad-

Visor 1.0 always showed the first sessions of the course regardless of the current date.

3. AdVisor’s interface should have a look and feel more familiar to the students, e.g. UOC’s style.
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4. To attempt to make data more visible at a glance.

5. To reduce the amount of clicks needed until reaching the resources of an activity.

E.2.9 Overall experience

The respondents were asked about their overall experience with AdVisor 1.0 (see Figure E.14).

When the two courses were analyzed together (MW test: U = 193.5, Z = −.589, p = .556), 73.8%

of the responses were 3 (normal, 21.4%) or greater, being the score 4 (good, 33.3%) the median and

the mode. Moreover, the distribution was left-skewed with IQR equals to 2. Therefore, in general,

the respondents’ experience was satisfactory.

Nevertheless, when the overall experience was analyzed for each course individually, some la-

tent issues emerged. As shown in Figure E.14, 33.33% of respondents from Electric Circuit Analy-

sis (.002) had had a very bad experience with the platform (score = 1). One of the reasons that they

argued was that using two platforms simultaneously (i.e. AdVisor 1.0 and the UOC’s forums) had

been very annoying. According to some students, this situation had sometimes confused them.

This may have led some respondents from .002 to indiscriminately rate several questions with 1

(very bad ) and filled out the questionnaire quickly. Other reasons were explained in page 229. As

a result, the distribution of the responses of Electric Circuit Analysis (.002) was less homogeneous

than that of Mathematics II (.008), i.e. IQR002 = 3; IQR008 = 1.5 (see the box plots of Figure E.14).

Even so, Electric Circuit Analysis (.002) paradoxically had a mode and a median of 4 (good, 50%),

whereas the mode and the median of Mathematics II (.008) were 3 (fair, 33.3%).

Another question related to the overall experience was asked: “would you like to use AdVisor in

other courses?” (see Figure E.15). This was asked without considering if they preferred AdVisor as

a replacement of the UOC classroom or as a support tool. 69% of the respondents expressed that

they would use the platform again. By contrast, 26.2% would not use it again and 4.8% did not

know. At this point, it is important to emphasizing that there was enough evidence to state that the

null hypothesis could be rejected and, therefore, the two groups had different opinion (MW test:

U = 137, Z = −2.144, p = .032). As a result of this finding, the responses were analyzed for each

course. Thanks to this, it was possible to observe that there was much more rejection in Electric

Circuit Analysis (44.4%) than Mathematics II (12.5%). The main reasons for this difference may

have been the same as the ones that have already been explained previously.

In conclusion, by taking all the evaluation of all the elements that were part of AdVisor 1.0 into

consideration, it could be concluded that this prototype was favorably received by the respon-

dents. Despite this, the platform would have to be improved. One of those improvements would

be to add discussion forums to AdVisor so that the students only had to use a single tool.
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vi

Electric Circuit Analysis (.002) Mathematics II (.008) Both courses

ni pi Pi ni pi Pi ni pi Pi

1 - Very bad 6 33.3% 33.3% 1 4.2% 4.2% 7 16.7% 16.7%

2 - Bad 0 0% 33.3% 4 16.7% 20.9% 4 9.5% 26.2%

3 - Fair 1 5.6% 38.9% 8 33.3% 54.2% 9 21.4% 47.6%

4 - Good 9 50% 88.9% 5 20.8% 75% 14 33.3% 81%

5 - Very good 2 11.1% 100% 6 25% 100% 8 19% 100%

No response 0 0% 0 0% 0 0%

n = 18
∑

pi = 100% n = 24
∑

pi = 100% n = 42
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure E.14: AdVisor 1.0 – Overall experience.

(a) Circuit Analysis (.002) (b) Mathematics II (.008) (c) Both courses

Figure E.15: AdVisor 1.0 – “Would you like to use AdVisor in other courses?”.
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F AdVisor 2.0: questionnaire,

interview and results

This appendix contains the questionnaire used in the prototype AdVisor 2.0 as well as the pre-

determined set of questions of the interviews that were conducted. For each of them, an exhaus-

tive analysis of the responses collected is provided. Therefore, the sections of this appendix are:

• Questionnaire (see section F.1)

– Questions (see section F.1.1)

– Results (see section F.1.2)

• Interview (see section F.2)

– Set of questions (see section F.2.1)

– Results (see section F.2.2)

245
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F.1 Questionnaire

F.1.1 Questions

All the questions with this symbol [*] were mandatory.

Section A – Respondent’s profile

1. [∗] Gender

• Man • Woman

2. [∗] Age

• 17-20 • 36-40

• 21-25 • 41-45

• 26-30 • 46-50

• 31-35 • Older than 50

3. [∗] How many semesters have you been enrolled at the UOC?

• 1 semester • 2 semesters • 3 semesters

• 4 or 5 semesters • More than 5 semesters

4. [∗] Which type of job do you have currently?

• Out of job • Part-time job (<20 hours/week) • Full-time job (≥20 hours/week)

Section B – Support to the guidance through the course

5. [∗] Rate the usefulness of the following aspects on a scale of 1-5, with 1 being not at all useful

and 5 being very useful :

Organization based on sessions 1 2 3 4 5 • No response

To have all the activities detailed 1 2 3 4 5 • No response

Assessment letter / fill pattern 1 2 3 4 5 • No response

6. If you have any suggestions, comments, etc. about any of the previous aspect related to self-

regulation, please let us know below.

Section C – Self-awareness

7. [∗] Rate the usefulness of the status color on a scale of 1-5, with 1 being not at all useful and

5 being very useful :

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful
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8. [∗] Rate the dashboard on a scale of 1-5, with 1 being very poor and 5 being very good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response

9. [∗] Rate the usefulness of each of the areas of the dashboard on a scale of 1-5, with 1 being

not at all usable and 5 being very usable:

Agenda 1 2 3 4 5 • No response

Pace 1 2 3 4 5 • No response

Assessment 1 2 3 4 5 • No response

Forums 1 2 3 4 5 • No response

10. What things would you change in order to improve the Advisor’s dashboard? Please, let us

know below.

11. [∗] To what extent did AdVisor help you to be aware of your situation in the course?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

Section D – Self-regulation

12. [∗] How useful was the option of marking an activity as complete for you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful

13. [∗] To what extent did AdVisor help you to self-regulate your learning process?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

Section E – Multiple views

14. [∗] Rate the usefulness of the following aspects on a scale of 1-5, with 1 being not at all useful

and 5 being very useful :

To have multiple views of the course 1 2 3 4 5 • No response

The fact that all the views 1 2 3 4 5 • No response

were related to the activities

15. [∗] To what extent did AdVisor help you to have an overview of the course beyond the activi-

ties and CAAs?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response
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16. [∗] How long did you use each view provided by AdVisor 1.0? Rank them from the most used

view (1st) to the least (5th). You cannot repeat a position.

Gantt chart (i.e. schedule) 1st 2nd 3rd 4th 5th 6th

Treeview (i.e. TOC) 1st 2nd 3rd 4th 5th 6th

Elastic list (i.e. competences and objectives) 1st 2nd 3rd 4th 5th 6th

Activities and resources 1st 2nd 3rd 4th 5th 6th

Assessment 1st 2nd 3rd 4th 5th 6th

Forums 1st 2nd 3rd 4th 5th 6th

17. What things would you change in order to improve the AdVisor’s views? Would you add or

remove any view? Please, let us know below.

Section F – Social interaction

18. [∗] Rate the usefulness of the following aspects on a scale of 1-5, with 1 being not at all useful

and 5 being very useful :

To have a forum per activity 1 2 3 4 5 • No response

To know what messages have liked to the classmates 1 2 3 4 5 • No response

To know the messages highlighted by the teacher 1 2 3 4 5 • No response

Section G – Usability

19. [∗] To what extent was each of the following elements useful? Rate from 1(not at all usable )

to 5 (very usable).

Tooltips 1 2 3 4 5 • No response

To have the workspace divided into two parts 1 2 3 4 5 • No response

(top: navigation and bottom: description)

Arrow button to show/hide the description area 1 2 3 4 5 • No response

20. [∗] To what extent was each view easy to use? Rate from 1(not at all usable ) to 5 (very usable).

Gantt chart (i.e. schedule) 1 2 3 4 5 • No response

Treeview (i.e. TOC) 1 2 3 4 5 • No response

Elastic list (i.e. competences and objectives) 1 2 3 4 5 • No response

Activities and resources 1 2 3 4 5 • No response

Assessment 1 2 3 4 5 • No response

Forums 1 2 3 4 5 • No response
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21. [∗] Give your opinion about the following statements related to the usability of AdVisor by

ticking the appropriate option, being 1 strongly disagree and 5 strongly agree.

Learning to use the platform is fast 1 2 3 4 5

It is is easy to navigate without getting lost 1 2 3 4 5

You find what you are looking for fast 1 2 3 4 5

The design and the layout of the interface 1 2 3 4 5

allow to see the important information at a glance

The visual style (i.e. font size, colors, icons, etc.) 1 2 3 4 5

is suitable

Response time is good 1 2 3 4 5

22. What things would you change in order to improve the usability of each view?

Section H – Overall evaluation and future improvements

23. [∗] Rate your overall experience with AdVisor 1.0 on a scale of 1-5, with 1 being very bad and

5 being very good :

1 - Very bad 2 - Bad 3 - Fair 4 - Good 5 - Very good • No response

24. [∗] Would you like to use AdVisor in other courses?

• Yes • No • No response

25. [∗] What thing/s of AdVisor did you find more useful/interesting? Please let us know below.

26. [∗] What thing/s did you miss in AdVisor? Please let us know below.

27. If you have any suggestions, comments, etc. about any aspect of the platform that you find

important, please let us know below.
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F.1.2 Results

This section shows and analyzes the responses of the previous questionnaire in detail. Just like the

appendices D and E, it is important to stress that the frequency tables and the bar and pie charts

contain no response answers, while the box plots do not. Likewise, the comments made by the

teachers during the test are not included. These are presented in Chapter 5 (see section 5.4.5).

F.1.2.1 Response rate

44 of 115 students completed the questionnaire (see Table F.1). This meant a response rate of

38.3% (1.8% higher than AdVisor 1.0). The response rate in Electric Circuit Analysis reached 39%

(41.9% in AdVisor 1.0) and 37.5% in Mathematics II (33.3% in AdVisor 1.0). As it has already been

argued in AdVisor 1.0 (see Appendix E.2.1), this response rate may be considered quite good.

F.1.2.2 Respondents’ profile

88.6% of the respondents were over 25 years old (see Figure F.1) and, in consequence, the number

of workers was high: 79.5% worked 20 or more hours, i.e. they had a full-time job (see Figure F.2).

Likewise, 84.1% had been enrolled in the UOC for three or more semesters (see Figure F.3).

As the courses which participated in the test belonged to the Bachelor’s Degree in Telecommu-

nications, there were more men than women. Specifically, 86.4% of the respondents were men.

As seen, it can be stated that the respondents’ profile matched that of typical online learners

(see section 2.4.1.1), except for the difference in the number of males and females.

F.1.2.3 Reliability of the results

The use of AdVisor 2.0 was mandatory for all the students during the semester. This allowed to

ensure that the respondents had used the platform in depth and, hence, their opinions were well-

founded. However, this was not enough to state that the results were reliable. Apart from the

compulsory use, the respondents had to be a representative sample of the potential end-users of

the system. In this regard, one of the aspects that allows to achieve a high degree of representa-

tiveness is the size of the sample, i.e. the more respondents fill out the questionnaire, the more

reliable the results will be. As for the test of AdVisor 2.0, 42 students filled out the questionnaire,

which meant a good response rate (38.3%). However, the size per se does not guarantee that the

Course Electric Circuit Analysis (.002) Mathematics II (.008)
Total

Language Catalan (19) Spanish (89) Total Catalan Spanish Total

#Students in the test 46 13 59 34 22 56 115

Number

of

respondents

#Male 14 8 22 9 7 16 38 (86.4%)

#Female 1 0 1 2 2 5 6 (13.6%)

Total
15 8 23 12 9 21 44

(32.6%) (61.5%) (39%) (35.3%) (41%) (37.5%) (38.3%)

Table F.1: AdVisor 2.0 – Breakdown of the participants.
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vi ni pi Pi

17-20 0 0% 0%

21-25 5 11.4% 11.4%

26-30 10 22.7% 34.1%

31-35 11 25% 59.1%

36-40 10 22.7% 81.8%

41-45 5 11.4% 93.2%

46-50 3 6.8% 100%

Older than 50 0 0% 100%

n = 44
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure F.1: AdVisor 2.0 – Respondents’ age ranges.

vi ni pi Pi

Out of a job 3 6.8% 6.8%

Part-time job (<20 hours) 6 13.6% 20.4%

Full-time job (≥20 hours) 35 79.5% 100%

n = 44
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure F.2: AdVisor 2.0 – Respondents’ type of job.

vi ni pi Pi

1 semester 2 4.5% 4.5%

2 semesters 5 11.4% 15.9%

3 semesters 5 11.4% 27.3%

4 or 5 semesters 21 47.7% 75%

More than 5 semesters 11 25% 100%

n = 44
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure F.3: AdVisor 2.0 – Number of semesters that the respondents had been enrolled in the UOC.
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sample is able to represent a target population accurately. In addition to the size, it is also essential

to select a sample which represents the target population in so far as it possesses all the features of

the population. As seen in section F.1.2.2, the respondents’ profile and the population’s one were

practically identical, except for the fact that most of those questioned were men.

With regard to the variables that could have affected the reliability of the results, these were

minimized as much as possible. For example, the inclusion of the discussion forums in this pro-

totype enabled the students to carry out the whole learning process without using the UOC class-

room. Students only had to use the UOC classroom in order to submit their solutions to the CAAs.

This action was done five times in Electric Circuit Analysis and four times in Mathematics II. As a

result, the extraneous variable of the test of AdVisor 1.0 was removed.

Finally, it is worth stressing that the generalization of the results may have been affected by the

fact that all the respondents were enrolled in courses which belonged to a technological degree.

In conclusion, despite the limitations of the sample, this was quite representative (and more

reliable than that of AdVisor 1.0) to gain an insight into the suitability of the recommendations

proposed in this thesis. Therefore, the results from AdVisor 2.0, along with those of AdVisor

1.0, provided a first validation of the suitability of the recommendations proposed in this thesis.

Likewise, these results laid the foundations for more research on this field, e.g. new experiments

with students from different degrees and universities.

F.1.2.4 To guide students through the course (recommendation B)

Recommendation B was evaluated by means of the same items as those of AdVisor 1.0: (1) orga-

nization based on sessions, (2) detailed activities, and (3) the assessment letter/fill pattern. In this

occasion, the Cronbach’s alpha coefficient was α = .673, i.e. practically α = .70. This result just

matched up with the threshold from which a scale is considered reliable. For this reason, it was an-

alyzed how much each of the three items affected the scale. The conclusion was that the inclusion

of the assessment letter/fill pattern was detrimental to the reliability of the scale in such a way that

if this item was removed, then the Cronbach’s alpha coefficient reached α = .782. Despite this, it

could be considered that the three items measured the same construct, i.e. the usefulness of the

guidance through the course (i.e. recommendation B).

With regard to the usefulness of the sessions (see Figure F.4), the MW test indicated that, un-

like AdVisor 1.0, there was not enough evidence to reject the null hypothesis and, hence, the two

groups had similar opinions (U = 216, Z = −.351, p = .726). In that occasion, the distribution

was multimodal (3, 4 and 5) and had the same median as AdVisor 1.0, i.e. 4 (useful ). 51.2% found

the organization based on sessions useful (4, 25.6%) or very useful (5, 25.6%). This figure reached

76.7% when the score 3 (neither useful nor useless, 25.6%) was included.

There was also agreement about the fact that the activities were detailed (MW test: U = 187.5,

Z = −1.067, p = .286). As shown in Figure F.5, 74.4% rated this feature with 3 (neither useful nor

useless, 18.6%) or higher , being 55.8% of the responses 4 (useful, 30.2%) or 5 (very useful, 25.6%).

Like in AdVisor 1.0, the median and the mode were 4 (useful, 30.2%).
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vi ni pi p∗
i Pi

1 - Not at all useful 2 4.5% 4.7% 4.7%

2 - Not very useful 8 18.2% 18.6% 23.3%

3 - Neither useful nor useless 11 25% 25.6% 48.8%

4 - Useful 11 25% 25.6% 74.4%

5 - Very useful 11 25% 25.6% 100%

No response 1 2.3%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart

1

1.5

2

2.5

3

3.5

4

4.5

5

(c) Box plot

Figure F.4: AdVisor 2.0 – Usefulness of having the course divided into sessions.

vi ni pi p∗
i Pi

1 - Not at all useful 2 4.5% 4.7% 4.7%

2 - Not very useful 9 20.5% 20.9% 25.6%

3 - Neither useful nor useless 8 18.2% 18.6% 44.2%

4 - Useful 13 29.5% 30.2% 74.4%

5 - Very useful 11 25% 25.6% 100%

No response 1 2.3%

n = 44
∑

pi = 100%
∑

pi = 100%

(a) Frequency table

(b) Bar chart

1

1.5

2

2.5

3

3.5

4

4.5

5

(c) Box plot

Figure F.5: AdVisor 2.0 – Usefulness of having the activities detailed.
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vi

Assessment letter / fill pattern

ni pi p∗
i Pi

1 - Not at all useful 1 2.3% 2.5% 2.5%

2 - Not very useful 3 6.8% 7.5% 10%

3 - Neither useful nor useless 12 27.3% 30% 40%

4 - Useful 19 43.2% 47.5% 87.5%

5 - Very useful 5 11.4% 12.5% 100%

I did not know it 3 6.8%

I did not use it 1 2.3%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart

1

1.5

2

2.5

3

3.5

4

4.5

5

(c) Box plot

Figure F.6: AdVisor 2.0 – Usefulness of the assessment letter/fill pattern.

Although the overall rates of the previous two items were good, they were lower than those

of AdVisor 1.0 (61.9% rated both features 4 or 5). A possible reason for this decrease was given

by a comment of a student from Mathematics II. This remark said that the activities had been

divided too much and, hence, the degree of detail had been excessive. Actually, according to this

comment, the excess of detail had made the students get lost. This problem of instructional design

may have affected the evaluation of both the session and the division of the activities. Likewise, it

is important to take account of the fact that a significant proportion of online students organize

their learning process based on CAAs (see section D.2.4) and, hence, sessions are not useful to

them. Therefore, the percentage of respondents (around 25%) that found both items not at all

useful (score = 1) or not very useful (score = 2) could be considered acceptable.

As for the assessment letter (fill pattern in the Gantt chart), there was consensus too (MW test:

U = 137.5, Z = −1.707, p = .088). Moreover, this was evaluated better in AdVisor 2.0 than in

AdVisor 1.0. As shown in Figure F.6, 60% (16% better than AdVisor 1.0) thought that this item had

been useful (4, 47.5%) or very useful (5, 12.5%). The median and the mode were 4 (useful ), instead

of 3 (neither useful nor useless). Moreover, the percentage of 1 (not at all useful, 2.5%) and 2 (not

very useful, 7.5%) was 10% (AdVisor 1.0: 26.8%), being the score 1 an outlier value (see Figure F.6c).

In short, despite the aforesaid problem and the consequent results, it could be concluded that

the guidance through the course (i.e. recommendation B) had been found useful by the respon-

dents. The main reason for this was that, for each item, the percentage of the responses equal or

greater than 3 (neither useful nor useless) was: 76.7%, 74.4% and 90%, respectively, being at least

51% of the responses equal to 4 (useful ) or 5 (very useful ).
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vi
Status color

ni pi Pi

1 - Not at all useful 2 4.5% 4.5%

2 - Not very useful 1 2.3% 6.8%

3 - Neither useful nor useless 7 15.9% 22.7%

4 - Useful 18 40.9% 63.6%

5 - Very useful 16 36.4% 100%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart

1
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3.5
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4.5

5

(c) Box plot

Figure F.7: AdVisor 2.0 – Usefulness of the status color.

F.1.2.5 To provide self-awareness (recommendation C)

Recommendation C was measured by means of six items: (1) the status color, (2) the dashboard as

a whole, (3) the dashboard’s agenda area, (4) the dashboard’s pace area, (5) the dashboard’s assess-

ment area, and (6) the dashboard’s forums area. The Cronbach’s alpha coefficient was α = .906.

This indicated that the previous six elements measured the usefulness of providing information

that helps students to be aware of their learning process.

As for the status color, there was consensus between the two groups (MW test: U = 182, Z =

−1.491, p = .136). Although the mode was lower than that of AdVisor 1.0, 4 (useful ) instead of 5

(very useful ), this feature was globally evaluated more positively in this prototype: 77.3% of the

respondents rated the status color useful (4, 40.9%) or very useful (5, 36.4%) compared to 66% of

AdVisor 1.0. The median, in turn, was the same as that of the previous prototype, i.e. 4 (useful ).

This excellent result could even have been considered better due to two facts: (1) the 3 people

(6.8%) who found the status color useless (i.e. scores 1 and 2) were outliers (see the box plot of

Figure F.7), and (2) in addition to obtaining a high score, the opinion of the two groups was quite

unanimous as evidenced by the IQR of the distribution, which was 1 (the IQR was 2 in AdVisor 1.0).

As seen in all the prototypes of AdVisor, the dashboard was the closest element to self-awareness

(i.e. recommendation C ). For that reason, this was evaluated once again. First of all, the respon-

dents were asked to evaluate the dashboard as a whole. In this regard, according to the MW test,

there were not enough evidence to state that the two groups had a different opinion about this ele-

ment (U = 203, Z = −.940, p = .347). As shown in the box plot of Figure F.8, the distribution of the

responses was left-skewed, its variability was low (IQR=1) and the respondents who rated 1 (not at

all useful ) were outliers. Likewise, the frequency table and the bar chart show that 81.8% of the

respondents rated the dashboard 3 (fair, 29.5%) or higher (AdVisor 1.0: 82.9%). Just like AdVisor

1.0, the mode and the median were 4 (good, 34.1%). As seen, the dashboard was evaluated in a
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vi
Dashboard Agenda Pace Assessment Forums

ni (pi) Pi ni (pi) Pi ni (pi) p∗i Pi ni (pi) Pi ni (pi) Pi

1 - Very poor 2 (4.5%) 4.5%% 4 (9.1%) 9.1% 5 (11.4%) 11.6% 11.6% 1 (2.3%) 2.3% 1 (2.3%) 2.3%

2 - Poor 6 (13.6%) 18.2% 9 (20.5%) 29.5% 8 (18.2%) 18.6% 30.2% 3 (6.8%) 9.1% 7 (15.9%) 18.2%

3 - Fair 13 (29.5%) 47.7% 11 (25%) 54.5% 12 (27.3%) 27.9% 58.1% 17 (38.6%) 47.7% 10 (22.7%) 40.9%

4 - Good 15 (34.1%) 81.8% 8 (18.2%) 72.7% 8 (18.2%) 18.6% 76.7% 13 (29.5%) 77.3% 10 (22.7%) 63.6%

5 - Very good 8 (18.2%) 100% 12 (27.3%) 100% 10 (22.7%) 23.3% 100% 10 (22.7%) 100% 16 (36.4%) 100%

No response 0 (0%) 0 (0%) 1 (2.3%) 0 0% 0 0%

n = 44 100% n = 44 100% n = 44 100% n = 44 100% n = 44 100%

(a) Frequency table

(b) Bar chart
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Dashboard Agenda Pace Assessment Forums

(c) Box plot

Figure F.8: AdVisor 2.0 – Evaluation of the dashboard and its information areas.

similar way in the three prototypes and very positively, which suggested that the dashboard had

been really useful to the students.

Besides evaluating the dashboard as a whole, each of its information areas were evaluated in-

dividually too (see Figure F.8). In this prototype, the four areas were assessed. In this regard, the

opinion of the two groups was similar in each of the four information areas (MW test-agenda:

U = 213.5, Z = −.675, p = .500; MW test-pace: U = 175, Z = −1.395, p = .163; MW test-

assessment: U = 188, Z = −1.321, p = .186; MW test-forums: U = 212.5, Z = −.709, p = .479).

Regarding the agenda area, according to the box plot of Figure F.8c, the opinion of the respon-

dents was very scattered, since the IQR was 3. Due to this variability, the median was 3 (fair, 25%)

and the mode was 5 (very good, 27.3%). However, the result was good because 70.5% of the re-

spondents rated it 3 (fair) or higher (AdVisor 1.0: 79.4%).

As for the pace area, the median and the mode were 3 (fair, 27.9%). The distribution of the

responses was approximately symmetric. 69.8% rated it 3 (fair) or higher (AdVisor 1.0: 87.5%).

As observed, the usefulness of the this area was surprisingly low in comparison with the previous

prototype. From the questionnaire, no explanation could be found.

With regard to the assessment area, the variability was low (IQR=1). 90.9% of the respondents

found it fair (3, 38.6%) or better (AdVisor 1.0: 87.5%). The most chosen score was 3 (fair, 2.3%),

whereas the median was 4 (good, 29.5%). Moreover, the responses with value 1 (very poor) were

outliers (see Figure F.8c). This result proved that having information about the assessment was

very important to the learners.

The fourth area, i.e. the one related to the discussion forums, obtained a mode equal to 5 (very

good, 36.4%) and a median equal to 4 (good, 22.7%), being 81.8% of the responses equal or greater

than 3 (fair, 22.7%). Nevertheless, it is needed to be cautious about this result because it is highly

probable that the large number of forums that AdVisor 2.0 had (i.e. one forum per activity) may
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vi ni pi Pi

1 - Nothing 2 4.5% 4.5%

2 - Little 4 9.1% 13.6%

3 - Normal 8 18.2% 31.8%

4 - Quite a lot 19 43.2% 75%

5 - A great deal 11 25% 100%

No response 0 0%

n = 44
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.9: AdVisor 2.0 – To what extent the platform helped the respondents to be aware of their situation

in the course.

have implied the strong necessity (and usefulness) of having this information area.

Besides the evaluation, the respondents could write any comment to improve the dashboard.

In this regard, some of the positive remarks were: “I think that it is very visual and you can see

all the information at a glance” and “it is perfect, above all, the pace area which encourages one

to follow the proposed schedule”. By contrast, some of the complaints were: ”I missed a sum-

mary which only indicated the graded activities”, “to highlight the current CAA and activity” and

“to be able to go to the general forum though there are no messages to read”. As for the potential

improvements, the respondents suggested “the possibility of choosing the content of each infor-

mation area” and “to display the percentage of the table of contents that has been finished”.

Finally, to guarantee the suitability of recommendation C (i.e. to provide self-awareness), the

respondents were explicitly asked: “to what extent did AdVisor help you to be aware of your situ-

ation in the course?” (MW test: U = 175.5, Z = −1.637, p = .102). When this new question was

added to the previous six items, the Cronbach’s alpha coefficient reached α = .913. As shown in

Figure F.9, the mode was 4 (quite a lot, 43.2%), followed by the values 5 (a great deal, 25%) and 3

(normal, 18.2%). This meant that 68.2% of the respondents stated that AdVisor 2.0 had helped

them to be aware of their learning process significantly (i.e. scores equal 4 and 5). Or, in other

words, only 13.6% of the respondents thought that AdVisor 2.0 had not helped them to be self-

aware (i.e. values 1 and 2). Moreover, as shown in the box plot, the distribution of the responses

was left-skewed with IQR and median equal to 1.5 and 4, respectively. This result, taken in con-

junction with the previous ones of the status color and the dashboard, suggested that AdVisor 2.0

had helped the students to be aware of their own learning process and, consequently, it could be

stated that recommendation C was suitable for online education.
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F.1.2.6 To provide tools that help students to be self-regulated (rec. B and C)

The Cronbach’s alpha coefficient of the items related to recommendations B and C was α = .915.

This implied that all those items measured the same underlying construct: the usefulness of the

elements that support self-regulation. In this regard, two more questions linked to this concept

were asked: (1) “how useful was the option of marking an activity as complete?”, and (2) “to what

extent did AdVisor help you to self-regulate your learning process?”. When these two aspects were

taken into account, the previous Cronbach’s alpha coefficient reached α = .932.

As for the feature that enabled to mark the completion of an activity/session (see Figure F.10),

the two groups, in contrast to AdVisor 1.0, shared the same opinion (MW test: U = 222.5, Z =

−.189, p = .850). Moreover, the distribution of their responses was left-skewed. More specifically,

30.2% rated this feature 5 (very useful ), becoming the mode. This score was followed by the value

4 (useful ), which was the median with 27.9% of the responses. As a result, 58.1% believed that this

feature was useful (4, 27.9%) or very useful (5, 30.2%) (AdVisor 1.0: 61.9%). This figure reached

81.4% when the value 3 (neither useful nor useless, 23.3%) was included (AdVisor 1.0: 80.9%).

Likewise, as shown in Figure F.11 (MW test: U = 227.5, Z = −.344, p = .731), over 56% of

the respondents found that the platform had helped them to be self-regulated in a significant

way (scores 4 and 5). This figure meant an increase of the 16 percent in comparison to that of

the previous prototypes. Unlike Advisor 0.0 and 1.0, in this occasion, the mode and the median

were 4 (quite a lot, 40.9%), instead of 3 (normal ). Moreover, although 22.8% of the respondents

scored 1 (nothing) or 2 (little), all the responses with value 1 (nothing, 11.4%) could have been

considered exceptional (see the box plot of Figure F.11). Likewise, the variability of the responses

was low (IQR=1), which was the same value as that of AdVisor 0.0 and better than that of AdVisor

1.0. Hence, the result was good since around 77% of the responses were 3 (normal, 20.5%) or

greater. Finally, all the items of recommendations B and C correlated moderately or strongly with

the extent of support of AdVisor 2.0 for self-regulation of the learning process (see Table F.2).

As seen, most of the items linked to self-regulated learning were evaluated positively. Thus, it

could be concluded that AdVisor 2.0 had helped the students to regulate their learning process.

Session
Detailed Assessment

Status color Dashboard
Marking

activities letter completion

AdVisor

helped to
ρ = .781** ρ = .739** ρ = .356* ρ = .446** ρ = .594** ρ = .734**

self-regulate (Strong)† (Strong)† (Weak moderate) (Moderate) (Moderate) (Strong)†

* Significant correlation at 5% level of significance.
** Significant correlation at 1% level of significance.
† Better result than that of AdVisor 1.0.

Table F.2: AdVisor 2.0 - Spearman’s correlation coefficient between the extent of support of the

platform for self-regulation of the learning process and each of the features related to it.
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vi ni pi p∗
i Pi

1 - Not at all useful 1 2.3% 2.3% 2.3%

2 - Not very useful 7 15.9% 16.3% 18.6%

3 - Neither useful
10 22.7% 23.3% 41.9%

nor useless

4 - Useful 12 27.3% 27.9% 69.8%

5 - Very useful 13 29.5% 30.2% 100%

No response 1 2.3%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.10: AdVisor 2.0 – Usefulness of being able to mark an activity as complete.

vi ni pi Pi

1 - Nothing 5 11.4% 11.4%

2 - Little 5 11.4% 22.8%

3 - Normal 9 20.5% 43.2%

4 - Quite a lot 18 40.9% 84.1%

5 - A great deal 7 15.9% 100%

No response 0 0%

n = 44
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.11: AdVisor 2.0 – To what extent AdVisor helped to self-regulate the students’ learning process.
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F.1.2.7 To promote social interaction (recommendation D)

This section focuses on evaluating three of the features that the forums of AdVisor 2.0 had. The

first question asked about the usefulness of having a discussion forum per activity (see Figure F.12).

Regarding this question, there was no evidence to state that both groups had a different opinion

(MW test: U = 164, Z = −1.658, p = .097). However, the IQR (= 2) indicated that there was variability

in the opinions. Even so, the distribution was clearly left-skewed. More specifically, 79.1% of the

respondents scored this organization of the forums with 3 (neither useful nor useless, 20.9%) or

a greater value. In this regard, 58.1% found the use of one forum per activity useful (4, 27.9%,

median) or very useful (5, 30.2%, mode). This could be considered a very good result, since this

organization of the forums was totally new to the students.

As a new forum was developed from scratch, two items were specially created for the students:

• Like-it button: each message had this button which allowed a student to express that she

liked, enjoyed or supported the content of that message. When the learner clicked on the

button, a counter increased and she could not click again. Thanks to this button, any student

was able to know how many classmates liked that message.

• Highlight: the teacher could label a message as important so that their students saw a star

beside the message. This meant that the learners had to pay attention to that message.

They both were evaluated in the questionnaire (see Figure F.13). In this regard, the respondents

from Electric Circuit Analysis and Mathematics II had similar opinions regarding these two func-

tionalities (MW test-like-it button: U = 199.5, Z = −.257, p = .797; MW test-highlight: U = 163.5,

Z = −.383, p = .702). Before analyzing the responses, it is important to stress that these two items

had not been used too much. Thus, the results had to be interpreted with prudence.

As for the like-it button, 39% did not find it useful (i.e. scores 1 and 2). However, the mode was

4 (useful, 31.7%). This disparity in the opinions was reflected in the fact that the IQR was 2 and the

median was 3 (neither useful nor useless, 20.5%). In consequence, the only conclusion that could

be drawn was that this element would have to be studied in-depth in the future, because the result

was not conclusive enough.

With regard to having the important messages highlighted, the respondents found this func-

tionality much more useful than the like-it button. 81.6% rated it 3 (neither useful nor useless,

31.6%) or higher . The distribution was multimodal (3 and 4) and its median was 3.5.

From the previous results, it could be concluded that the use of a forum per activity was useful

to the respondents. However, the two items related to social interaction obtained different results.

On the one hand, the fact that the important messages had been highlighted by the teacher was

found helpful. On the other hand, although the literature indicates that interaction between the

classmates is a success factor in online education (see section 2.4.1.2), the like-it button did not

have a good evaluation. This may have been due to the lack of promotion of this element during

the test.

Given that the results, especially those of the two functionalities, were not conclusive enough,

more research would have to be done in future so that well-founded conclusions could be drawn.
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vi ni pi p∗i Pi

1 - Not at all useful 4 9.1% 9.3% 9.3%

2 - Not very useful 5 11.4% 11.6% 20.9%

3 - Neither useful nor useless 9 20.5% 20.9% 41.9%

4 - Useful 12 27.3% 27.9% 69.8%

5 - Very useful 13 29.5% 30.2% 100%

No response 1 2.3%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.12: AdVisor 2.0 – Usefulness of having a forum per activity.

vi

Like-it Highlight

ni pi p∗
i Pi ni pi p∗

i Pi

1 - Not at all useful 4 9.1% 9.8% 9.8% 3 6.8% 7.9% 7.9%

2 - Not very useful 12 27.3% 29.3% 39% 4 9.1% 10.5% 18.4%

3 - Neither useful
9 20.5% 22% 61% 12 27.3% 31.6% 50%

nor useless

4 - Useful 13 29.5% 31.7% 92.7% 12 27.3% 31.6% 81.6%

5 - Very useful 3 6.8% 7.3% 100% 7 15.9% 18.4% 100%

No response 3 6.8% 6 13.6%

n = 44
∑

pi = 100%
∑

p∗i = 100% n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.13: AdVisor 2.0 – Usefulness of the functionalities like-it and highlight.
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F.1.2.8 To provide multiple views of the course (recommendations G and A)

Next, the results of all the questions related to recommendation G (i.e. provision of multiple views)

are analyzed. Like in the previous test, the analysis is divided into two categories:

.
• Usefulness of having multiple views

• Use of each view

Next, the results of each category are presented.

Usefulness of having multiple views

First of all, it was asked the respondents to evaluate the usefulness that AdVisor 2.0 had provided

them with multiple views of the course (see Figure F.14). According to the MW test, there was

consensus between the two groups (U = 194.5, Z = −1.201, p = .230) and, moreover, the opinion

was quite unanimous (IQR=1). The questionnaire revealed that only 13.6% of the respondents

found the provision of multiple views useless (i.e. scores 1 and 2), being those who answered with

the value 1 (not at all useful, 6.8%) outliers (see Figure F.14c). By contrast, 34.1% stated that the

organization of the course into multiple views was useful (4, 20.5%) or very useful (5, 13.6%). This

meant that the score 3 (neither useful nor useless, 52.3%) was very high, becoming the mode and

the median. Thus, it could be concluded that the evaluation of the provision of multiple views

was neutral to good.

Likewise, as seen in section 5.4.2.2, all the views of AdVisor 2.0 were linked to the learning

activities. This way of structuring the information was evaluated too (see Figure F.15). The two

groups agreed about this aspect (MW test: U = 203, Z = −.680, p = .497) with IQR equal to 1.

81.3% rated it 3 (neither useful nor useless, 30.2%) or higher . The mode was 3 and the median was

4 (useful, 27.9%). Moreover, the respondents who chose the score 1 (not at all useful, 4.7%) were

outliers. Hence, the connection between the information spaces through the learning activities

was found suitable.

Finally, one of the goals of providing multiple views was to avoid that the students only paid

attention to continuous assessment assignments (CAAs), i.e. the mandatory activities. For that

reason, it was asked to what extent AdVisor 2.0 had helped the respondents to have an overview of

the course beyond the learning activities and the CAAs (see Figure F.16). The respondents of the

two groups agreed (U = 183.5, Z = −1.425, p = .154) and the variability of their responses was low

(IQR=1). 61.4% stated that AdVisor 2.0 had achieved this objective successfully (i.e. scores 4 and

5), being the mode and the median equal to 4 (quite a lot, 40.9%). Moreover, the score 1 (nothing,

9.1%) could have be considered an exceptional value (see the box plot of Figure F.16). These results

were quite good, since a lot of learners usually study according to the deadlines of the CAAs (as an

example, see the study habits of the respondents of AdVisor 0.0 in section D.2.4).
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vi ni pi Pi

1 - Not at all useful 3 6.8% 6.8%

2 - Not very useful 3 6.8% 13.6%

3 - Neither useful nor useless 23 52.3% 65.9%

4 - Useful 9 20.5% 86.4%

5 - Very useful 6 13.6% 100%

No response 0 0%

n = 44
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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5

(c) Box plot

Figure F.14: AdVisor 2.0 – Usefulness of having multiple views of the course.

vi ni pi p∗i Pi

1 - Not at all useful 2 4.5% 4.7% 4.7%

2 - Not very useful 6 13.6% 14% 18.7%

3 - Neither useful nor useless 13 29.5% 30.2% 48.8%

4 - Useful 12 27.3% 27.9% 76.7%

5 - Very useful 10 22.7% 23.3% 100%

No response 1 2.3%

n = 44
∑

pi = 100%
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.15: AdVisor 2.0 – Usefulness of the fact that the information spaces were intertwined by means of

the learning activity.
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vi ni pi Pi

1 - Nothing 4 9.1% 9.1%

2 - Little 5 11.4% 20.5%

3 - Normal 8 18.2% 38.6%

4 - Quite a lot 18 40.9% 79.5%

5 - A great deal 9 20.5% 100%

No response 0 0%

n = 44
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.16: AdVisor 2.0 – To what extent AdVisor helped the respondents to have an overall overview of

the course beyond the activities and CAAs.

Use of each view

Unlike AdVisor 1.0, the respondents of AdVisor 2.0 had to rank the views from the most used to

the least. Thereby, it was possible to create a more exhaustive ranking. As seen in Figure F.17, the

Gantt chart was the most used view as evidenced by the large number of respondents that chose

the option 1st most used, i.e. 50%. This view held the same position as that of AdVisor 1.0.

The second and third positions were for the list that contained activities and the resources

(mode = 2nd and 3rd ; median = 3rd ) and the view related to the assessment (mode = 2nd ; median

= 3rd ), respectively. As said in section 5.4.2.3, the former simple list used in AdVisor 1.0 was divided

into these two views. As the extinct simple list was the second most used view (see section E.2.7),

the positions of the two new views accorded with the one of AdVisor 1.0’s simple list.

As for the new view, the one linked to the forums, was the fourth most used (mode = median =

3rd ). This may have been due to the fact that forums are a key element in online learning.

Finally, just like in AdVisor 1.0, the treeview and the elastic list were the least used views, fifth

and sixth respectively. Although both views obtained a mode of 5th, the treeview had a median of

4rd and the elastic list got a median of 5th.

Conclusions

From the previous results, it was reaffirmed that recommendation G were suitable for online ed-

ucation. Firstly, only less than 14% of the respondents did not find useful to have multiple views of

a course. This suggested that this feature, which affects the information structure, was interesting

for the online students. Moreover, the fact that the activities were the core of the structure and the
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vi
Gantt chart Activities and resources Assessment Forums Treeview Elastic list

ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi

The most used 22 (50%) 50% 6 (13.6%) 13.6% 5 (11.4%) 11.4% 6 (13.6%) 13.6% 2 (4.5%) 4.5% 3 (6.8%) 6.8%

2nd most used 3 (6.8%) 56.8% 12 (27.3%) 40.9% 12 (27.3%) 38.6% 8 (18.2%) 31.8% 6 (13.6%) 18.2% 3 (6.8%) 13.6%

3rd most used 0 (0%) 56.8% 12 (27.3%) 68.2% 9 (20.5%) 59.1% 10 (22.7%) 54.5% 7 (15.9%) 34.1% 6 (13.6%) 27.3%

4th most used 4 (9.1%) 65.9% 8 (18.2%) 86.4% 7 (15.9%) 75% 8 (18.2%) 72.7% 8 (18.2%) 52.3% 9 (20.5%) 47.7%

5th most used 5 (11.4%) 77.3% 4 (9.1%) 95.5% 5 (11.4%) 86.4% 5 (11.4%) 84.1% 12 (27.3%) 79.5% 13 (29.5%) 77.3%

The least used 10 (22.7%) 100% 2 (4.5%) 100% 6 (13.6%) 100% 7 (15.9%) 100% 9 (20.5%) 100% 10 (22.7%) 100%

n = 44 n = 44 n = 44 n = 44 n = 44 n = 44

(a) Frequency table

(b) Bar chart

1
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4

5

6

Gantt chart Activ−Res Assessment Forums Treeview Elastic list

(c) Box plot

Figure F.17: AdVisor 2.0 – Usage of each of the views provided.

common item between the information spaces was also rated positively. Likewise, according to

the respondents, the multiple views had helped, to some extent, to have an overview of the course

beyond the activities and CAAs. Nevertheless, it could be observed that the respondents of AdVisor

1.0 and 2.0 had used the views in a similar way, being clearly the most used ones those which were

linked to the schedule and the assessment.

Likewise, the fact that the forums view had been more used than the treeview and the elastic

list confirmed what the literature states: social interaction is important in online education. In

other words: forums are a key element in a VLE and, therefore, these platforms should promote

social interaction (i.e. recommendation D).

By contrast, the elastic list (linked to the competences and objectives) had been the least used

view again. Therefore, it could be concluded that recommendation A (i.e. to define competences

and objectives clearly) did not accord with the habits/preferences of online students yet .

Finally, the set of views offered by AdVisor 2.0 seemed to be quite complete, since none of the

learners suggested adding or removing some view.

F.1.2.9 Usability (recommendations I-M)

Before detailing the results, it is important to stress that, although Chapter 4 recommended five

usability recommendations, it was not carried out an individual evaluation for each. Instead, a

global evaluation of the usability of AdVisor 2.0 was conducted. The results can be divided into:

.

• Usefulness of different elements of the interface

• Ease of use of each view

• Usability of the whole platform
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vi

Tooltip Page divided into two sections Arrow button

ni (pi) p∗
i Pi ni pi Pi ni (pi) p∗

i Pi

1 - Not at all useful 1 (2.3%) 2.4% 2.4% 1 2.3% 2.3% 1 (2.3%) 2.5% 2.5%

2 - Not very useful 2 (4.5%) 4.8% 7.1% 5 11.4% 13.6% 4 (9.1%) 10% 12.5%

3 - Neither useful
14 (31.8%) 33.3% 40.5% 8 18.2% 31.8% 8 (18.2%) 20% 32.5%

nor useless

4 - Useful 21 (47.7%) 50% 90.5% 22 50% 81.8% 21 (47.7%) 52.5% 85%

5 - Very useful 4 (9.1%) 9.5% 100% 8 18.2% 100% 6 (13.6%) 15% 100%

I did not know it 1 (2.3%) 0 0% 4 (9.1%)

I did not use it 1 (2.3%) 0 0% 0 (0%)

n = 44
∑

p∗i = 100% n = 44
∑

pi = 100% n = 44
∑

p∗i = 100%

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.18: AdVisor 2.0 – Usefulness of the tooltip, the page divided into two sections and the arrow button

for showing/hiding the description area.

Usefulness of different elements of the interface

Three elements of the interface were evaluated in terms of usefulness: (1) the tooltip, (2) the

workspace divided into sections (i.e. navigation and activity areas), and (3) the arrow button that

enabled to show/hide the activity area (see Figure F.18).

According to the MW test, there was not evidence to reject the null hypothesis and to prove that

the respondents of the two groups had different opinions regarding these items (MW test-tooltip:

U = 216.5, Z = −.110, p = .912; MW test-division: U = 222, Z = −.494, p = .622; MW test-arrow:

U = 173.5, Z = −.725, p = .468). Moreover, as evidenced by the distribution shown in Figure

F.18c, the evaluation of the three elements was quite similar. In fact, they three obtained the same

mode and median, i.e. 4 (useful, around 50%). Likewise, the percentage of bad scores (i.e. 1 and

2) was low in the three cases: 7.1%, 13.6% and 12.5%, respectively. In addition to being low figures,

the responses equal to 1 (not at all useful ) were exceptional values in the three cases. As a result, it

could be considered that the three elements had been suitable and helpful.

Ease of use of each view

Like in AdVisor 1.0, the questionnaire asked the respondents to evaluate the usability of each view

by using a 5-point Likert scale (see Figure F.19). From the results, a ranking was created.

According to the respondents (MW test: U = 192.5, Z = −1.22, p = .222), the most usable view

was the one that displayed the CAAs or, in other words, the view which was related to assessment.

The median and the mode were 4 (usable, 45.5%), being the score 1 an exceptional value. 81.8%



F.1. Questionnaire 267

vi
Assessment Gantt chart Activities & resources

ni (pi) Pi ni (pi) p∗
i Pi ni (pi) Pi

1 - Not at all usable 1 (2.3%) 2.3% 2 (4.5%) 4.8% 4.8% 3 (6.8%) 6.8%

2 - Not very usable 7 (15.9%) 18.2% 6 (13.6%) 14.3% 19% 10 (22.7%) 29.5%

3 - Neither usable 9 38.6% 14 33.3% 52.4% 9 50%

nor unusable (20.5%) (31.8%) (20.5%)

4 - Usable 20 (45.5%) 84.1% 14 (31.8%) 33.3% 85.7% 16 (36.4%) 86.4%

5 - Very usable 7 (15.9%) 100% 6 (13.6%) 14.3% 100% 6 (13.6%) 100%

No response 0 (0%) 2 (4.5%) 0 (0%)

n = 44 n = 44 n = 44

(a) Frequency table

vi

Forums Elastic list Treeview

ni (pi) Pi ni (pi) p∗
i Pi ni (pi) p∗

i Pi

1 - Not at all usable 2 (4.5%) 4.5% 1 (2.3%) 2.5% 2.5% 1 (2.3%) 2.3% 2.3%

2 - Not very usable 9 (20.5%) 25% 11 (25%) 27.5% 30% 13 (29.5%) 30.2% 32.6%

3 - Neither usable 15 59.1% 14 35% 65% 17 39.5% 72.1%

nor unusable (34.1%) (31.8%) (38.6%)

4 - Usable 12 (27.3%) 86.4% 12 (27.3%) 30% 95% 9 (20.5%) 20.9% 93%

5 - Very usable 6 (13.6%) 100% 2 (4.5%) 5% 100% 3 (6.8%) 7% 100%

No response 0 (0%) 4 (9.1%) 1 (2.3%)

n = 44 n = 44 n = 44

(b) Frequency table (continued)

(c) Bar chart
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Assessment Gantt chart Activ−Res Forums Elastic list Treeview

(d) Box plot

Figure F.19: AdVisor 2.0 – Usability of each of the views provided.

rated the usability of this view neither usable nor unusable (3, 20.5%) or higher .

Thanks to the improvements which were added to this prototype, the second most usable view

was the Gantt chart (MW test: U = 210.5, Z = −.211, p = .833). The distribution was multimodal

(3 and 4) and its median was 3 (neither usable nor unusable, 33.3%). Moreover, the box plot of

Figure F.19 indicates that the two people who rated 1 (not at all useful, 4.8%) could have been con-

sidered outliers. In short, the evaluation of the usability of the Gantt chart was definitively better in

AdVisor 2.0 than in AdVisor 1.0. Such was the case that 80.9% found its usability 3 (neither usable

nor unusable) or better (AdVisor 1.0: 73.2%).

The respondents gave the third place to the view that showed activities and resources (MW

test: U = 205, Z = −.890, p = .374). Its representation was the same as that of AdVisor 1.0’s

simple list (except for small improvements) and the results were practically identical (see section

E.2.8): the median was 3.5, the mode was 4 (usable, 36.4%) and 50% of the respondents found this

view usable (4, 36.4%) or very usable (5, 13.6%). However, in this occasion, the dispersion of the

responses (IQR=2) was higher than that of AdVisor 1.0 (IQR=1) and more responses equal to 2 (not

very usable, 22.7%) were obtained. Even so, the usability of this view was acceptable.
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The rest of the views (i.e. forums, elastic list and treeview) obtained the same median and

mode: 3 (neither usable nor unusable). However, as evidenced by the box plot of Figure F.19d, the

forums view (MW test: U = 161.5, Z = −1.95, p = .051) was scored better than the other two. To

sum up, 75% rated its usability 3 (neither usable nor unusable, 34.1%) or higher .

As for the elastic list (U = 195, Z = −.128, p = .898) and the treeview (U = 196, Z = −.896,

p = .370), their box plots were identical (see Figure F.19d), being the responses of the elastic list

slightly better. Compared to the results of AdVisor 1.0, the percentage of students that rated the

elastic list 3 (neither usable nor unusable) or greater was practically identical (AdVisor 1.0: 69.2%;

AdVisor 2.0: 70%), while that of the treeview was worse (AdVisor 1.0: 75%; AdVisor 2.0: 67.4%).

At this point, it is worth stressing that it was surprising that the treeview went from the second

position in the previous prototype to the last one in this version. However, this did not have to

be attributed to the worsening of the usability of the treeview, since this view was evaluated in

AdVisor 1.0 and 2.0 in a similar way, but to the improvement of the rest of the views, specially the

Gantt chart. One possible cause of this improvement may have been the use of elements which

were found useful, such as the tooltip.

In conclusion, the usability of the views was, in general, considered acceptable. In some views,

the appraisal of the usability was even better than in the previous prototype.

Usability of the whole platform

Besides studying the usability of each of the views, it is also important to evaluate certain aspects

that affect the usability of an application. In this regard, it was used a scale that was made up of six

items and whose Cronbach’s alpha was α = .841 (see Figure F.20).

First of all, a short learning curve is one of the goals that any tool must have. In this regard,

the questionnaire showed that 59.1% of the respondents agreed (4, 38.6%) or strongly agreed (5,

20.5%) about the fact that AdVisor 2.0 had a quick learning curve (MW test: U = 226.5, Z =

−.367, p = .714). This aspect actually obtained a median and a mode of 4 (agree, 38.6%). However,

29.6% expressed that learning to use AdVisor 2.0 had been hard (scores 1 and 2). Thus, the interface

would have to be improved to be more intuitive and, consequently, faster to learn.

Likewise, the respondents were asked if the navigation through AdVisor had been so easy that it

had been difficult to get lost. The two groups had similar opinions (MW test: U = 183, Z = −1.426,

p = .154). However, there were a large number of responses in each of the ends of the scale. In fact,

the mode was 2 (disagree, 34.1%), followed by the value 4 (agree, 29.5%). This variability is shown

in Figure F.20c by means of the IQR, which was 2, and the median, which was 3 (neutral, 13.6%).

More specifically, 43.2% indicated that the navigation had been complex (values 1 and 2), while

43.2% said this had been easy (scores 4 and 5). Given the aforesaid results, it could be concluded

that the respondents found the navigation through the platform normal to difficult .

Related to the previous aspect, the respondents disagreed about if few clicks had been required

to find something (MW test: U = 147, Z = −2.3, p = .021). In this occasion, more students from

Mathematics II (57.1%) than from Electric Circuit Analysis (30.4%) pointed out that too many clicks

had been needed to find a specific activity or information. In general, 43.2% of the respondents
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Aspect
1 - Strongly 2 - 3 - 4 - 5 - Strongly

disagree Disagree Neutral Agree agree

Learning to use the platform is fast 4 (9.1%) 9 (20.5%) 5 (11.5%) 17 (38.6%) 9 (20.5%)

It is is easy to navigate without getting lost 4 (9.1%) 15 (34.1%) 6 (13.6%) 13 (29.5%) 6 (13.6%)

You find what you are looking for fast 4 (9.1%) 15 (34.1%) 10 (22.7%) 11 (25%) 4 (9.1%)

The design and the layout allow to see the
2 (4.5%) 11 (25%) 17 (38.6%) 7 (15.9%) 7 (15.9%)

important information at a glance

The visual style is suitable 3 (6.8%) 10 (22.7%) 12 (27.3%) 13 (29.5%) 6 (13.6%)

Response time is good 4 (9.1%) 8 (18.2%) 12 (27.3%) 11 (25%) 9 (20.5%)

(a) Frequency table

(b) Bar chart
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(c) Box plot

Figure F.20: AdVisor 2.0 – Usability of the whole platform.

considered that they had had to click a lot and, hence, finding something had not been a fast task.

As a result, the interface would have to be simplified, e.g. by adding shortcuts to the platform.

The questionnaire also revealed that 29.5% of those questioned (MW test: U = 208, Z = −.821,

p = .412) believed that the design and the layout of the interface had not helped them to see im-

portant information at a glance (scores 1 and 2). Because the interface maybe wanted to convey

too much information (e.g. type of assessment, activity status, etc.) simultaneously, the students

may have been overwhelmed by the large number of colors, icons, etc. that were shown. In this

regard, tooltips tried to minimize this problem, but they were enough. Even so, 38.6% did not con-

sider the design and the layout of the interface detrimental to see the most important information

at a glance (score = 3, mode and median) and 31.8% thought the interface had helped (scores 4

and 5). However, this did not mean the design and the layout would not have to be improved.

The aesthetic appearance of a platform is an important aspect that encompasses different el-

ements: font size, background color, icons, etc. With regard to AdVisor 2.0’s one, the two courses

were in agreement (MW test: U = 206.5, Z = −.848, p = .396). More specifically, the suitability of

the aesthetic of AdVisor 2.0 was rated 3 or higher by 70.5% of the respondents. The median was

3 (normal, 27.3%) and the mode was 4 (suitable, 29.5%). Nevertheless, around 30% expressed that

the visual style of the platform would have to be improved (scores 1 and 2).

Finally, it was asked about the response time of the platform (MW test: U = 172.5, Z = −1.664,

p = .096). 72.7% stated that the response time was normal (3, 27.3%, mode and median) or fast

(scores 4 and 5). This result was considered quite good, since, unlike the UOC campus which uses

several distributed servers, AdVisor 2.0 only used one server. Moreover, the appreciation of the

response time also depends on multiple factors: the server itself, the network traffic, user’s ADSL

speed and so on.
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In conclusion, the overall score of the usability of AdVisor 2.0 could be considered acceptable,

since the following aspects should be taken into consideration:

• As said in section 5.1, the development of the three prototypes mainly focused on those as-

pects related to pedagogy and information structure (i.e. recommendations A-H).

• AdVisor 2.0 was not a stable platform, but a prototype. As a result, it was obvious that it was

needed to spend more resources and time on its development, above all, in terms of usability.

• Users usually have a natural resistance to change and, in this case, most of the respondents

was used to using the UOC classroom, as evidenced by the fact that 84.1% of them had been

enrolled in the UOC for three or more semesters (see section D.2.2).

Despite the previous considerations, the usability of AdVisor should be improved in future,

because usability is one of the cornerstones of any application, including VLEs (see section 3.3).

F.1.2.10 Overall experience

In addition to evaluating each aspect of the platform separately, it was also important to know

the degree of satisfaction of the students with AdVisor 2.0 (see Figure F.21). In this regard, the

respondents from the two courses agreed (U = 233, Z = −.209, p = .835). 47.7% of them stated

that their overall experience had been good (4, 31.8%) or very good (5, 15.9%). The mode and the

median were 3 (fair, 36.4%). Although the median and the mode were worse than those of AdVisor

1.0 (median = mode (33.3%) = 4 = good ), only 15.9% of the respondents had had a bad (2, 11.4%)

or very bad (1, 4.5%) experience, being this figure lower than that of AdVisor 1.0 (26.2%). Moreover,

the dispersion of the distribution was also lower (AdVisor 1.0: IQR=2; AdVisor 2.0: IQR=1) and the

respondents who rated 1 (bad, 4.5%) were outliers. Therefore, the overall experience could be

considered satisfactory and even better than that of AdVisor 1.0.

Besides the global satisfaction of all the respondents, it was also important to know the results

for each course. Unlike AdVisor 1.0, the score of the responses in each course was quite unani-

mous (IQR=1). Nevertheless, as evidenced by the medians shown in the box plots of Figure F.21,

the respondents from Mathematics II (.008) had a better experience than those from Electric Cir-

cuit Analysis (.002). Actually, the responses of the group of Mathematics II were mostly 4 (good ) or

5 (very good ), whereas those of Electric Circuit Analysis were mainly 3 (fair). In conclusion, com-

pared to AdVisor 1.0, the percentage of respondents that had had a bad or very bad experience

was lower in each of the courses. This was obviously a good result.

Finally, the questionnaire asked if the respondents would use AdVisor 2.0 in other courses.

Regarding this question, there was consensus (MW test: U = 142.5, Z = −1.327, p = .184). In

general, the result was worse than that of AdVisor 1.0, since the number of affirmative responses

decreased 14.51%, i.e. from 69.05% in AdVisor 1.0 to 54.55% in AdVisor 2.0. But this did not mean a

bad result, because 14.51% of the responses that stopped being affirmative mainly went to the no

response option, which increased from 4.76% to 13.64% (+8.88%). The negative response, in turn,

only increased 5.63%, i.e. from 26.19% to 31.82%. As seen, the negative responses did not increase
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vi

Electric Circuit Analysis (.002) Mathematics II (.008) Both courses

ni pi Pi ni pi Pi ni pi Pi

1 - Very bad 1 4.3% 4.3% 1 4.8% 4.8% 2 4.5% 4.5%

2 - Bad 2 8.7% 13% 3 14.3% 19.1% 5 11.4% 15.9%

3 - Fair 11 47.8% 60.8% 5 23.8% 42.9% 16 36.4% 52.3%

4 - Good 4 17.4% 78.2% 10 47.6% 90.5% 14 31.8% 84.1%

5 - Very good 5 21.7% 100% 2 9.5% 100% 7 15.9% 100%

No response 0 0% 0 0% 0 0%

n = 23
∑

pi = 100% n = 21
∑

pi = 100% n = 44
∑

pi = 100%

(a) Frequency table

(b) Bar chart

1

1.5

2

2.5

3

3.5

4

4.5

5

.002 .008 Both courses

(c) Box plot

Figure F.21: AdVisor 2.0 – Overall experience.

(a) Circuit Analysis (.002) (b) Mathematics II (.008) (c) Both courses

Figure F.22: AdVisor 2.0 – “Would you like to use AdVisor in other courses?”.

significantly, but there were more respondents who were undecided about if they would use or not

the platform. Some possible reasons for the increase of the no response option may have been:

• AdVisor was not within the UOC campus: those respondents who were enrolled in other

subjects had to use both AdVisor and the UOC classroom. In this regard, several comments

requested for the integration of the platform into the UOC campus. This nuisance had al-

ready existed in AdVisor 1.0, but it seemed that this caused the students of AdVisor 2.0 more

problems.

• More indecision in Electric Circuit Analysis (.002): compared to AdVisor 1.0, less students

of Electric Circuit Analysis said that they would not use AdVisor 2.0 in future. Instead, 17.39%

of the respondents of AdVisor 2.0 ticked the option no response (nobody in AdVisor 1.0).

In short, the respondents’ overall experience was good and over 50% would use AdVisor again.
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F.1.2.11 The most useful and missed aspects of AdVisor 2.0

The respondents were asked to say, with their own words, the most useful/interesting and the

worst/missed things of AdVisor 2.0. The different snippets of the responses were tagged into one

of the following five categories:

• Guidance/self-regulation (e.g. schedule, to mark activities as complete, etc.)

• Self-awareness (e.g. dashboard)

• Multiple views (e.g. organization)

• Social interaction (e.g. forums)

• Interface/Usability

68 snippets were categorized: 51 positive and 17 negative. As seen in Figure F.23, the most valu-

able items were the ones that were related to guidance/self-regulation (39.2%) and self-awareness

(31.4%). The fact that the respondents highlighted the guidance and self-awareness as the most

useful aspects was a clear indicator that recommendations B and C were suitable for the students

and, at the same time, they were implemented in AdVisor 2.0 correctly. By contrast, 82.3% of the

negative snippets were linked to the interface and its usability. This made evident the necessity of

improving the interface in future if a stable version of the platform were developed.

Next, Tables F.3 and F.4 contain the responses of the Catalan and Spanish students from Electric

Circuit Analysis (.002), respectively. Likewise, Tables F.5 and F.6 show the responses of the Catalan

and Spanish learners from Mathematics II (.008), respectively. Some parts of the responses have

been colored based on the recommendation/topic that they describe.

vi
Useful/interesting things Missed/Bad

ni pi Pi ni pi Pi

Guidance/self-regulation 20 39.2% 39.2% 0 0% 0%

Self-awareness 16 31.4% 70.6% 0 0% 0%

Multiple views 5 9.8% 80.4% 1 5.9% 5.9%

Forums 4 7.8% 88.2% 2 11.8% 17.7%

Usability/Interface 6 11.8% 100% 14 82.3% 100%

n = 51 ∑
pi = 100% n = 17 ∑

pi = 100%

(a) Frequency table

(b) Bar chart

Figure F.23: AdVisor 2.0 – Best and worst things.
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ID Useful/Interesting Missed/Bad

1 It is a different way to follow the course. Finding anything would have to be easier. In the

beginning, it is a little bit confusing, but the us-

ability improves when you use it day after day.

2 Ease of using and organization. The forums did not have too many messages.

3 The resources (table of contents, learning mate-

rials and CAA) and the forum.

In my opinion, the visibility and the layout are

not friendly in order to navigate through the

platform.

4 It is very useful to organize/regulate the course. No response.

5 I do not like anything, I prefer the UOC’s class-

room.

Nothing.

6 To be able to follow the assessment. The fact that the courses that used AdVisor were

separated from the rest of the subjects.

7 You have whatever you need in a friendly and

fast environment.

A more attractive interface is needed.

8 The fact that AdVisor is a complete environment

in which I have all the aspects related to the

course.

It is necessary to improve the navigation and the

response time. Maybe the forum is a little bit

confusing.

9 The schedule and the monitoring of the course,

because they have been very useful.

Nothing in particular. It may sometimes be diffi-

cult to find some specific message which you do

not remember the activity to which it belonged.

10 The information provided. No response.

11 The multiple views of the course, i.e. to have a

forum per activity, a section which indicates the

progress of the course, a section devoted to the

schedule, etc.

To have to access from outside the UOC campus

was annoying. Moreover, the activities were too

segmented.

12 The connection between the activities and the

resources required to perform them.

AdVisor is not cross-browser.

13 The schedule of the time. The fact that the platform cannot be accessed

from the UOC campus as the rest of the class-

rooms.

14 I did not use AdVisor too much, but I think that

it was very useful the indicator of progress that

one has done in the course.

The interface should be clearer. It was a little bit

confusing in the beginning.

15 The forum and the schedule of the activities.

The schedule of the activities is one of the things

which can contribute value to this application

compared to a regular classroom.

The interface is a little bit confusing and, hence,

it would have to be more intuitive.

1 In italics, negative things in the question that asked good things and vice versa.

Table F.3: Responses of the Catalan (19) class of Electric Circuit Analysis (.002).
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ID Useful/Interesting Missed/Bad

1 The schedule of the units and activities as well

as the indicators that warn that a graded activity

was delayed or not.

In general, I think that AdVisor is a suitable tool

that helps to follow the course a lot.

2 The control over the course in terms of time. I think the visual style of the forums is ugly.

3 To be able to see both the grades and the new

messages at a glance.

Nothing.

4 The schedule and the contents of the activities

for each session.

The fact that AdVisor is outside the UOC cam-

pus.

5 To know my evolution regarding what is ex-

pected.

Better visualization.

6 The schedule of the different contents of the

course. Or, in other words: to graphically see

where you are.

To include the CAAs dropbox.

7 The idea is excellent, but the fact that AdVisor

was outside the UOC campus made me get con-

fused.

To integrate AdVisor with the rest of the UOC

campus.

8 The functionality that allows to self-regulate

your time and to see all the things at a glance.

I liked it!

To balance the duration of the session better.

1 In italics, negative things in the question that asked good things and vice versa.

Table F.4: Responses of the Spanish (89) class of Electric Circuit Analysis (.002).
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ID Useful/Interesting Missed/Bad

1 The comparison between the proposed sched-

ule and the personal pace.

It was not possible to export the information in

other format in order to use it outside AdVisor.

2 I think that the usability of the system would

have to be improved .

I missed having the activities ordered by date or

by content in a single page.

3 The schedule. To download the messages of the forums in a

PDF.

4 To know the percentage that one has done. More separation between sessions, they some-

times are confused.

5 The schedule and the self-regulation that one

can carry out by marking which activities have

been finished.

The fact that AdVisor is not integrated into UOC

campus.

6 AdVisor is a good platform, but it is not com-

plete. Maybe, I am very conservative, but I pre-

fer the UOC’s classroom.

The interface would have to be more intuitive,

the schedule view would have to display all the

items simultaneously, and the platform would

have to cross-browser.

7 The schedule. It would have to be more intuitive, because find-

ing a specific activity or message was sometimes

a difficult task.

8 Nothing in particular. Nothing in particular.

9 No response. No response.

10 The relationship between table of contents,

progress, important dates, guidance, forums per

activity, etc.

I missed the campus and the library.

11 The visual way in which one can see and mark

their own progress.

The option for downloading the table of con-

tents and the functionality that allows to write

mathematical expression in the forums.

12 The progress bar. To find the table of contents fast and easily.

1 In italics, negative things in the question that asked good things and vice versa.

Table F.5: Responses of the Catalan (19) class of Mathematics II (.008).
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ID Useful/Interesting Missed/Bad

1 The indicator of progress. Using the forums was not easy.

2 No response. No response.

3 The schedule and the overview. The only thing was that one day before the ex-

ams, AdVisor was not available.

4 The schedule and the fact that the platform is

easy to use.

Nothing.

5 The possibility of following the course/s from a

single interface. The monitoring that one can

carried out.

To be able to deliver my assignments through

the platform.

6 Simplicity. I missed having videos.

7 Schedule. The interface would have to be more intuitive.

8 The monitoring and schedule. The fact that AdVisor was not integrated into the

UOC campus.

9 The schedule that the platform provides, if this

is understood as a proposal of the teacher.

I would have both the AdVisor’s and UOC class-

room’s schedule.

Table F.6: Responses of the Spanish (89) class of Mathematics II (.008).
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F.2 Semi-structured interview

F.2.1 Set of questions

Section A – Interviewee’s profile

1. In addition to being UOC teacher, have you ever been a teaching collaborator?

• Yes • No

2. How long have you been working as a teacher/teaching collaborator at the UOC?

3. Have you ever been an online or blended teacher in any other institution?

• Yes

3.1. How long have you been working as a teacher in that institution?

• No

4. Nowadays, which department do you belong to?

• IT, multimedia and telecommunication • Economics and business studies

• Law and political sciences • Arts and humanities

• Psychology and education sciences • Information and communication sciences

• Health sciences

5. As a teacher, how many subjects are you in charge of per semester?

6. And as a teaching collaborator?

7. Have you ever used a learning platform different to the UOC campus? For example: Moodle,

Blackboard, D2L, an ad-hoc platform, etc.

• Yes

7.1. Which? ___________

• No

• No response
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Section B – Course design

8. Rank the following aspects of a course according to their importance (1st = the most impor-

tant), being the option other optional:

Degree competences 1st 2nd 3rd 4th 5th 6th 7th

Course objectives 1st 2nd 3rd 4th 5th 6th 7th

Table of contents 1st 2nd 3rd 4th 5th 6th 7th

CAAs and practicals 1st 2nd 3rd 4th 5th 6th 7th

Schedule 1st 2nd 3rd 4th 5th 6th 7th

Activities 1st 2nd 3rd 4th 5th 6th 7th

Other. Which? 1st 2nd 3rd 4th 5th 6th 7th

9. Why 1st and 2nd?

10. Why 5/6th and 6/7th?

11. When you design a course, which information do you usually use? In other words, do you

usually design a course in the same order that the one that you have just defined in question

8?

12. Are you able to translate your design of a course from the paper to the UOC classroom?

• Yes

• No

12.1. What things cannot you translate? What problems do you find?

13. How useful would a smart course editor (i.e. one that actively helped you to design your

subjects) be to you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

Section C – AdVisor

Section C.1 – Dashboard

14. The interviewer shows the interviewee a photo of AdVisor’s dashboard. What do you think

that this screenshot displays?

• S/he knows • More or less • S/he does not know
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15. The interviewer explains what AdVisor’s dashboard is. How useful do you think that a dash-

board like this could be to your students?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

16. How useful do you think that a dashboard like this could be to your teaching collaborators

and you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

17. Could you give your opinion about AdVisor’s dashboard?

Section C.2 – Workspace

18. The interviewer explains the foundations of AdVisor and its main features. Do you think

that the fact of having multiple views of the same course could provide you with more free-

dom/flexibility when you design your courses?

• Yes

18.1. In what way do you think that this would affect your design?

• No

• No response

19. To what extent do you think that having multiple views would enrich the vision that your

students have of a course?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

20. Would you add or remove any view?

21. According to your opinion, rank the following views of AdVisor based on how often your

students would use each of them (1st = the most used by your learners):

Gantt (i.e. schedule) 1st 2nd 3rd 4th 5th 6th

Treeview (i.e .table of contents) 1st 2nd 3rd 4th 5th 6th

Elastic list (i.e. competences and objectives) 1st 2nd 3rd 4th 5th 6th

Simple list (i.e. activities and resources) 1st 2nd 3rd 4th 5th 6th

Assessment (i.e. CAAs and practicals) 1st 2nd 3rd 4th 5th 6th

Forums 1st 2nd 3rd 4th 5th 6th

22. Why 1st and 2nd?

23. Why 5th and 6th?
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24. Any comment about the multiple views?

25. How useful do you think that the detailed sessions would be for your students so that they

could regulate their learning process?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

26. How useful do you think that both the possibility of marking an activity as complete and

knowing the pending activities would be for your students?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

27. Any comment about the detailed schedule, sessions, etc. (vs. UOC’s schedule)?

28. In general, how important are discussion forums in your courses?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

29. In general, rate UOC’s forums according to their educational effectiveness on a scale of 1-5,

with 1 being very bad and 5 being very good :

1 - Very bad 2 - Bad 3 - Fair 4 - Good 5 - Very good • No response

30. What thing/s of UOC’s forums do you find more useful/interesting? Please let us know below.

31. What thing/s do you miss in UOC’s forums? Please let us know below.

32. The interviewer explains the features of AdVisor’s forums. How suitable do you find the way

of organizing the messages of a course?

1 - Very bad 2 - Bad 3 - Fair 4 - Good 5 - Very good • No response

33. How useful do you think that the fact that your students were able to indicate if they like a

message could be for them and you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

34. How useful do you think that the fact that your teaching collaborators and you were able to

highlight a message could be for you students?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response
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35. How useful do you think that your teaching collaborators and you were able to grade the

students’ message?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

36. Any comment about AdVisor’s forums (vs. UOC’s ones).

Section D – Monitoring

Section D.1 – Interviewee’s student monitoring process

37. How important is continuous assessment for your students and you?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

38. How important do you think that monitoring students in an online course is?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

39. Do you monitor/track your students beyond the CAAs?

• Yes

39.1. What items do you take into account when you monitor your students?

39.2. How do you obtain those items?

39.3. When you have all the information, how do you store/manage it?

39.4. To what end do you use the information that you collect?

39.5. Does the UOC campus provide you with all the information that you need?

• Yes

• No

39.5.1 What information is missing?

• No

39.6. Why not?

40. Rate the amount of information that is provided by th eUOC campus on a scale of 1-5, with

1 being very poor and 5 being very good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response
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41. How easy is it to obtain the information that the UOC campus provides you?

1 - Very difficult 2 - Difficult 3 - Fair 4 - Easy 5 - Very easy • No response

42. To what extent do you think that the UOC campus should provide a tool which helps you to

monitor your students?

1 - Unnecessary 2 - Not so necessary

42.1. Why?

3 - Indifferent • No response

4 - Necessary 5 - Very necessary

42.2. Why?

42.3. What would that monitoring tool be like?

Section D.2 – FACRO

43. The interviewer shows and explains FACRO, the proposed student monitoring tool. Please,

tell me your impression of this tool.

44. How useful do you think that this tool would be for you?

1 - Not at all useful 2 - Not very useful 3 - Neither useful nor useless

4 - Useful 5 - Very useful • No response

45. Would you use this tool in your courses?

• Yes • No • No response

46. If this tool existed in your UOC classroom, to what extent would it positively affect the feed-

back that you and your teaching collaborators would give your students?

1 - Nothing 2 - Little 3 - Normal 4 - Quite a lot 5 - A great deal • No response

47. Why?

48. What thing/s do you find more positive?

49. What thing/s do you find more negative (or miss)?



F.2. Semi-structured interview 283

Section E – Overall evaluation

50. Rate the concept of dashboard on a scale of 1-5, with 1 being very poor and 5 being very

good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response

51. Rate the concept of multiple views on a scale of 1-5, with 1 being very poor and 5 being very

good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response

52. Rate AdVisor as a whole on a scale of 1-5, with 1 being very poor and 5 being very good :

1 - Very poor/Insufficient 2 - Poor 3 - Fair 4 - Good 5 - Very good • No response

53. Would you use AdVisor in any of your courses?

• Yes

53.1. As a complement or as a replacement of the UOC classroom?

53.2. Why would you use this platform?

• No

53.3 Why would not you use AdVisor?

• No response

54. If you have any suggestions, comments, etc. about any aspect of the platform or the interview

that you find important, please let me know.
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F.2.2 Results

This section analyzes the semi-structured interviews conducted with eight UOC teachers. The

questions tried to know the opinion of the instructors about different aspects that are related to

the recommendations proposed in this thesis. At this point, it is worth indicating that each aspect

was evaluated both quantitatively and qualitatively. On the one hand, interviewees were asked to

rate each aspect on a scale (yes/no, Likert, etc.) and, on the other, they had to justify the score

that they had chosen. In this regard, it is important to stress that the frequency tables, bar and pie

charts which are shown below contain no response answers, while the box plots do not. Likewise,

it will be given the most significant comments of the teachers which support the scores.

Lastly, the order of this analysis follows the same as that of the interview, not that of the recom-

mendations (i.e. A, B, etc.). Thanks to this, the reader may better understand how the interviews

were conducted. Moreover, some questions related to the evaluation of some elements of the UOC

that were asked are not analyzed for this thesis since they are out of the scope this work (however,

this information can be useful for future research).

F.2.2.1 Interviewees’ profile

As shown in Table F.7, 5 interviewees were men (62.5%) and 3 were women (37.5%). They belonged

to two different departments of the UOC: (1) IT, multimedia and telecommunication, and (2) psy-

chology and education sciences.

The informants had wide experience on online teaching , since 6 of them (75%) have been

teachers or teaching collaborators at the UOC for 10 or more years (see Figure F.24). Moreover, as

shown in Figure F.25, they all are usually in charge of at least 4 courses per semester . Furthermore,

two informants, in addition to being teachers, were academic directors at that moment.

Finally, the three interviewees who belonged to psychology and education sciences had used

other VLEs apart from the UOC’s one. More specifically, two of them had used Moodle at the UB

and the other informant had used WebCT. Likewise, 3 teachers of IT, multimedia and telecommu-

nication had tested Moodle just out of curiosity and another one was currently using the quizzes

of this platform in some of his courses.

Department
IT, multimedia and Psychology and

Total
telecommunication education sciences

Number of

interviewees

#Male 5 0 5 (62.5%)

#Female 0 3 3 (37.5%)

Total 5 3 8 (100%)

Table F.7: Interviews – Breakdown of the interviewees.
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vi ni pi Pi

1-3 years 0 0% 0%

4-6 years 1 12.5% 12.5%

7-9 years 1 12.5% 25%

10-12 years 4 50% 75%

Over 12 years 2 25% 100%

n = 8
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure F.24: Interviews – Number of years being teacher/teaching collaborator at the UOC.

vi ni pi Pi

1-3 0 0% 0%

4-6 5 62.5% 62.5%

7-9 2 25% 87.5%

10-12 0 0% 87.5%

Over 12 1 12.5% 100%

n = 8
∑

pi = 100%

(a) Frequency table (b) Pie chart

Figure F.25: Interviews – Number of courses per semester.
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F.2.2.2 Course design (recommendations F and H)

Without knowledge of what AdVisor was, the interviewees were asked to rank different parts of a

course from the most important (1st) to the least (6th ) when they design a subject. In other words,

the first position had to be for that element from which the instructor began to design a course.

As observed in Figure F.26, the first items to be considered when teachers design are the course

objectives (median = 1st) and the degree competences (median = 2nd). In fact, several informants

expressed that they had wavered between the degree competences and the course objectives as

first option, since they both are intertwined. As a result, the decision on which of them was first

was almost randomly. This probably affected the result of Kendall’s W, which was .475 (p = .002),

i.e. this value showed a high weak agreement among the interviewees. However, when these two

elements were removed from the calculation of Kendall’s W, this coefficient reached .625 (p = .002),

i.e. a high moderate agreement. Actually, there was quite consensus regarding the other items. For

example, 6 teachers (75%) indicated that the table of contents was the third element that they

used or developed so as to design their courses. In the same way, 5 interviewees (62.5%) agreed

that the continuous assessment assignments (CAAs) and practicals were the fifth aspect which

they defined during the design. Considering all the responses of the interviews, it was quite clear

that the three first items which the instructors usually take into account when designing a course

are: (1) course objectives, (2) degree competences and (3) table of contents. Likewise, the activities

went to the fifth to the sixth position depending on whether all the activities of the course were

part of the assessment or not, respectively. When the subject had both graded and non-graded

activities, then the category CAAs went prior to the activities. Finally, it was concluded that the

schedule was the fourth element to be considered when creating a subject.

Besides ranking the previous elements, they were asked to indicate the reasons for that rank-

ing, specially, the two first positions. According to two informants, the reason for which the com-

petences and objectives were on the top of the list was because they both “(...) define the learning

vi
Objectives Competences Table of contents Schedule CAAs and practicals Activities

ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi

1st 5 (62.5%) 62.5% 2 (25%) 25% 1 (12.5%) 12.5% 0 0% 0 0% 0 0%

2nd 2 (25%) 87.5% 4 (50%) 75% 1 (12.5%) 25% 0 0% 1 (12.5%) 12.5% 0 0%

3rd 0 87.5% 0 75% 6 (75%) 100% 2 (25%) 25% 0 12.5% 0 0%

4th 0 87.5% 0 75% 0 100% 2 (25%) 50% 2 (25%) 37.5% 4 (50%) 50%

5th 1 (12.5%) 100% 0 75% 0 100% 1 (12.5%) 62.5% 5 (62.5%) 100% 1 (12.5%) 62.5%

6th 0 100% 2 (25%) 100% 0 100% 3 (37.5%) 100% 0 100% 3 (37.5%) 100%

n = 8 n = 8 n = 8 n = 8 n = 8 n = 8

(a) Frequency table

(b) Bar chart

1

2

3

4

5

6

ObjectivesCompetences TOC Schedule CAAs Activities

(c) Box plot

Figure F.26: Interviews – Course design order.
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vi ni pi Pi

1 - Not at all useful 0 0% 0%

2 - Not very useful 1 12.5% 12.5%

3 - Neither useful nor useless 1 12.5% 25%

4 - Useful 5 62.5% 87.5%

5 - Very useful 1 12.5% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.27: Interviews – Usefulness of a smart course editor.

process and the content” and they “(...) should show teachers the main goal of the course”.

After collecting information related to the habits and procedures of the interviewees when de-

signing their courses, a hypothetical smart course editor was proposed. This tool would aim to

help instructors to create effective online subjects by giving them advice and warnings. For exam-

ple, it could warn of an overload of activities or the fact that some contents, degree competences or

course objectives were not addressed by any activity. Considering that imaginary course editor, the

interviewees were asked to evaluate how useful this tool could be while designing their subjects on

a scale from 1 (not at all useful ) to 5 (very useful ). As shown in Figure F.27, 75% of the informants

would find it useful (4, 62.5%, mode and median) or very useful (5, 12.5%). According to their

comments, the interviewees indicated that this tool could be especially useful as a checker which

helped them to guarantee that their designs were correct. In this regard, some of them would find

it interesting that the editor suggested a course schedule based on the list of activities to do. As

seen, the presence of a course editor which actively supported the course design task would be

welcomed. Therefore, it could be concluded that recommendation F , which encourages VLEs to

help teachers to design their courses, seemed to make sense.

At this point of the interview, the most significant features of AdVisor 2.0 were explained to the

teachers. Next, it was asked if the fact of having multiple views would change the way in which

they design. In general, the response was that the design process would not change, except for the

workload that the creation of the sessions would entail (if the schedule view was used). However,

according to some comments, the use of more than one view would help to guarantee that the

design of the course is correct, i.e. to ensure that the set of activities encompasses all the degree

competences, objectives and sections of the table of contents that are part of the subject.

Likewise, the interviewees said that the information structure of AdVisor 2.0 included the most
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vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 1 12.5% 12.5%

4 - Quite a lot 7 87.5% 100%

5 - A great deal 0 0% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.28: Interviews – To what extent the multiple views would enrich the vision that the students have

of the course.

important parts of an online course. They also stressed the flexibility of the schema: “it allows you

to organize your courses from the perspective/s that you want”. Moreover, when the interviewer

explained the structure of AdVisor 2.0 to each teacher, none of them had difficulty understand-

ing the different information spaces. This may have meant that the information structure of the

platform met recommendation H , i.e. to provide a flexible schema that is easy to understand.

F.2.2.3 Multiple views from students’ point of view (recommendations G and A)

As seen in the previous section, the instructors found the information structure of AdVisor 2.0

complete enough to design their online courses. However, it was also needed to know if they

thought that the multiples views would enrich the vision of the course that the learners usually

have. As shown in Figure F.28, 87.5% thought that the multiple views of the platform would en-

rich quite a lot. Actually, some teachers stated that they have a feeling that many of their students

only focus on the CAAs (i.e. those tasks linked to assessment) and ignore the rest of activities and

information (i.e. TOC, competences, objectives, etc.). In this regard, the informants considered

that providing the students with different perspectives of the same course could encourage them

to go beyond the CAAs. Two interviewers also highlighted that the multiple views would enable the

platform to better adapt to students’ needs and preferences than if this had a single view.

Likewise, the instructors who participated in the interviews assessed the concept of multiple

views and the implementation proposed by AdVisor 2.0 as a whole. As shown in Figure F.29, all the

teachers found it good (4, 75%, mode and median) or very good (5, 25%). However, some inter-

viewees expressed that the interface sometimes showed too much information and, consequently,

this could overwhelm the learners. In any case, it may be concluded that recommendation G, i.e.
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vi ni pi Pi

1 - Very poor 0 0% 0%

2 - Poor 0 0% 0%

3 - Fair 0 0% 0%

4 - Good 6 75% 75%

5 - Very good 2 25% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart

3.8

4

4.2

4.4

4.6

4.8

5
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Figure F.29: Interviews – Overall evaluation of the concept of multiple views and its implementation in

Advisor 2.0.

to provide multiple views of the same course, was very suitable.

Finally, the interviewees were asked to rank the different views of the platform according to the

use which they thought that the students would make of each of them. Although Kendall’s W was

.375 (p = .010), the instructors were sure about the most and least used views (see Figure F.30).

In this regard, they considered that the Gantt chart , which was related to the schedule, and the

elastic list , which showed the degree competences and course objectives, would be the most and

the least used views, respectively.

The interviewees commented that the Gantt chart shows information about the course sched-

ule that is essential for any online learner, i.e. what activities student must do and when. By con-

trast, teachers were convinced that the elastic list would not be useful to most of their learners,

since many of them are not interested in the degree competences and course objectives which they

should attain at the end of the semester. As a teacher said: “students take it for granted that when

they pass a course, they have acquired a set of the competences and attained a set of objectives”.

Paradoxically, as read previously, degree competences and course objectives are essential when

teachers design their subjects. This means that recommendation A, i.e. to define competences

and objectives clearly, is appropriate because, on the one hand, its definition and link with the

learning activities help teachers to guarantee that the design of the course is correct and, on the

other, these two items tell the students what is expected from them.

But, given that knowing the competences and objectives that one is developing is not needed

daily, some instructors suggested two ways to reduce the cognitive overload of the interface: (1) ei-

ther to put the elastic list in a secondary place or (2) to remove this view as long as the information

on the link between these two elements and the activities continues being in the activity’s page.
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vi
Gantt chart Activities and resources Treeview Assessment Forums Elastic list

ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi ni (pi) Pi

1st used 3 (37.5%) 37.5% 1 (12.5%) 12.5% 0 0% 2 (25%) 25% 2 (25%) 25% 0 0%

2nd used 3 (37.5%) 75% 3 (37.5%) 50% 1 (12.5%) 12.5% 0 25% 1 (12.5%) 37.5% 0 0%

3rd used 1 (12.5%) 87.5% 0 (0%) 50% 5 (62.5%) 75% 2 (25%) 50% 0 37.5% 0 0%

4th used 0 87.5% 2 (25%) 75% 0 75% 2 (25%) 75% 3 (37.5%) 75% 1 (12.5%) 12.5%

5th used 1 (12.5%) 100% 1 (12.5%) 87.5% 2 (25%) 100% 2 (25%) 100% 1 (12.5%) 87.5% 1 (12.5%) 25%

6th used 0 100% 1 (12.5%) 100% 0 100% 0 100% 1 (12.5%) 100% 6 (75%) 100%

n = 8 n = 8 n = 8 n = 8 n = 8 n = 8

(a) Frequency table

(b) Bar chart
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Gantt chart Activ−Res Treeview Assessment Forums Elastic list

(c) Box plot

Figure F.30: Interviews – Use of the views of AdVisor 2.0 by the students according to the teachers’ opinion.

Last but not least, one of the teachers who were also an academic director went even further

and proposed to use the elastic list at degree level. More specifically, she said this view could be

used as a degree monitoring tool, e.g. to know which courses provide learners with a particular

competence.

F.2.2.4 Self-regulation (recommendations B and C)

Despite the extra work that sessions would involve, the instructors were convinced that it was

worth the effort of defining these items in detail, since they thought that the session would be a

useful (4, 37.5%) or very useful (5, 62.5%, mode and median) element for helping their students to

plan their learning process and to feel guided through the course (see Figure F.31). This reinforces

the suitability of recommendation B (i.e. to guide learners through the course). In addition to

displaying the activities defined by the facilitator, one informant suggested enabling the students

to add their own tasks/sessions to the Gantt chart.

Moreover, as shown in Figure F.32, 75% of the interviewees found it very useful (5, mode and

median) to allow students to mark an activity/session complete. However, one teacher warned of

the importance of telling the students that the purpose of marking an activity/session as complete

is to help them to carry out a personal tracking, not to assess them. Such an instruction may

prevent learners from marking activities/sessions finished indiscriminately.

Regarding self-awareness (recommendation C), an aspect closely related to self-regulation, Ad-

Visor 2.0 proposed a dashboard (see section 5.4.2.3). Without any explanation of how the dash-

board worked, the interviewees were asked to tell what information it showed. The eight teachers

had no problem to know what each of the four information areas were about. Therefore, it can be

concluded that the dashboard were intuitive.

Next, the informants assessed the usefulness of a dashboard like the proposed one to online



F.2. Semi-structured interview 291

vi ni pi Pi

1 - Not at all useful 0 0% 0%

2 - Not very useful 0 0% 0%

3 - Neither useful nor useless 0 0% 0%

4 - Useful 3 37.5% 37.5%

5 - Very useful 5 62.5% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.31: Interviews – Usefulness of the sessions for planning and guiding.

vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 1 12.5% 12.5%

4 - Quite a lot 1 12.5% 25%

5 - A great deal 6 75% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.32: Interviews – Usefulness of marking an activity/session as complete.
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vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 0 0% 0%

4 - Quite a lot 4 50% 50%

5 - A great deal 4 50% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.33: Interviews – To what extent the dashboard would be useful to the students according to the

interviewees’ opinion.

students on a scale from 1 (not at all useful ) to 5 (very useful ). As shown in Figure F.33, they

thought that this type of tool would be useful (4, 50%) or very useful (5, 50%) to learners because,

as an interviewee said, “[the dashboard] provides a large amount of significant information in a

very visual way”. Moreover, as the dashboard shows the student’s global information about all

the courses in which she is enrolled, “this allows the learner to prioritize her resources (e.g. time)

based on what she is seeing in the tool. This enables the student to get an idea of where she is [in

the totality of the courses in which she is enrolled]”. More specifically, based on the comments

of the teachers, it may be concluded that the areas that could be more useful to online students

would be the pace and the assessment . In any case, the evaluation of the dashboard was very

positive, which reinforces the suitability of recommendation C , i.e. to provide self-awareness.

Besides scoring the dashboard, several instructors suggested improvements. As for the pace

area, four of them indicated that the color of the progress could change depending on the learner’s

pace. Thereby, the color green would denote a good pace (i.e. on time or ahead of schedule),

whereas the color red would mean a bad pace (i.e. behind schedule). Likewise, some interviewees

did not like the large amount of data that were shown in the agenda area when a student was

behind the schedule. They thought this information overload may discourage this type of learners.

As a result, they recommended improving the visual cues and simplify the amount of information

that is provided. To this end, one teacher proposed enabling the student to mark those courses of

which she has dropped out so that the dashboard does not show their data.

Next, the interviewer explained the differences between the dashboard of the students and that

of the teachers. Afterward, the interviewees were asked to evaluate how useful the dashboard could

be to their teaching collaborators and them. Unlike the dashboard of the students, the instructors’
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vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 1 12.5% 12.5%

3 - Normal 2 25% 37.5%

4 - Quite a lot 2 25% 62.5%

5 - A great deal 3 37.5% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.34: Interviews – To what extent the dashboard would be useful to the teachers.

one was not found such a useful tool (see Figure F.34). The main reason was clearly said by one

of the interviewees: “the needs of a teacher are totally different to those of a teaching collaborator

and, at the same time, different to those of a student”. In this regard, several improvements were

proposed. One of the suggestions for helping teaching collaborators was to show, in the pace area,

either the median of the class’s studying pace (instead of the mean) or the percentage of students

who are behind the schedule. Another possible improvement was to allow to see the studying

pace of each learner as well as checking the level of completeness of each session on the part of

the whole class. Likewise, in the assessment area, instead of displaying the average grade of each

CAA, showing the distribution of grades (e.g. a bar chart).

Moreover, to make the course management easier, one interviewee proposed including infor-

mation that enabled teachers to track the performance of their teaching collaborators, e.g. an

alert message which warns of the absenteeism of the collaborators in the classroom for 48 hours

or more, a warning that indicates that the statement of a CAA has not been published yet, etc.

Despite the drawbacks detected by the informants, 62.5% rated AdVisor 2.0’s dashboard for

instructors useful (4, 25%, median) or very useful (5, 37.5%, mode).

Finally, the teachers who participated in the interviews were asked to evaluate the concept of

the dashboard as a whole without considering the specific proposal of AdVisor 2.0. As shown in

Figure F.35, they all found the idea of the dashboard good (4, 62.5%, mode and median) or very

good (5, 37.5%). They highlighted that this type of tool was very visual and, hence, it showed

significant information at a glance.

Given that the items related to self-regulation (i.e. sessions, the functionality of marking an

activity/session as complete and the dashboard) were evaluated positively, it can be concluded

that recommendations B and C were strongly supported by the teachers who were interviewed.
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vi ni pi Pi

1 - Very poor 0 0% 0%

2 - Poor 0 0% 0%

3 - Fair 0 0% 0%

4 - Good 5 62.5% 62.5%

5 - Very good 3 37.5% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.35: Interviews – Overall evaluation of the concept of dashboard.

F.2.2.5 To promote social interaction (recommendation D)

At the UOC, all the classrooms have discussion forums. For this reason, the first question related

to social interaction was: “In general, how important are discussion forums in your courses?” (see

Figure F.36). 75% of the instructors said a great deal (5, mode and median).

Despite the previous result, it is worth stressing a feeling who some interviewees have with

regard to the forums. One of the informants who marked the option great a deal said that she

was convinced that the forums are very useful to a small number of students. According to her,

a course usually has few active learners who really take advantage of this tool. This matches the

opinion of the two interviewees who considered the importance of the forums in their courses as

normal (3, 25%). These two teachers are of the opinion that, in general, less and less students use

the UOC forums in order to ask their questions. Instead, according to these instructors, learners

use other resources that they find on the Internet (e.g. other forums, Wikipedia, etc.). Such is the

lack of use that one of them said she believes that her courses could even work without forums.

Next, the interviewer explained the features of AdVisor 2.0’s forums to the instructors. After-

ward, a set of questions were asked. First of all, the teachers were asked to evaluate how suitable

they found the organization based on one forum per activity. As shown in Figure F.37, 75% thought

this way to organize the messages was good (4, 37.5%, median) or very good (5, 37.5%). Currently,

most of the interviewees create an organization based on folders that corresponds to one folder per

CAA, at least. Some of them, moreover, create a folder for each learning unit. And, what is more,

two instructors followed the same criterion that the one proposed by AdVisor 2.0, i.e. one folder

per activity (including graded and non-graded).

Secondly, three features of the forums were evaluated (see Figure F.38): (1) the like-it button,
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vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 2 25% 25%

4 - Quite a lot 0 0% 25%

5 - A great deal 6 75% 100%

No response 0 0%
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Figure F.36: Interviews – Importance of the forums in the interviewees’ courses.

vi ni pi Pi

1 - Very bad 0 0% 0%

2 - Bad 2 25% 25%

3 - Fair 0 0% 25%

4 - Good 3 37.5% 62.5%

5 - Very good 3 37.5% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.37: Interviews – Suitability of one forum per activity.
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vi

Like-it Highlight Grade

ni pi Pi ni pi Pi ni pi Pi

1 - Not at all useful 0 0% 0% 0 0 0% 0 0% 0%

2 - Not very useful 2 25% 25% 0 0% 0% 0 0% 0%

3 - Neither useful
2 25% 50% 0 0% 0% 0 0% 0%

nor useless

4 - Useful 1 12.5% 62.5% 1 12.5 12.5% 4 50% 50%

5 - Very useful 3 37.5% 100% 7 87.5 100% 4 50% 100%

No response 0 0% 0% 0% 0 0% 0 0% 0%

n = 8
∑

pi = 100% n = 8
∑

pi = 100% n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart
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Figure F.38: Interviews – Usefulness of the functionalities like-it, highlight and grade messages.

(2) to allow instructors to highlight a message, and (3) to enable teachers to grade a message.

Regarding the like-it button, the opinions were very divided. One of the conclusions that could

be drawn from the interviews was that this functionality would not be used too much due to the

lack of participation of the students in the forums. Likewise, one instructor said that it would be

important to encourage all the learners of the classroom to use this option of the forum correctly.

Otherwise, only the opinion of a small proportion of the class (i.e. those that participate actively)

would be known and, therefore, the information provided by the like-it button would not be useful.

As for the functionality that allowed teachers to highlight messages, the responses were prac-

tically unanimous: this would be very useful (5, 87.5%). In fact, UOC’s forums have a similar

functionality which the interviewees stated that they used. Lastly, one interviewee said a private

mark, which could only be seen by teachers and teaching collaborators, would be very useful too.

With regard to the last feature, i.e. to grade messages, was found useful (4, 50%, mode and me-

dian) or very useful (50%, mode). According to one interviewee, “[this feature] is very important,

because there is currently no way to convert the contributions in the forums, whether meaning-

ful or not, into something that is tangible (e.g. a grade)”. Moreover, the doubt that most of the

interviewees had was if the grades would have to be public or private.

In conclusion, the forums and other types of communication/social tools are important in on-

line education. However, according to the teachers who were interviewed, there is evidence that

the participation in the forums is decreasing. Despite this, instructors know that the forums are

very useful to those students who really use them correctly. Therefore, although it seems that the

number of beneficiaries is small, recommendation D (i.e. to promote social interaction) made

sense and was supported by the interviewees. Furthermore, those tools which improved the inter-

action and the teaching-learning process within the forums were, in general, well-received.
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1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 0 0% 0%

4 - Quite a lot 1 12.5% 12.5%

5 - A great deal 7 87.5% 100%

No response 0 0%

n = 8
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pi = 100%
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Figure F.39: Interviews – Importance of the continuous assessment.

F.2.2.6 To provide teachers with a student monitoring tool (recommendation E)

This recommendation is the only one that have not been evaluated up to now. To assess it, different

questions were asked. These can be categorized into:

.
• Student monitoring process that is performed by the interviewees

• Evaluation of FACRO

As seen, the first set of question attempted to elicit information about how the teachers (and

their teaching collaborators) who were interviewed usually monitor their students. The second

set of questions asked interviewees to evaluate FACRO (FAceted Class ROster), the educational

monitoring tool that is proposed in this research work. Next, each of the two categories is analyzed.

Student monitoring process that is performed by the interviewees

The first question asked instructors how important continuous assessment is in their courses. 7 of

the 8 interviewees were convinced that continuous assessment is very important (5, 87.5%, mode

and median) during the teaching-learning process of their subjects (see Figure F.39). The words of

a teacher clearly said why the continuous assessment is so important: “[continuous assessment]

forces students to do a set of exercises before the exam, they would otherwise not do so. (...) [This]

helps students to learn the new concepts and allows to consolidate the acquired knowledge. (...)

[Continuous assessment] allows teachers to monitor their students’ progress”.

Furthermore, as shown in Figure F.40, the same number of informants said that monitoring

online students throughout the semester is also very important (5, 87.5%, mode and median).
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vi ni pi Pi

1 - Nothing 0 0% 0%

2 - Little 0 0% 0%

3 - Normal 0 0% 0%

4 - Quite a lot 1 12.5% 12.5%

5 - A great deal 7 87.5% 100%
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Figure F.40: Interviews – Importance of monitoring students throughout the course.

Next, the instructors who participated in the interviews were asked: “do you monitor/track

your students beyond the CAAs?”. Once again, 7 of the 8 answered yes. In order to monitor their

students and the whole class, besides the grades of the CAAs, the interviewees mainly use the fol-

lowing information: (1) the participation in the forums as well as the content and the quality of

the messages, (2) e-mails to the teaching collaborators, and (3) the last log-in date of the students.

Likewise, the interviewees said that these monitoring data are scattered across the UOC campus.

To reduce the search of this information, some of the instructors expressed that they or their teach-

ing collaborators store all or part of these data in a spreadsheet. In this regard, the interviewees

responded that it is necessary (4, 25%) or very necessary (5, 75%, mode and median) that the

UOC campus provides teachers with a tool which helps them to monitor their students (see Fig-

ure F.41). This monitoring tool should be a hub that collected all the information of the students.

Finally, the teachers gave some of the reasons why they use monitoring data: (1) to reduce

dropouts, (2) to decide the final grade of a student when this is a borderline pass/fail, (3) to give

individual feedback to each student, (4) to identify misunderstandings and give more examples,

information etc., (5) to check the difficulty of the CAAs, etc.

Evaluation of FACRO

At this stage of the interview, the interviewer introduced FACRO to the interviewees. Broadly

speaking, the first impression of this tool was good (see Figure F.42). More specifically, 87.5%

thought FACRO would be useful (4, 25%) or very useful (5, 62.5%, mode and median). However,

due to the information which FACRO provided, some informants thought this tool would be much

more useful to teaching collaborators than teachers.
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vi ni pi Pi

1 - Unnecessary 0 0% 0%

2 - Not so necessary 0 0% 0%

3 - Indifferent 0 0% 0%

4 - Necessary 2 25% 25%

5 - Very necessary 6 75% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart

4

4.2

4.4

4.6

4.8

5

5.2

(c) Box plot

Figure F.41: Interviews – To what extent the UOC campus should provide a tool which helps teachers to

monitor their students.

vi ni pi Pi

1 - Not at all useful 0 0% 0%

2 - Not very useful 0 0% 0%

3 - Neither useful
1 12.5% 12.5%

nor useless

4 - Useful 2 25% 37.5%

5 - Very useful 5 62.5% 100%

No response 0 0% 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart

3

3.5

4

4.5

5

5.5

(c) Box plot

Figure F.42: Interviews – Potential usefulness of FACRO in the courses of the interviewees.
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Likewise, all the teachers who participated in the interviews expressed that they would use

FACRO in their courses if this were available.

Finally, the teachers were asked about what thing/s they found more positive and negative (or

missed). Regarding the positive ones, some of them were: “the slidebars are easy to use”, “it inte-

grates information that is faceted”, “the information is found quickly”, “it allows to detect prob-

lems in time”, “it allows teachers to gain control over how their students are carrying out their

learning process”, etc. As for possible improvements, it is worth stressing: to enable to create pre-

sets with the most frequent searches, to allow to send messages to the result set, to show aggregate

data with graphics (e.g. bar charts), the system should inform teachers/teaching collaborators of

those learners who are about to drop out, to display the performance of the course in previous

semesters, etc.

Conclusions

As seen, most of the interviewees stated that monitoring students is very important. In this regard,

they considered continuous assessment to be a good way to monitor their learners in terms of

understanding of the contents of the course. Apart from continuous assessment, they also use

other type of information so as to gain an insight into teachers’ learning process. However, they

commented that all those data are scattered across the UOC campus and, hence, they need a tool

that gathers all the available information of the students together. FACRO seemed to be a good

first step toward this goal.

In conclusion, the previous results have shown that teachers require tools which help them to

monitor their students (i.e. recommendation E).

F.2.2.7 Overall evaluation

From the pictures and the real demo that were shown, the interviewees were asked to rate AdVisor

2.0 on a scale from 1 (very bad ) to 5 (very good ). As shown in Figure F.43, 50% considered the tool

good and the other 50% very good . Obviously, it was needed to be cautious with this evaluation,

since the interviewees could not use AdVisor 2.0. Instead, they assessed the tool from what they

had seen during the interview. Nevertheless, the result was a good indicator.

Likewise, all the informants expressed that they would use an online classroom like AdVisor 2.0

if this were available in the UOC campus. Some of the reasons for this were: “better information

architecture”, “it includes degree competences and course objectives”, “to provide multiples per-

spectives beyond the CAAs”, “it is a major evolution compared to the current UOC classroom, (...)

it focuses on the organization, scheduling, tracking of one’s progress”, “more visual than the UOC

classroom”, “integration with a monitoring tool”, etc.

By contrast, the instructors also indicated some negative aspects which should be improved in

future: “the interface is overloaded”, “the platform would have to allow more customization”, “the

style is different to that of UOC which they are used to using”, etc.

Broadly speaking, both AdVisor 2.0 and FACRO were well received by the teachers who partic-

ipated in the interviews.
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vi ni pi Pi

1 - Very bad 0 0% 0%

2 - Bad 0 0% 0%

3 - Fair 0 0% 0%

4 - Good 4 50% 50%

5 - Very good 4 50% 100%

No response 0 0%

n = 8
∑

pi = 100%

(a) Frequency table

(b) Bar chart

4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5

(c) Box plot

Figure F.43: Interviews – Overall evaluation of AdVisor 2.0.
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G Educational

monitoring tools

This appendix presents an overview of educational monitoring tools. After a brief introduction

(see section G.1), these systems are classified from two perspectives (see section G.2):

• The data processing techniques that they use (see section G.2.1)

• The element which they monitor (see section G.2.2)
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G.1 Introduction

Instructors need appropriate means to set up a monitoring process that allows them to be aware

of the students’ learning process and provide learners with just-in-time assistance. Furthermore,

monitoring allows teachers to forecast potential problems (e.g. dropouts) and avoid them in time.

To monitor their students, online teachers often use tracking information (e.g. logs) and mon-

itoring tools which are available in virtual learning environments (VLEs). However, a comparative

study of tracking functionalities of various VLEs (Hijón and Velázquez-Iturbide, 2006) shows that

none of them offer much tracking ability. One of the reasons is that these platforms often provide

tracking data in a tabular format which is commonly poorly structured, incomprehensible and

difficult to understand (Mazza and Dimitrova, 2004). To tackle such problems, different tools have

been proposed in the literature.

Next, a brief state of the art on educational monitoring tools is presented.

G.2 Classification of educational monitoring tools

Educational monitoring tools may be classified from two perspectives:

.

• The data processing techniques that they use

• The element which they monitor

These two points of view are described below.

G.2.1 Data processing techniques

The main goal of any monitoring tool, whether this has an educational purpose or not, is to give

users some insight into the data at which they are looking. To this end, two different data process-

ing techniques are mainly used:

.

• Information visualization (InfoVis) techniques

• Data mining (DM) algorithms

Next, they both are briefly explained together with some educational examples.
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G.2.1.1 Information visualization (InfoVis)

One of the most well-known definitions of information visualization (InfoVis) is:

Information visualization (InfoVis)

The use of computer-supported, interactive, visual representations of abstract data to

amplify cognition.

(Card et al., 1999)

In other words: InfoVis encompasses a set of techniques that transform data into effective

graphical representations by taking advantage of the properties of human visual perception.

Thus, these visual representations reveal facts and trends which allow users to infer some unknown

information by combining the visual inputs with their knowledge of the data. At this point, it is im-

portant to stress that the data processing which is performed in InfoVis is mainly based on simple

mathematical and statistical functions, e.g. sum, percentages, mean, median, mode, etc.

In the educational context, some proposals based on InfoVis techniques have been suggested.

Two of the most relevant tools are CourseVis (Mazza and Dimitrova, 2004) and, its successor,

GISMO (Mazza and Milani, 2004). The former is a stand-alone visualization tool that obtains

tracking data from WebCT, transforms them into a form convenient for processing and generates

graphical representations that can be explored and manipulated by instructors. Thereby, teachers

can examine social (it uses a 3D visualization of discussion boards), cognitive (it uses a matrix in

which each cell is the grade attained by a specific student in a particular quiz), and behavioral (it

shows information about access and participation in a timeline) aspects of their students. Course-

Vis mainly uses 2D visualization techniques, but it also uses color and shape as a third dimension.

As far as GISMO is concerned, this also uses VLEs’ tracking data, but in this case from Moodle,

to display graphical representations (e.g. bar charts, matrices, etc.) about overall classroom ac-

cesses and detailed information of a specific student. This was developed as a Moodle block, but

its interface is detached from Moodle’s one.

Similarly, Zhang et al. (2007) designed Moodog, a visual student tracking data plug-in for Moo-

dle which also sends automatic reminder e-mails to students. This displays information about the

course, students, resources and access time. Unlike GISMO, the information provided by Moodog

is integrated into Moodle’s interface, keeping the original Moodle’s layout as much as possible.

There are many other works that have also proposed different representations based on InfoVis

techniques. For instance, Hardy et al. (2008) constructed, as a graph, the route taken by one stu-

dent through the course material during a single work session; Hijón-Neira and Velázquez-Iturbide

(2008) suggested an interactive graph (for students’ grades) and a data mountain (for access) by us-

ing Prefuse API; Juan et al. (2008), likewise, proposed scatter plots and quadrants as well as an evo-

lution graph so as to represent students’ performance; and Bakharia and Dawson (2011) created

SNAPP, a social network analysis tool that displays, as a graph, the evolution of the participants’

relationships within the discussion forums of a VLE.
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G.2.1.2 Data mining (DM)

Next, it is presented one possible definition of what data mining (DM) techniques are:

Data mining (DM)

Data mining (DM) techniques are able to infer underlying patterns from a large database,

generating some new type of valuable information such as student models or predictions.

These new data can be delivered in writing or visually.

According to Romero and Ventura (2007), data mining (DM) techniques can be classified into

four categories: (1) clustering, classification and outlier detection; (2) association rule mining and

sequential pattern mining; (3) text mining; and (4) statistics and visualization. However, the latter

is not universally seen as a category of DM (Baker and Yacef, 2009), since the data processing that

is carried out is minimum compared to the one of the rest of categories, which are based on arti-

ficial intelligence algorithms. In fact, this fourth category accords with the definition of InfoVis

presented in the previous section. Hence, regarding this thesis, only the first three categories de-

fined by Romero and Ventura (2007) are considered as belonging to data mining.

Recently, more and more educational monitoring tools based on DM have been proposed. For

example, Kosba et al. (2005) developed TADV, a system that builds student, group and class models

by using fuzzy logic. From these models, TADV gives instructors advice, e.g. to advise a learner to

review a concept. Thanks to TADV, teachers have extra data to make decisions during the course.

Hung and Zhang (2008) used statistical models and machine learning algorithms to analyze

patterns of online learning behaviors and make predictions on learning outcomes.

Likewise, Zorrilla et al. (2010) proposed a decision support system that utilizes several tech-

niques. Firstly, two clustering algorithms, Expectation-Maximization (EM) and K-Means, are used

to characterize, on the one hand, students and, on the other, sessions. The output of EM, a prob-

ability distribution, allows to determine the number of clusters with which K-Means is executed.

Depending on the input data, the clusters obtained from K-Means describe either student behav-

ior models or session patterns. In addition to the information provided by the clusters, the pro-

posal of Zorrilla et al. also indicates the resources that has usually been used together. To obtain

these data, Apriori, an algorithm for finding association rules, is employed.

More proposals of educational monitoring tools based on DM techniques can be found in

(Baker and Yacef, 2009; Romero and Ventura, 2007).

G.2.1.3 Information visualization vs. data mining

One of the main differences between information visualization (InfoVis) and data mining (DM)

is how new information is inferred. Due to the complexity of the algorithms used in DM, these

are able to suggest latent information with an explanation based on text, rules, clusters, etc. For

example, a tool based on DM techniques could give the following output: “student S is about to
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drop out because she has not acceded to the classroom for two weeks”. By contrast, in the case of

the tools based on InfoVis techniques, new information is not inferred by an algorithm, but by

users who combine the visual inputs of the graphics with their knowledge of the domain.

As a result of the manner of inferring new information, two issues arise: (1) reliability, and (2)

computational cost. Regarding reliability, the users of tools based on DM must rely on the accu-

racy of the information suggested by the algorithm, whereas the users of tools based on InfoVis

infer reliable information based on their own expertise. As far as computational cost is concerned,

InfoVis techniques calculate statistical data that require minimum processing, while tools based

on DM execute complex artificial intelligence algorithms which are usually time-consuming .

Another important aspect is user-friendliness. In this regard, Merceron and Yacef (2008) argue

that it is essential to use techniques and measurements which are fairly intuitive and easy to in-

terpret. This may be one of the weak points of the applications based on DM techniques, because

the explanation provided by this kind of tool often requires users to master the algorithm so as

to understand it. Unfortunately, a lot of users neither have this knowledge nor can make time for

acquiring it. On the contrary, tools based on InfoVis seem to best meet these requirements, since

they use simple statistical data and focus on displaying information in a visual and effective way.

Despite the differences between information visualization and data mining, they can work

together in an application. For instance, a system could first infer some latent information from

a large database by using a DM algorithm and then display it by using a visual representation

based on InfoVis techniques. Thereby, users can benefit from the advantages of each technique: on

the one hand, the possibility of inferring new data automatically and, on the other, the capability

of visual representations to convey information effectively. This combination of DM algorithms

with InfoVis techniques is called visual data mining (Keim et al., 2002). Nowadays, there is every

indication that this new discipline will become a promising research area.

G.2.2 Monitored element

Although the most popular term is student monitoring tools, it would be more correct to call them

educational monitoring tools, since they can monitor other items in addition to learners. In this

regard, this section describes the elements that are usually monitored in an educational context.

.

• Class

• Student group

• Individual student

• Resources

At this point, it is important to stress that both InfoVis and DM techniques can be used to track

any of these items.
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G.2.2.1 Class

The most common item is the whole class, i.e. all the students are considered a unique entity. This

entity is characterized by the overall information that comes from combining all students’ tracking

data, e.g. class’s average grade in each assignment. Thanks to this, instructors get an overview of

their learners’ performance. As a result, teachers can make decisions that affect the whole class.

Most educational monitoring tools show data of the class.

G.2.2.2 Student group

A particular case of the previous monitoring is the one which focuses on groups that consist of

students from the same class. This kind of monitoring is really useful when group activities are

proposed, e.g. tasks that belong to a project-based learning. In this regard, the supervision of the

groups enables to obtain information about how the students interact each other, who are the most

and least participative members of a group, which group has the best and the worst performance,

etc. In this regard, (Bakharia and Dawson, 2011; Juan et al., 2008; Pirrone et al., 2009) are examples

of group monitoring tools.

G.2.2.3 Individual student

Teachers often need to take a closer look at a particular learner or make comparisons between

students. For this reason, they need tools that provide detailed information about an individual

learner, e.g. how many times a student has accessed to the VLE. These data may help instructors

to gain an understanding of the reasons why a specific learner has a particular behavior. Thanks

to this understanding, teachers can offer each student a better support and a tailored learning

experience. Regarding this, CourseVis (Mazza and Dimitrova, 2004) and Moodog (Zhang et al.,

2007) are two tools that display information of a particular student.

G.2.2.4 Resources

The term resource encompasses a wide spectrum of elements, from learning materials (e.g. doc-

uments, videos, quizzes, etc.) to educational tools (e.g. forum, chat, VLE’s pages, etc.). In this

regard, there are multiple types of data related to resources that can be tracked, e.g. how many

times a document has been read, how many messages a forum has, the path that a learner fol-

lowed while she was navigating through a VLE, etc. Hence, monitoring resources may provide

teachers with valuable information on the instructional design (e.g. to detect a bad design of con-

tent pages) and students’ performance (e.g. to detect whether learners are engaging in the course

thanks to forums participation). An example of this kind of monitoring is (Zorrilla et al., 2010).

At this point, it is worth stressing that a graphic can simultaneously provide information about

various items depending on how this is read. For instance, Mazza and Dimitrova (2004) use a ma-

trix to show students’ performance on quizzes. When teachers pay attention to a specific column,

they observe the performance of a particular student in all course quizzes. By contrast, when a row

is observed, then teachers analyze the performance of the whole class in a specific quiz.
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• Paper [2]: it introduces AdVisor 1.0 by emphasizing, on the one hand, the information struc-

ture and, on the other, the visual elements and the views of the interface. The content of this
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