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This paper presents a teaching—learning methodology that combines Blended Learning (BL) and Computer-Supported
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1. Introduction

The European Union (EU) recently established the
European Higher Education Area. With this move,
the EU wants to ensure that all higher education
programs across Europe are on an equal footing,
thus improving student mobility and employability,
lifelong learning opportunities, and also the compe-
titiveness and quality of universities in the EU.
What this actually means is that all European
universities now find themselves facing the challen-
ging questions of how to develop more transparent
study programs, and how to improve the quality of
their own programs. This context provided us with
the opportunity to question whether any adapta-
tions or improvements could be made to how we
were delivering different subjects to our own stu-
dents.

What was clear from the start was that we wanted
to provide a methodology and tool that could help
teachers to perform continual assessment: we
believe that it allows teachers to evaluate their
students’ understanding and abilities better than
does a single final exam, and that students also
learn better if they are given the opportunity to
retake failed tests. The only problem with contin-
uous assessment is that it is often based on subjective
reasoning, rather than on the use of objective data,
so we would also need to overcome this limitation.

We identified that we should be trying to provide
a tool that: a) facilitates the assimilation of concepts
by students, b) increases motivation amongst stu-
dents, c) allows teaching staff to monitor and access
student performance and participation, and d)
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improves the objectivity of information available
to teaching staff regarding their students’ perfor-
mance and participation. With this last point, we
want to ensure that the continuous assessment
process is made more objective, and thus ensure
that the quality of the course can be reproduced year
after year, or at other EU universities. Based on
these ideas, we propose incorporating new technol-
ogies in the classroom and combining them with
innovative teaching methods to improve the teach-
ing-learning process. This paper presents our pro-
posed methodology and our conclusions regarding
its performance.

Our proposed methodology focuses primarily on
the use of Blended Learning, which consists of
simultaneously delivering both classroom-based
activities and distance learning and self-evaluation
on the part of the student. However, it is worth
noting that BL also includes a strong collaborative
aspect, as will be seen later on. For the purposes of
ourresearch we have designed a tool for our students
to use when working together in small groups. This
tool has been designed for autonomous learning and
to guide the learning process through the use of
conceptual maps and adaptive tests. It also provides
the teacher with personalised information on each
student’s progress. The adaptive tests include func-
tions specifically suited to online collaborative
work. The tool is called SIENA.

We tested our methodology on students studying
Computer Architecture. This subject is one of the
last subjects to be offered as part of our Computer
Engineering course. As these were final-year stu-
dents they demonstrated an intellectual maturity

* Accepted 14 November 2012.



Teaching Architecture Using a Collaborative Approach

511

(having completed Computer Structures, Operating
Systems, Network Switches, etc.), which made it
possible for us to evaluate and refine our tool and
materials by collaborating with them on the follow-
ing:

e Content creation and content searches

e The creation of questions that are then incorpo-
rated into the adaptive tests that are used during
self-evaluation (details of which are presented
further on)

e The validation of different tools such as simula-
tors and SIENA.

Section 2 of this paper contains details of the
fundamental basics of our methodology and its
key pedagogical aspects. Section 3 provides an
overview of the Computer Architecture course and
its modules. Section 4 contains the methodology
used and details of the STENA tool—how SIENA
was developed, how it is used for group learning,
how it is used for continuous assessment, how
simulators can be used for problem solving—and
we present details of the experiment carried out. In
the final sections, we present an analysis of the
results of our experiment and present feedback
from both staff and students regarding their experi-
ences of using our methodology. Lastly, we present
our final conclusions.

2. Overview of BL and CSCL
methodology

The Blended Learning (BL) approach is a teaching
and learning strategy that has been successfully
applied across a range of different situations [1].

Table 1 illustrates the advantages (reinforced in the
BL approach) and disadvantages (mitigated by the
BL approach) of face-to-face learning and distance
learning [2—-10].

We use Computer-Supported Collaborative
Learning (CSCL) to complement the BL approach.
The use of CSCL can facilitate group learning. It
can also facilitate learning in which the communica-
tion process is produced bi-directionally between
people with different roles, i.e. professors and stu-
dents [10]. This kind of collaborative strategy
requires more social interaction and student parti-
cipation than traditional methods. However, it has
been demonstrated that the collaborative effort
involved during the learning process results in a
more thorough assimilation of concepts and better
knowledge building [11]. These strategies depend on
a student-centred learning process [10]. For this to
work, it is essential that teachers are still able to
monitor, assess, and assist students whilst they work
individually or in groups [10-16].

One of the key aspects of our proposal is to
increase student motivation. We aim to achieve
this in four ways [17-24]:

e by increasing student self-esteem and autonomy.
traditional strategies tend to be based solely on
the binary ‘reward/punishment’, which is more
focused on the results of an assessment than on
the learning process itself [25];

e by avoiding repetitive activity patterns in class;

e by making the student aware that his/her learning
requirements are connected to the educational
environment;

e by designing online activities using systems that

Table 1. Advantages and disadvantages of face-to-face learning and distance learning (adapted from [8])

Advantages

Disadvantages

Face-to-face learning

teaching staff

Quick creation of inter-connected ideas. Quick

discoveries through guessing

It is possible to carry out more complex tasks

Distance learning
Improves active participation

Participation does not depend on the

surroundings or on timeframes

Low cost

The student is able to dedicate more time to the

activity if necessary

Exams and exercises can be done online
Flexibility in completing the subject syllabus

Sense of belonging to a group, which in turn
serves to encourage confidence felt towards

Enables cooperative and collaborative learning

Not all students are able to participate, especially
when there are more dominant personalities in the
classroom

Time limitations: it is not always possible to go into
asmuch detail as is desired during debates for fear of
running out to time

Poor in terms of social communication
(self-study, this method is considered impersonal

Initial set up requires time and effort

Access may be affected due to possible

log-in problems

Launching it may require a multidisciplinary team
Limits the development of associations via idea
strings, or of discovery through guessing

Tendency towards producing excess content
Higher student dropout rates are more likely
Possible tendency towards apathy and the
postponement of activities
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Table 2. Course syllabus—main units, subjects and topics of Computer Architecture

Units Subject

Topics

Introduction Design fundamentals.

Techniques for increasing
performance I

Processor segmentation.

Vector processors.

Instruction Level Parallelism
(ILP).

Techniques for increasing
performance II: dynamic and
static approaches

Thread level parallelism Multi-threading and
Simultaneous multi-threading.

Memory hierarchy Virtual memory and cache.

Interconnection networks Basic definitions. Organisational
structure.

Direct networks.

Indirect networks.

System buses.

Multi-processor Architecture Multicore, Manycores, Shared
Memory, Scalable multi-

processor.

Performance measurements. Design of instruction repertoires:
Microcontrollers, Embedded systems, Digital signal processors.
General-purpose processors

Type of dependencies. Anticipation technique. Exceptions.
Delayed jump. Segmentation of operational units.
Simulators.

Operational units. Load unit/storage unit. Compilation
techniques.

Simulators.

Superscalars: Tomasulo algorithm. Dynamic control of branches.
Types. VLIW/EPIC processors: Predicate registers, Compilation
techniques.

Simulators.

Characteristics: Fine grained and coarse grained. Example
architecture: Niagara, Montecito . . .

Types. Page tables. Organisations. Top down/Bottom up traversal
of page tables. TLB. Replacement algorithms. Cache memory
organisation. Techniques for improving cache performance.
Coherence.

Simulators.

Bandwidth and latency. Network .switch. Classification of
interconnection networks.

Characterization. Topologies.

Characterization. Topologies.

Hyper-transport.

Coherence: Snooping, directory. Synchronization.
Graphics and computing GPUs.

do not merely transfer the classroom-based activ-
ities into a virtual format.

3. Computer architecture: an overview

We felt that this subject was ideal for testing our
methodology because simulators are often used in
this subject. Students create these simulators as
part of their final thesis [26-28]. These simulations
are designed to improve the understanding of
complex problems. In Table 2 we provide details
of the course. It is from this content that we create
the conceptual maps that are used in adaptive
testing.

4. Methodology

Students are told to organise themselves into groups
(with a maximum of 2 or 3 students per group).
Students are instructed to work on course content:
they must use the information provided to them by
their teacher, i.e. theoretical notes, practical exer-
cises carried out on simulators, proposed exercises,
and extra reading materials (books, magazines,
websites, etc.).

Students are also instructed to a tool called
SIENA that is designed to assist them with self-
study and self-evaluation. This tool also allows

teaching staff to personalise tutorial sessions. It
provides objective data on student participation
and performance that can be used by the teacher
to provide accurate feedback and an objective
grading system for continuous assessment.

Students may be asked to work individually, or
collaboratively—this could be within their group, or
each group may be required to work with the other
groups. SIENA is able to monitor an individual
student’s work, whether it is produced alone or
during collaborative tasks.

In the following sub-sections, we discuss each of
the elements of our proposed methodology in detail.

4.1 The SIENA tool

The Integrated Teaching-Learning System
(SIENA) has been created to help students with
self-study and self-evaluation [29-30]. SIENA must
be used together with a tool called Compendium.
We use the Compendium tool to create a conceptual
map of the subject, Computer Architecture. Once
created, we open SIENA and import the map from
Compendium. This conceptual map is based
entirely on a relationship of knowledge: the nodes
on the map are the topics of the subject, and the
connection between these nodes is such that if topic
B connects to topic A, then to understand B
correctly a student must first understand A.
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Fig. 1. Example of a conceptual map designed using Compendium (detail).

To illustrate this we have provided a conceptual
map from the subject in Fig. 1. The nodes of this
subject are the ropics that make up the subject.
These nodes are connected through a relationship
of knowledge; for example, if a student wants to
start to study Multicore Systems, the student must
first have understood the nodes Interconnection
Networks and Multi-threading Systems andSimulta-
neous Multi-threading.

The SIENA tool includes an adaptive test con-
taining multiple-choice questions for each of the
nodes on the conceptual map (this is in addition to
the node content). These tests have been implemen-
ted using Bayesian networks [31]. These networks
connect the concepts of the map to the questions.
This allows the adaptive test to estimate a student’s
knowledge, which it does by using the answers that
students give to each of the subsequent questions
presented by the tool.

SIENA works by:

o Selecting the ‘target node’: Students follows the
self-study content and complete the tests pre-
sented for each node by the SIENA tool until
they reach the target node. The target node is the
node that the student should reach by correctly
applying previous knowledge. If the students
have not assimilated enough knowledge to pass
a specific node then the tool will prevent students
progressing further. However, the tool does allow
students to explore alternative routes by present-
ing them with alternative nodes if this happens.

o Calculating understanding: When a student
answers a question on any given node, the adap-
tive test uses Bayes formula to calculate a stu-

dent’s posterior knowledge. This formula uses
three parameters: the student’s a priori knowl-
edge, difficulty (probability of correctly answer-
ing the question supposing that the idea is
understood), and guessing (probability of cor-
rectly answering the question supposing that the
idea is not known).

o Selecting anew question: The next question, which
is selected from all the remaining questions asso-
ciated with the node, is chosen to maximize an
objective function.

The test ends if the difference between the estimated
knowledge is no greater than 0.01 for the last five
questions, or there are no more questions.

Figure 2 shows the data for a question with all of
its parameters, and Table 3 contains an example of
the test results that are visible to both the professor
and to the group of students.

4.1.1 How the test questions were developed

The conceptual map produced for Computer Archi-
tecture consists of fifteen nodes and holds approxi-
mately 1500 questions. The academic staff worked
in collaboration with the final-year students to select
the topics and content used in SIENA. The ques-
tions themselves were written by the students and
refined with feedback from the academic staff. The
process of constructing and validating the entire
volume of questions has taken three academic years.

Our students needed to make significant efforts
with regards to their own learning in order to
prepare the questions for each node of the concep-
tual map. To assist their efforts, the teachers reg-
ularly met with the groups to discuss the questions
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Fig. 2. Configuration of a question in SIENA including all its parameters.

being proposed by students, and any difficulties they
encountered—not only with the subject, but also
during the collaboration process. The teacher pro-
vided feedback, which included: suggestions for new
questions; comments on the difficulty of the ques-
tions already created; and proposals for new strate-
gies to improve the collaboration efforts, etc. The
teacher also provided the students with additional
material.

Each group has to select a node on the conceptual
map. Once they have done so, they are then respon-
sible for creating the content for this topic and
designing the test questions. During this process
students have to try to follow the IP model (Pro-
gressive Inquiry) [16]. Students need to use Moodle
to organise and coordinate all the work that is
carried out by the group and its individual members.

Table 3. Test results (Example)

All aspects of progressive inquiry, such as the
creation of research questions, the search for new
scientific information, building their own working
theories or assessing the explanations have to be
shared with other participants during the learning
process. This is the last phase of the questioning
process, which we refer to as ‘knowledge sharing’.
This phase consists of explaining a problem to other
participants: this is one of the most important
competencies of the European Space of Higher
Education, and one of the key aspects of the manage-
ment model of collaboration.

4.1.2 Incorporating the online collaborative work
strategy into SIENA

An additional function has been added to the
SIENA tool that allows it to perform synchronous

Answer Correct Time (before Points Points
Answer running out) Question before after
3 true 961 Which type of vector instruction fits the following 0.300 0.340
definition:
‘Instructions in which the operations are vectors and the
result is a scale’
1 true 16 The start-up time for register—register operations 0.340 0.507
(in clock cycles) is:
2 true 901 What happens if the longitude of the vector operation 0.057 0.787

is unknown during compilation and, in addition, may be
greater than the maximum longitude of the vector (MVL)?
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communication (chats) during the online collabora-
tive tests. This new tool is called SOCIAL SIENA.
The chat feature records the messages sent between
the group’s members. These messages can then be
read, assessed, and deleted by the teacher, and read
by the students. The purpose of this function is to
give the teacher an objective analysis of each stu-
dent’s participation whilst he or she answers the
questions presented in the adaptive test, and thus
provide better continuous assessment.

4.2 Tutorial sessions: continuous assessment

Students are able to complement classroom-based
content in three ways:

1. by using the content stored in each node of the
conceptual map in SIENA;

2. by using multimedia knowledge pills (audio-
visual clips between 5 and 10 minutes long that
are designed to educate following the IMS
LOM standard);

3. by carrying out the self-evaluation test/s in
groups.

Once a student completes a node on the conceptual
map, the professor holds a tutorial session for the
group in order to analyse the questions and answers
that were submitted. These tutorial sessions give the
teacher one-on-one time with the student and, thus,
an opportunity to establish the individual knowl-
edge of each of the group’s members. They allow the
teacher to: clearly identify any possible gaps in
knowledge; provide information about said gaps;
respond to questions relating to these gaps; and,
most importantly, they help the student to progress.
These sessions ensure that each student is aware of
his or her own progress, and what he or she needs to
do to improve the learning process.

The tutorial session is an essential pillar of
collaborative learning, especially in the case of
large groups of students. These sessions strengthen
the collaborative learning process and play a key
role in the context of continuous qualitative
improvement of higher education courses.

4.3 Problem solving

For innovation purposes, our methodology also
includes the additional task of problem solving.
We use tasks involving simulators in which we
reproduce all of the transversal competencies men-
tioned in Section 4. Students tackle problems relat-
ing to the main conceptual map nodes—such as the
superscalar processors and VLIW/EPIC proces-
sors—using the SIMDE simulator [29]. This simu-
lator allows a program to be run in MIPS code in
one of two ways: it may either use dynamic planning
based on the Tomasulo algorithm including reser-
vation stations, reorder buffer and a bimodal pre-

dictor for conditional jumps (superscalar
processors), or it may use static planning that uses
Very Long Instruction Word VLIW/ Explicitly
Parallel Instruction Computer EPIC processors.
Problem solving covers individual, intra-group,
and also inter-group work. The results our students
obtain have to be submitted in writing and also
delivered as an oral presentation to the rest of the
class. We use Moodle to track each student’s
activity. A task is created on the Moodle platform
and the entire process is recorded from start to
finish. The information provided by Moodle finally
forms part of the continuous assessment process.

4.3.1 The experiment

The different groups of students were presented with
five randomly selected exercises, following the sche-
duling shown in Table 4. The exercises involved
generating a code and optimising it on a superscalar
machine and on a VLIW machine via the SIMDE
simulator.

4.3.2 Results and analysis of experiment

A total of twelve groups were created. Of these
twelve, ten did the work that we set them and
followed our instructions precisely. However, one
of the groups did not do the work, and another
group did it incorrectly. In this last group, the group
members completed the work they were told to do in
groups and also for presentations, but the students
failed to do the individual work required of them.
They also failed to deliver their presentation within
the stipulated timeframe.

We found that our methodology produced inter-
esting collaborative work between the students. We
were able to follow the individual creative efforts by
students. We noticed significant involvement on the
part of the students, and a renewed level of interest
in the subject matter. This is relevant because this
motivation was not present in previous years when
this methodology was not part of our teaching
policy. Generally, we have seen an improvement in
the quality of the presentations and students appear
to be more confident when they present their opti-
mised codes. Encouragingly, we have also noticed
greater dedication to the problem that they are set.
And, finally, we have found that the students
themselves have been extremely honest when put-
ting forward the best optimisations obtained by
their group, or by other groups.

5. Student feedback

We continue our research by asking our students for
feedback regarding our proposed methodology,
asking them to assess its suitability for use in
continuous assessment. Twenty-four students of
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Table 4. Type of work performed by each group

Type of group work

Task description

Individual work between the members
of the group

Intra-group work

Inter-group work

Create a base code.

Each member of the group then has to optimise the problem’s code by using appropriate
techniques—this normally involves reorganising the code, unrolling the loops, planning,
segmentation software, trace scheduling, etc.

The members of the group should decide between themselves how to optimise the code they
have produced.

Students must decide how to optimise the code, but instead of working with members of
their own group, they must collaborate with the other groups that are working on the same

problem.

Oral presentation

The groups deliver a 20-30 minute presentation to the rest of the class.

Each member of the group explains what their own optimisation consists of.

Students conclude their presentation with the group stating the best optimisation choice
from all those proposed within the group.

The last group to deliver a presentation presents the best optimisation from the work of all
the groups who have carried out the same task. The optimisation is objectively chosen,
based on its performance.

Computer Architecture participated in the survey
(see Table 5). The survey used a Lickert-like ques-
tionnaire in which students indicated their level of
agreement or disagreement with a series of state-
ments [32].

We concluded our survey by asking our students
two open questions about SIENA:

1. Should it include other functions or features?
2. Could the questions and/or answers be
improved in any of the nodes?

From these two questions, we found that the
students share the opinion that SIENA should
inform them of the correct response when a question
is not correctly answered. The teachers, on the other
hand, think that students should not be shown the
correct answer. Our teachers believe that this pro-
cess of trial and error will lead to a better under-
standing of the subject matter as it will oblige
students to return to their books (so to speak), and
to revise the theory again. Students will eventually

arrive at the correct answers to the questions using
this technique and they will retain the information
better than if they were spoon-fed the correct
responses.

In general, the results confirm that a larger
percentage of students either agree or totally agree
with using tutorials to support the continuous
assessment process.

In addition, we have found that tutorial sessions
can be used to increase motivation. By informing
students that the tutorial sessions will cover the
content included in the test/s they feel obliged to
complete the work they have been set. Students are
aware that this content will be covered in the tutorial
sessions and the majority ensure that the tests are
completed on time.

Not only do the sessions encourage students to be
better prepared, but they are also used as a feedback
tool that assists students in improving the grades
they obtain. Using tests directly after studying the
content of a course is a method that allows students

Table 5. Responses to the questionnaire: ‘Degree of satisfaction with the proposed methodology’

Strongly Strongly

disagree Disagree Maybe Agree agree
Statement @ 2) (€)] “4) Q)] Average
The tests for each of the nodes of the conceptual - - 16% 57% 27% 4.29
map have been a useful learning tool.
The content of each node has helped me to - - 12% 71% 17% 4.04
prepare the subject and take the corresponding
node test.
SIENA is a suitable learning tool. - - 17% 53% 30% 3.96
The strategy of taking tests in collaboration is - 7% 16% 32% 45% 4.20
more suitable than taking them individually.
The strategy of taking tests and having tutorial - - 17% 42% 41% 4.25

sessions that deal with the content of the tests is a
suitable assessment method.
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to have an early indication of their marks and reflect
on how well they understand the content being
studied, the tutorial sessions then put them on the
right path should they be having any problems with
the content of the course.

6. Conclusions

Our aim was to improve the teaching-learning
process. To do so, we chose to incorporate new
technologies in the classroom—SIENA + SIENA
SOCTAL functions and Moodle—and combine
these with the Blended Learning method. We used
SIENA to facilitate the assimilation of concepts by
students, and we used tutorial sessions together with
this tool to increase motivation amongst students;
we also provided our teaching staff with the tools
that allowed them to monitor and access student
performance and participation and, most impor-
tantly, obtain objective information regarding their
students” performance and participation, thus
improving the quality of the continuous assessment
process.

We created experiences that are not merely extra-
polations of classroom-based activities, but that
were especially conceived for the virtual environ-
ment. Using SIENA, we provided students with a
tool that creates a feedback loop that improve self-
study. As such, our proposed methodology con-
tributed to the development of the transversal
competencies. In addition, we were able to increase
the collaborative effort amongst students by setting
group-based tasks, such as the problem solving
activity detailed in Section 4.3.

The limitations that we encountered when using
our methodology were that a) it requires a signifi-
cant amount of time to create the materials for the
course, b) it requires a significant amount of time to
update materials as theories advance, or to create
new content for students who are repeating the
course, and c) it requires a significant amount of
effort to manage on a day-to-day basis because of
the continuous assessment factor. So, in general, the
teaching staff will have to dedicate themselves
wholeheartedly if they use this methodology. How-
ever, any stress this may create is certainly compen-
sated for when you witness increased motivation
and improved learning amongst your students.

In response to the second limitation, we aim to
improve the quality of our teaching-learning mate-
rials for future courses by:

e Configuring the context: improving the questions
relating to the topic, or validation of situations, or
real-life problems

e Increasing the number of questions: improving
the randomised selection process

e Updating content: including questions relating to
cutting edge technologies, such as: embedded
systems—Arduino system, Raspberry Pi;
Sloppy chips, etc.

e Creating working theories: producing conjec-
tures, hypothesis, theories or interpretations of
the problems being studied; likewise, intuitive
concepts should be explained and externalised
(for example, writing about any preconceived
ideas held about a problem or topic being studied)

e Carrying out critical assessment: evaluating the
strengths and weaknesses of the different expla-
nations and identifying contradictory explana-
tions, knowledge pools, and the limitations of
an intuitive explanation

e Pursuing knowledge: researching new informa-
tion relating to the problem being studied

e Developing problems: researching deficiencies
and/or limitations, raising questions and theories
that can guide further research.

Although this methodology has been applied to the
subject Computer Architecture, we would like to
state that it could easily be applied to any subject
being offered as part of a degree in Science or
Engineering. We are confident that the continuous
assessment process has been made more objective,
and that it thus ensures that the quality of the course
can be reproduced year after year, or at other EU
universities should they wish to adopt it.
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