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Preface

The education industry has obviously been influenced by the Internet revolution. Teaching
and learning methods have changed significantly since the coming of the Web and it is very
likely they will keep evolving many years to come thanks to it. A good example of this chang-
ing reality is the spectacular development of e-Learning.

In a more particular way, the Web 2.0 has offered to the teaching industry a set of tools and
practices that are modifying the learning systems and knowledge transmission methods.
Teachers and students can use these tools in a variety of ways aimed to the general purpose
of promoting collaborative work.

In these 27 chapters, we survey many of all those disciplines that help the educative com-
munity to achieve real Advanced Learning. This book is organized in seven sections: the
first one (chapters 1 to 5) deals with matters concerning Computer-Supported Collaborative
Learning (CSCL), collaborative authoring tools and adaptive environments; in the second
section (chapters 6 to 10) subjects such as mobile learning, ubiquitous devices and games are
considered; the third section (chapters 11 to 15) studies the semantic web and semantic tools;
section four (chapters 16 to 19), looks into web 2.0, online communities and social software; in
section five (chapters 20 to 23) standardization in e-Learning is discussed; in the continuing
section, number six (chapters 24 and 25) robotics and bioelectronics are approached; finally,
section seven (chapters 26 and 27) presents the organization of educational material.

The editor would like to thank the authors, who have committed so much effort to the pub-
lication of this work. She is sure that this volume will certainly be of great help for students,
teachers and researchers. This was, at least, the main aim of the authors.

Raquel Hijén-Neira

Assistant Professor

Dpt. Lenguajes y Sistemas Informaticos |
Universidad Rey Juan Carlos

Spain

raquel.hijon@urjc.es
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Enhancing on-line Blended Learning Systems
using a new Human-Computer Interaction
Educational Methodology

Ismael Pascual-Nieto, Diana Pérez-Marin, Mick O’'Donnell
and Pilar Rodriguez

Universidad Autonoma de Madrid

Spain

1. Introduction

The Internet has given rise to one of the latest revolutions in Education. While in the past,
students learned primarily passively, by attending lectures given by human teachers, today
the student can become an active agent in the learning process through the use of web-based
educational systems.

This revolution has also affected the assessment of courses (Peat & Franklin, 2002).
Traditionally, assessment focused on paper & pencil written exams. Web-based educational
systems on the other hand have favoured the introduction of different types of summative
and formative assessment, in which formative assessment is used to teach and not only to
score the student’s work.

However, the use of web-based learning and assessment in isolation from traditional
teaching has been shown to present problems, such as the loss of the student-teacher
relationship (Chung & O'Neill, 1997). Therefore, Blended Learning has appeared, proposing
the combination of traditional teaching methods with the use of computers for education
(Graham, 2006). Following this approach, the student-teacher relationship is not lost, but the
roles change: the teacher becomes a guide who facilitates learning and the student is in
charge of his/her own learning process.

The use of Blended Learning systems has not become as widespread as it could become. We
believe that one reason for the slow uptake is that many Blended Learning systems are
designed by Computer Science teachers for Computer Science students, and because the
designer is aware that the intended users have reasonable technical skills, they do not put
much attention into the user-friendliness of the system.

We believe that current systems could be much improved if they were designed according
to Human-Computer Interaction (HCI) principles. Taking such an approach, Blended
Learning systems would be more accessible for everyone, and not only for those with
Computer Science training.

Here, in this chapter, we present one solution to this problem: a methodology for the
management of human-computer interaction within Blended Learning systems.
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This chapter is structured as follows: firstly we survey the existing work in the relevant
fields (Blended Learning, Computer Assisted Assessment, and Human-Computer
Interaction). Then we describe our proposed HCI Educational Methodology, and provide
two case studies to illustrate the methodology. Finally, we present our conclusions drawn
from the results achieved in the case studies and some lines of future work.

2. Related work

Given the multidisciplinary nature of the work presented in this chapter, no single field can
be highlighted as most relevant to our work. Therefore, in this section, an introduction to the
fields of Blended Learning, Computer Assisted Assessment and Human-Computer
Interaction is provided.

2.1 Blended Learning

Blended Learning systems combine traditional teaching methods with the application of the
new Information and Communication Technologies (ICTs) for education (Graham, 2006).
Combining these approaches, students continue to learn from lectures with their teachers,
while, outside of class, they can gain additional training from on-line courses, running on
any computer connected to the Internet.

In recent years, e-learning systems have been adopting the Blended Learning approach
because Blended Learning systems have the advantages of e-learning (flexibility in time and
location, adaption to particular user needs, etc.), without its disadvantages (teacher-student
relationship broken, isolation feeling in front of the computer, etc.)

However, the use of Blended Learning systems has still not spread to all educational
institutions, largely because of issues of its own (Garrison & Kanuka, 2004). It is not just that
teachers and students need to adapt to new computer technology. The introduction of
Blended Learning systems into an educational institution requires the involvement at all
levels, including administration and support services: the development of policies for the
integration of computers as an educational resource; the provision of funding for the
development and management of different Blended Learning programs for different areas
of knowledge, and the systematic evaluation of the degree of user satisfaction of the Blended
Learning program among students and teachers to test its success.

The use of Blended Learning program might be rejected simply because of technological
challenges, if not all teachers and students can be assumed to have necessary technological
skills to use the software (Kim, 2007). This could be why the uptake of Blended Learning
systems has been strongest in Computer Science departments (Howard et al., 2006; Kim,
2007; Fong, 2008).

Our contribution to this field is to provide a methodology detailing how to design Blended
Learning systems so that they are easy to use for people without any technical training, and
thus to lessen the rejection of Blended Learning programs for this reason.

In particular, our focus is on formative assessment, as we believe that a Blended Learning
program can operate effectively with the content of the course being delivered by teachers
through lectures, while the online component is used by the student to review the content
after class.
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2.2 Computer Assisted Assessment

The increasing use of computers for educational assessment had led to the creation of the
field of Computer Assisted Assessment (CAA) (Mcgrath, 2003; Mitchell et al., 2003; Palmer
& Richardson, 2003). CAA can be defined as the field that studies how computers can
effectively be used to assess students’ learning progress. Originally, CAA was limited to just
Multiple Choice Questions (MCQs) and fill-in-the-blank exercises, despite the general
opinion in the field that these types of assessment are not enough by themselves to measure
higher cognitive skills (Birenbaum et al., 1992; Sigel, 1999; Mitchell et al., 2003).

Therefore, new and more sophisticated types of assessment were created, such as simulation
exercises or assessment of students’ free-text answers or essays (Valenti ef al., 2003).
However, many argued that these types of assessment were too complex and sophisticated
to be performed by computers (Hearst, 2000).

In particular, there have always been detractors dismissing the idea that a computer could
grade human essays. There are still today researchers who do not consider that automatic
grading is possible. These researchers claim that computers do not have common sense and
thus are not able to understand the students’ answers. However, the advances in other
research fields such as Natural Language Processing (NLP) have provided the means of
overcoming this limitation up to certain point (Valenti et al., 2003).

Currently, there are more than thirty different free-text CAA systems working in academic
institutions and companies. They are based on the use of different NLP techniques such as
Latent Semantic Analysis, Information Extraction, or statistical techniques (Deerwester et al.,
1990; Mitchell et al., 2003; Mitkov, 2003).

It would be pleasing to have one standard metric to measure the goodness of the automatic
evaluation of students’ free-text answers, and to be able to highlight one of these free-text
CAA systems as the best one. However, there is no consensus among free-text CAA
researchers, and thus we can only say that if we choose as a possible metric the correlation
between the automatic scores and the scores marked by a human to the same set of
questions, the state-of-the-art results range from 0.3 up to 0.95 (Pérez-Marin, 2007).

Our past work in this area made two contributions. Firstly, as we believe that free-text CAA
systems should keep a model of each student so that the system can adapt the assessment to
the needs of the particular student, we proposed the use of free-text Adaptive Computer
Assisted Assessment (ACAA) systems. Free-text ACAA systems can be defined as free-text
CAA systems able to assess students’ free-text answers to non-ambiguous open-ended
questions in an automatic and adaptive way (Pérez-Marin et al., 2006a).

Furthermore, free-text ACAA systems can also keep track of the students’ conceptual
evolution to generate Open Learner Models, that is, models that can be shown both to
teachers and students, with information about which concepts should be reviewed, and
which concepts have already been assimilated by the students (Pérez-Marin et al., 2007a).
Our second contribution has been to provide the ability to combine free-text assessment
with self-assessment (Pascual-Nieto et al., 2008). This combination is beneficial to the free-
text CAA field as automatic assessment is still not perfect, and whenever the system makes
a mistake, the self-assessment allows the students to correct it.

2.3 Human-Computer Interaction
There have been many definitions of Human-Computer Interaction (HCI). For instance,
Tufte (1989) defines HCI as follows: “Human-Computer Interaction can be understood as two
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potent information processors (a human and a computer) trying to communicate with each other
using a highly restricted interface”. Also, Preece (1994) offers an alternative definition:
“Human-Computer Interaction is the discipline of designing, evaluating and implementing
interactive computer systems to be used by humans”.

Nevertheless, the great majority of these definitions share the same key idea: computer
applications should be designed using principles that adapt their interface to make it easier
for humans to use them (Berge, 1999). It has been claimed that even if a computer system is
perfect from a technical point of view, the system could be regarded as a failure if users do
not understand how to interact with it. Furthermore, the relevance of HCI and of making
usable computer applications can also be seen in the fact that at least 48% of the code of
computer applications is devoted to the interface (Myers, 1998).

Shneiderman (2002) stated that, while in the past Computer Science was more oriented to
what computers could do, now Computer Science should be more oriented to what users
can do with computers. This means that researchers not only from Computer Science, but
also from Psychology, Sociology and other areas of knowledge should devise a set of
principles to help designers to make computer applications user-friendly. Some of these
principles are gathered below (Dumas & Redish, 1999; Holzinger, 2005; Thimbleby, 2007):

- A different interface should be provided for novice than for expert users.

- It is important to keep all interfaces of a program consistent in their terminology,
format and procedures.

- Users should be assisted with dialogue boxes whenever the task to be accomplished is
complex. Moreover, if the task is composed of several subtasks, a flow diagram should
be shown to indicate all the subtasks, and which subtask is currently being done.

- The messages provided to the users should be meaningful.

- The application should have on-line help.

- Users should be provided the same information in different representation formats to
improve the accessibility of the application (e.g. a written message could also be read
aloud to help blind people).

- The answer time of the application should be reasonable. Where tasks take a long time,
a progress bar should indicate the amount of work done, and the amount of work to
be done. In all cases, the user should receive confirmation to his or her actions (e.g.
with a written message and/or a sound).

- If the computer application has a complex navigation structure, a site map or some
kind of structure should be shown to help the user orientate himself or herself through
the application.

- Cognitive aspects should be taken into account, such as the importance of color (e.g.
avoid using aggressive combinations such as yellow/black or red/black) and the
limited short-term memory of users (e.g. messages of previous screens should be
repeated if they are going to be needed in the future).

These principles should be applied in the design of any computer application. In particular,
our interest in this work is the application of HCI principles for educational applications, in
which the users are teachers and students who may not have any computer training.

Some researchers are already aware of the importance of correctly managing HCI in
educational applications (Borsook & Higginbotham-Wheat, 1991; Drave, 2000; Rovai &
Barnum, 2003; Chou, 2003; Anderson, 2004). Their research has provided some results: the
recipes of Borsook & Higginbotham-Wheat (1991), which aim to make web-based learning
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applications more interactive; the framework of Chou (2003), intended to simplify the
design of interactive web-based learning applications; or the distance education interactivity
theory of Anderson (2004).

However, to our knowledge, there have been no proposals of a formal methodology to aide
designers of web-based learning applications, and in particular for Blended Learning
applications and their particularities. Our contribution in this chapter tries to fill that gap, by
proposing a Human-Computer Interaction Educational Methodology for on-line Blended
Learning systems, as we will describe in the next section.

3. Human-Computer Interaction Educational Methodology for on-line Blended
Learning systems

The proposed HCI Educational Methodology presented here will be called M-I2P5. This
methodology defines a set of methods or strategies to manage the interaction in a Blended
Learning system between the teachers, students and the content of the system.

The definition of M-I2P5 starts with the identification of the entities (i.e. agents of the
methodology), the data model, the interactions and the computational processes (i.e. actions
performed by a computational layer o middleware to achieve an interaction goal), which are
the target of the methods or strategies that will serve to manage the interaction in on-line
Blended Learning systems. Figure 1 shows an interaction scenario with these elements.

Middleware
D Interaction Management

\ Agent N

——— Teacher
Inprmatlon Flows Process 1 Interaction N

|

Interaction 1 +—— A
Agent 1 Process N Information Flows

Student > /
Data —

Model

o J

Fig. 1. Scenario with the proposed elements used to define the framework of M-I12P5

4

As can be seen in Figure 1, three different entities are distinguished: students, teachers and
the computer application or middleware. The middleware is a key entity for the
methodology as it is the entity in charge of implementing the methods to manage the
interaction. In fact, two main types of interactions are considered:

- The student-middleware interaction: students log into the on-line Blended Learning
system and interact with the computer (middleware). Similarly, the middleware has
to provide a response to any action of the student in a way that s/he can understand,
without having any kind of specific computer training.
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- The teacher-middleware interaction: teachers also need to interact with the
middleware. Two subtypes of interactions can be distinguished here: firstly, the
editing of the content of the Blended Learning course, and secondly, the monitoring of
student learning progress (individuals or groups). It is important to remember here
that while in an e-learning system the teacher totally disappears, in Blended Learning,
the teacher changes his/her role from being the source of knowledge (in traditional
teaching) to becoming a guide and facilitator of the learning.

Regarding the data model, note that while the kind of data that an on-line Blended Learning
system needs to store can vary widely (questions, algorithms, numbers, texts, etc.), for most
educational learning systems these data can all be expressed as a set of concepts and their
relationships (Novak & Gowin, 1984).

In this work we therefore propose to use a conceptual model as part of the data model. A
conceptual model can be defined as a set of related concepts and their relationships. Each
concept can be associated with text, figures, sounds, etc.

It is also important to bear in mind that besides the content of the course stored in the
domain model, in order to make the on-line Blended Learning system adaptive to the
student, a student model should also be kept (Brusilovsky & Eklund, 1998). Moreover, the
student model should be stored in a form that allows it to be shown to the students,
allowing them to keep track of their progress (Dimitrova, 2001; Zapata-Rivera et al 2007).
Therefore, we propose to use a conceptual model not only as part of the domain model, but
also as part of the student model.

Finally, Figure 1 also shows the middleware as containing a set of computational processes,
which can be defined as a series of actions which are carried out in order to correctly
manage the interaction between pairs of the identified entities (students, teachers and the
middleware itself). The description of these processes is presented in the following sections:
the computational processes which manage the interaction between the student and the
middleware are included in Section 3.1, and the computational processes which manage the
interaction between the teacher and the middleware are included in Section 3.2.

3.1 Processes for the management of the student-middleware interaction

As can be seen in the scenario of Figure 2, three processes have been distinguished: the local
assessment process, the global assessment reporting process and the learning process. All of
them are described below.
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MIDDLEWARE

GLOBAL ASSESSMENT I
l REPORTING PROCESS
STUDENT
/ MOpEL
LOCAL ASSESSMENT OF
KNOWLEDGE PROCESS
STUDENT
L DOMAIN
T EARNING MODEL
PROCESS

Fig. 2. Scenario showing computational processes for managing the student-middleware
interaction in the methodology M-12P5

3.1.1 The local assessment process
The goal of the local assessment process is to capture the student’s knowledge for evaluating
it. In order to achieve this goal, the procedure should be as follows:

1. The middleware asks the student a question.

2. The student answers the question, providing the middleware with indicators of how

well s/he knows the answer.

3. The middleware evaluates the knowledge indicators and returns feedback to the

student indicating the assessment.
Furthermore, from an interaction point of view, some HCI principles that should be taken
into account in this procedure:

e To communicate following a dialogue metaphor: Human-Computer communication is
facilitated when it is similar to Human-Human communication. Therefore, given that
humans communicate with each other using dialogues, it is natural for us to
communicate with computers using, if not dialogues (as they are still too complex to
analyze from a Natural Language Processing point of view), at least dialogue
metaphors.

o To adapt of the information presented to the student: each student, according to his or
her learning style, can manage information in a different way. Thus, the information
presented to them should be adapted to their abilities and preferences.
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To limit the cognitive overload: human working memory is limited. Thus, the number
of elements in the interface should also be limited and also important ideas that are
needed from one screen to another should be repeated.

To provide immediate feedback: for each exercise or question the student should be
given textual or visual feedback. It is an HCI principle that each action of the user has
to have a visible reaction. That is, for each question answered by the student (action),
the system should provide the student with feedback (reaction).

To provide the possibility of self-assessment: the student should not be regarded as a
passive agent in the student-middleware interaction. Rather, the student should be
able to intervene not only in their learning process, but also in their assessment
process, as an active critique part. When the automatic assessment of the system is not
perfect (e.g., as when free text answers are assessed), the student should have scope to
modify the assessment, perhaps with later review by the teacher.

3.1.2 The global assessment reporting process

The goal of global assessment reporting process is to provide to the students global feedback
information about their progress in the course. Hence, this process is different from the
previous process in that it provides assessment for the whole course, rather than a single
question. To achieve this goal, there are five important HCI principles that any on-line
Blended Learning system designer should take into account:

To provide multimodal information: all information, including the feedback, should be
presented in several representation formats. That way, different aspects can be
highlighted in each representation, and in the case that one student cannot understand
one representation format, s/he would still be able to understand one of the others.

To provide a summary of the information: as with the local assessment process, limited
working human memory should be taken into account (indeed this factor is more
important here due to the larger amount of information to present). Thus, summaries
should be provided instead of providing all detailed information on one screen.

To provide feedback: this feedback is not the same than the immediate feedback of the
local assessment process, but feedback that should be available to the student anytime
s/he wants it. This is particularly relevant to many Blended Learning systems in which
the goal of the assessment is not summative (i.e. to score the students), but formative
(i.e. to teach with feedback adapted to the mistakes found in the answers provided by
the students).

To show state indicators: students should also be aware of the subtasks needed to pass
the course. Furthermore, the system should mark the level of progress made by each
student in each subtask. Thus, the student can identify which subtasks need more
work, and which have already been successfully completed, and his/her efforts can be
oriented towards the pending subtasks.

To allow students to review their previous work: even if a student has completed a
subtask, s/he should be permitted to review the work done. For instance, a history of
already passed exercises could be provided. In this history, both theoretical and
practical content could be stored together to allow students to review the theory of the
course with practical examples.
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3.1.3 The learning process

The goal of the learning process is to manage the interaction between the student and the
middleware whenever the student is learning new content. The difference with the previous
processes is that their focus was more on assessment (albeit formative assessment). Thus, in
this process there is no capture of knowledge from the student, rather, it is the student who
captures knowledge from the system.

Some HCI principles that designers should take into account when implementing this
process are similar to the ones previously explained for assessment, but taking into account
that here the focus is on teaching and not on evaluating;

To promote the anchoring of new information with previous information: this HCI
principle is based on the Meaningful Learning Theory (Ausubel, 1963), which claims
that, in order to learn new concepts, students should understand previous concepts to
which the new concepts are linked. In fact, according to Ausubel, this is the only way
to learn something meaningfully. Thus, it is important that the organization of the
structure of the course facilitates the anchoring of new information to previous one,
and the existence of prerequisites.

To generate local explanations for specific doubts: similarly to the local assessment
process, and taking into account the limitation of the short term human memory, not
only it is necessary to provide local feedback, but also to provide local explanations so
that students can focus on those specific aspects of the course which could be more
complex to understand.

To remove irrelevant information: any irrelevant information might distract the
attention of the student from the key content of the course. Thus, the interface should
be designed to remove irrelevant elements and to help the student maintain their
focus.

To adapt the learning to each student: similarly to the assessment process, the learning
should also be adapted to each student. Thus, not all students should be presented the
same information, but according to each student profile, the information presented
should be different.

To provide multimodal information: as with the assessment process, students are not
equally able to understand information presented in particular representation formats.
That is, the adaptation of the content should also cover the representation format. For
instance, according to each student learning style, some students may understand the
content of the course shown in diagrams, while other students may understand it
better presented as text. Moreover, even among students who prefer a certain learning
style, not all of them may understand the concepts written in the same way. This could
be solved by asking two or more teachers to collaborate when creating the Blended
Learning course (considering also that usually one course is not imparted just by one
teacher, but by several).

3.2 Processes for the management of the teacher-middleware interaction
As can be seen in Figure 3, two processes have been distinguished: the domain model
creator process and the monitoring process. Both of these are described below.
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= MIDDLEWARE

DOMAIN T —» DOMAIN MODEL
MODEL D— ACQUISITION PROCESS

STUDENT STUDENT’ PROGRESS
MODEL MONITORING PROCESS

TEACHER

Fig. 3. Scenario showing the computational processes for managing the teacher-middleware
interaction in the methodology M-12P5

3.2.1 The domain model acquisition process

The goal of the domain model acquisition process is to manage the acquisition of the content
of a Blended Learning course as provided by the teachers. However, the process of
transferring that knowledge into the Blended Learning system is not easy. The goal of the
domain model creator process is to facilitate the creation of the domain model of the course
by making the authoring tool interface more targeted and easier to use.

Moreover, the process to manage the interaction between the teacher and the authoring tool
is necessary because teachers tend to have more difficulties than students to learn to use on-
line applications (Muir-Herzig, 2004). Therefore, the system should apply at least the
following HCI principles:

o Allow teachers to use document editors: teachers should be permitted to complete the
information for the domain model of the course by using text templates. Many
educators know how to use document editors and they already have an electronic
version of their course material. Therefore, by using a document editor to create the
domain model, they would not have to learn a new computer application, and it
would be easier for them to reuse previous material.

e Allow teachers to update the content of the course: teachers may need to modify
information previously introduced in the course and they should have an easy way to
do it with the authoring tool of the Blended Learning course, or just by uploading a
new version of the text template. In any case, they should not be forced to find in
which places they have to make the change, but the task should be facilitated by
allowing them to introduce the modification and thus, automatically updating the rest
of the course accordingly.
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Allow teachers to use a natural hierarchy for the structure of the courses: usually
teachers in their courses follow a hierarchical structure. Thus, they should be permitted
to transfer this hierarchical structure to the electronic version of the course in case they
want it.

Limit the information presented in the screen: similarly to the processes for the
student-middleware relationship, the interface to be used by the teachers should also
be limited to the necessary information. This is because of the limited short term
memory that humans have. Moreover, it is not advisable to make teachers scroll through
the text as it deviates his or her attention from the main task of editing the course.

Allow teachers to introduce multimedia content: on-line Blended Learning courses are
not only composed of text. Therefore, the task of uploading videos, images, sounds,
etc. should be easily found so that teachers feel encourage to use this feature.

3.2.2 The student’s progress monitoring process

The goal of this process is to provide the teacher with the possibility of keeping track of the
progress made by their students in an easy way. Many educational computer applications
generate logs registering the actions performed by the students; however these logs are
difficult to understand by non Computer Science experts (Mazza & Dimitrova, 2005).
Therefore, a graphical interface should be presented to the teachers according to the
following HCI principles:

To organize the presentation of the information of the students’ progress: teachers
should be given the possibility of choosing by clicking on the name or photo of their
students any group of students to which they want to see their progress. For teachers,
it is intuitive to have a list of the class with the students” names (sometimes even with
their photos). From this list, they can choose one student to get an individual report
about him/her, or to choose a group of students, even the whole class to get a
summary report from the individual reports of the students chosen.

To provide complete and multimodal information: similarly to the assessment
processes for the student, the feedback for the teacher should also be shown in several
representation formats. That way, teachers can get a more complete view of the
progress made by their students as each representation focuses on a different aspect.
To guarantee that the information is updated: teachers would only consider updated
information as the student reports may greatly change during the course. However,
teachers are usually too busy to be able to update by hand the student reports.
Therefore, an automatic mechanism should be activated that guarantees that the
information is always updated, without loading the teacher with more work.

To allow teachers to choose the level of detail of the students’ progress reports: unlike
students, teachers should have the possibility of looking the reports of any of their
students up to the level of detailed the teachers required. Intuitive tools such as
presenting an augmenting zoom to provide more details should be shown in the
interface to make this task easier.

To generate automatically reports out the tool: teachers may not have time to use the
on-line Blended Learning tool on a weekly basis. However, this does not usually mean
that they are not interested in looking at the reports. Therefore, teachers should be
given, for instance, the possibility of automatically receiving the reports in their mail
boxes.
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4. Experiments and results

In order to find out whether the use of the HCI Educational Methodology proposed for on-
line Blended Learning systems allows these systems to be used without problems by
students and teachers without any computer training, we implemented the processes of the
previously described methodology in our own on-line Blended Learning tools, Atenea and
COMOV, which did not implement M-I2P5, resulting in a system, now with M-I2P5
incorporated, called Will Tools (Pérez-Marin et al., 2006b; Pérez-Marin et al., 2007b).

The reason why the tools were not originally designed according to HCI principles lies in
the fact that we are Computer Science teachers and our students are Computer Science
students, who do not usually have any problem in using new software. However, our
insight was that the systems could and should be easily adapted to use by students and
teachers without computer training too.

The only requisite was to have a proper HCI Educational Methodology. Therefore, once we
had devised the methodology, we implemented it in the Will Tools. Moreover, we tested the
new tools with students and teachers from English Studies in our home university, who do
not have any specific computer training.

The methodology has been evaluated using three metrics: usability tests, satisfaction
questionnaires and personal interviews. Both objective and subjective aspects were
addressed by the metrics.

Furthermore, the evaluation was done in two different case studies: the first focusing on the
evaluation of the processes to manage the interaction between the student and the
middleware (described in Section 4.1); and the second focusing on the evaluation of the
processes to manage the interaction between the teacher and the middleware (described in
Section 4.2).

4.1 Case Study 1: evaluating the impact of the use of the proposed HCI Educational
Methodology (M-12P5) on the student-middleware relationship
There are three main research questions to answer with the results of this case study:

- Do students with computer training notice the application of the principles of the proposed
methodology M-I2P5 in Willow? This was tested by contrasting the level of
satisfaction and frequency of use of Atenea+COMOV to the level of satisfaction
and frequency of use of Willow. This question will be answered in Section 4.1.1.

- Do students without computer training use all Willow’s features, and how does their
behaviour when interacting with the system differ from the behaviour of the students with
computer training? These two questions will be answered in Section 4.1.2.

The experiments performed were classified as indicated in Table 1.

Profile without specific Profile with specific computer
computer training training

System without M-I2P5
(Atenea+COMOV)
System with M-12P5
(Willow, Willov, Willed)

Table 1. Organization of the experiments

- Computer Science Studies

Computer Science /

English Studies Telecomunications Studies
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The first experiment was performed during the 2006/2007 academic year. In this
experiment, 24 (41% of the class) Engineering students (with computer training) voluntarily
used Atenea (see Figure 4) to review their Operating Systems course, from October to
January.

The second experiment was performed during the 2007/2008 academic year. In this
experiment, 22 (49% of the class) English students (without computer training) voluntarily
used Willow (see Figure 5) to review their Pragmatics course, from October to January.

The third and last experiment was also performed during the 2007/2008 academic year. In
this experiment, 133 (77% of the class) Engineering students (with computer training)
voluntarily used Willow to review their Operating Systems course, from May to June.

Atenea

Un sistema adaptative que te evalua

Te quedan 5 preguntas por contestar

{mantienes ol nivl porqus superasts fodas las preguntas de los miveles infériores)

Pregunta:

¢ A quétipo de sistemas (tiempo real, tiempo compartido, sistemas batch,...) le afecta mas el criterio de tiempo
de retorne a la hora de disefiar su planificador ? Justifica tu respuesta.

NOTA 1: S6iawmente 136 paiapras en espaliof Gin coust i , $mDoIos 0 COdi
NOTA 2 Puedes consequir hasta 0.5 puntos @on 0.25 pantos superas Iz preguirta).

NOTA 3: No te preccupes si falias akora Iz pregunta, el sistems te i presentard de nuevo ex ol futaro y podris mejorar tn nota.

Respuasta:

A los sistemas batch.

Fig. 4. Sample snapshot of Atenea (without M-12P5) asking a question to the student

BN
Chi il
Repaso de Conceptos de PRACTICAS

Seleccionar Curso

bd Seleccionar Temas

& ar Repaso ﬂle diferencias hay entre usar wait y usar waitpid?
. Hitérico de Respuestas La respuesta mas larga dada por un profesor tiene 70 palabras
£ Mi Modelo
25 Modelo de Todos
% Modificar Mis Datos
= - Las diferencias son que wait espera = cualquier proceso,
° Avatares mientras que waitpid al procesa del pid que se le pasa como
—;_ argumento.

Evaluar Respuesta Palabras: 22

Fig. 5. Sample snapshot of Willow (with M-I2P5) asking a question to the student
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4.1.1 Impact of the methodology for students with computer training

In order to answer the question whether students with computer training would notice the
application of M-I2P5 in Willow, the results achieved in the first experiment (using
Atenea+COMOV without the methodology), and in the third experiment (using Willow
with the methodology) were compared.

The students of both experiments were motivated in the same way: they were told that
students with borderline fails would be passed if their scores in the system showed progress.
We also provided a 5-minute explanation of the goal of the systems and very little
information about how to use it. We recommended the students to use the system on a
weekly basis, rather than trying to review the whole course before the exam.

At the end of the course, we measured the frequency of use of the systems. Figure 6 shows a
histogram with the frequency of use of Atenea by the 24 Engineer students of the first
experiment. It can be seen how, in general, students did not follow our recommendation of
using the system weekly. Rather, most of them used it only on the days just before the mid-
term exam in November and to the final exam in January. It is also important to highlight
that the number of students using the system increased for the final exam. This could be
considered as an indicator that the students found the system useful when reviewing for the
mid-term exam. However, there are weeks in which no student logged into Atenea.
Regarding the use of the monitoring tool COMOV, only 11 (46%) students used the system
during the semester.

Figure 7 shows a histogram with the frequency of use of Willow (with the methodology
implemented) by the 133 Engineering students of the third experiment. It can be seen that
the frequency of use is now higher (in fact, the scale of the diagram is not weeks but days).
Moreover, it can be seen that they tended to use the system daily and not only the days
before the exam, which was in June. From the logs of Willow, we observed that usually after
answering a set of questions, students looked at their conceptual models or the conceptual
models of the class with the information about their progress in the course.

“Number of questions mid-term exam final exam
answered

ap :
80 :
70 :
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Week Week Week Week Week Week WWeek Week
1 3 5 T g 11 13 ! 15
—Dctober—Nwember———.—Decemher ——————— ——-January-—-t--—-—--—--

Fig. 6. Frequency of use of Atenea (in weeks) by students with computer training.
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Fig. 7. Frequency of use of Willow (in days) by students with computer training

Regarding the level of satisfaction achieved by the students, they were asked to fill in a
voluntary and anonymous satisfaction questionnaire. Given that filling in the questionnaire
did not have any impact on the students” score, only 5 (21%) of the students from the first
experiment completed it. All these respondents considered Atenea useful and easy to use.
We also performed personal interviews of three randomly chosen students, each interview
lasting for about 30 minutes and focusing on the student’s opinion of the system, and how it
could be improved. Firstly, all of them stated that they liked the system, and that it was
useful to review concepts. Later, when we started asking about features of the system, the
students declared that the problem they found was that the system was too strict, and
sometimes it seemed unfriendly. Two of them declared that they felt they were being
examined, and that they felt that they did not have freedom to interact with the system.
When the students were asked why only 11 students had used COMOV, they said that the
COMOV system had not worked for them. COMOV had been developed using a particular
browser, and, while the students had been told to use that browser, many of them did not,
and thus 54% students could not get the system to work, and did not report the problem to us.
77% of the students in the third experiment filled in the satisfaction questionnaire because in
the 2007/2008 academic year, the questionnaire was given in hand to the students in class,
and although it was also voluntary, teachers stressed its relevance. All of the students
considered that Willow is easy to use and interesting. None of them said that Willow was
unfriendly or too strict. On the contrary, most of the students stated that they liked
reviewing the course with Willow because it is interactive and engaging. These students also
used the global feedback features more, as they were integrated in Willow, and they did not
have to use a different system such as COMOV.

4.1.2 Comparison of the impact of the methodology between students with and
without computer training

In order to answer the questions whether students without computer training are able to use
all Wil