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Abstract

Online education has played a crucial role in institutions and companies

from around the word, this, due to it being a powerful tool for knowledge

acquisition.(1) The aforementioned reason has lead to the development of

tools, learning systems, and methodologies(1, 2, 3, 4, 5) to solve variables

identified by different knowledge branches. such as allowing students and

educators to perform properly(4, 6, 7, 8, 9), adaptability of the process

to account for new and emerging devices that can enhance the learning

process (10, 11, 12, 13, 14, 15, 16, 17, 18), while minimising the complex-

ity added by the new paradigms,(11, 14, 19, 20), the individual needs of

the users(21), which become imperative to the correct execution of the m-

learning process.(1, 10, 11, 12, 13, 17, 18, 19, 22) , the mobile nature of

m-learning and it’s student oriented approach(11, 12, 13, 15, 17, 18, 21),

the limited nature of some of the learning resources requeired for this pro-

cess to be successful (14, 19, 23)(24, 25, 26)(24, 25, 26, 27, 28), the proper

implementations of visual elements inside the learning process(9, 20, 29, 30,

31, 32, 33) and so on.

Taking into account all the aforementioned variables, the objective of this

research is the design of an adaptable multivariable framework to be used in

the creation of flexible m-learning management systems that give students

and teachers, the abilities to manage and obtain information regarding their

learning process and the associated variables in an efficient way, while al-

lowing the system to be extended to account for changes on the variables,

be it existing, or the identification of new ones.
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1

Introduction

Online education has played a crucial role in institutions and companies from around

the word, this, due to it being a powerful tool for knowledge acquisition.(1) The

aforementioned reason has lead to the development of tools, learning systems, and

methodologies(1, 2, 3, 4, 5) to solve variables identified by different knowledge branches.

Despite this, getting this systems to allowing students and educators to perform prop-

erly is still a work in progress with different approaches(4, 6, 7, 8, 9), specially if the

growing number of technological tools and devices, such as smartphones and tablets

are brought into the equation. Said devices can enhance the learning process (10, 11,

12, 13, 14, 15, 16, 17, 18), but do also add complexity by adding new paradigms such

as usability, design and implementation(11, 14, 19, 20). Between the identified variable

we have, first of all, the individual needs of the users(21), which become imperative to

the correct execution of the m-learning process.(1, 10, 11, 12, 13, 17, 18, 19, 22) Sec-

ondly, the mobile nature of the education model requires that the users has ability to

access whatever educational resource they need, when, and where they require it; that

is to say, the educational paradigm now shift towards a student oriented one, where

the student is not required to be at a specified place and time to study, which in turns

means that the learning systems must adapt to the where, when, and how the users

access the application (11, 12, 13, 15, 17, 18, 21); but what happens when the of the

educational resource (laboratory, software, material) in question is of limited nature

(14, 19, 23)?. In resent years, solutions such as virtual laboratories(24, 25, 26) have

been created as a way to try and solve the limitations of this resources, but have end

up coming short, as seamless implementation of this tools on learning systems have
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1. INTRODUCTION

been problematic(24, 25, 26, 27, 28).

Finally, the growing number of visual elements inside the learning process, which

have been implemented as a way to enhance said process, have in turn disrupt the

process leading to undesired results(9, 20, 29, 30, 31, 32, 33).

Taking all this variables into account, Is it possible to design a multivariable, adapt-

able framework that allows institutions to create m-learning management systems that

give students and teachers, the abilities to manage and obtain information regarding

their learning process and the associated variables in an efficient way, while allowing

the system to be extended to account for changes on the variables, be it existing, or

the identification of new ones?.
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2

State of the art

2.1 Educator’s perspective

In the past, several learning management systems have been proposed as a tool that al-

lows for educators to have an easier time assessing the learning process of their students

and courses by means of visual representations which allows for an easier identification

of obstacles or failures of the learning process while alleviating the mental burden of

the task for educators.(4, 6, 7, 9) Such is the case of the proposed methodology by

Garcia-Solrzano, D. Et. All.(4), they suggest the usage of ”Faceted Browsing” and

“Data Portraits” as a method for information visualisation of course and students sta-

tus. Figure 2.1 shows and example of “Faceted Browsing”, we can observe how the

different course goal are represented by levels which the educator can move around to

segment the data and obtain insight on the course status, as for individual levels, each

student in the course is represented by it’s photograph, and the information regarding

each student process, is presented by a background that establishes the percent of com-

pletion of the proposed goals. Other means of tracking students progress are presented

by “Data Portraits” as can be seen in figure 2.2, the figure shows how each student

behaviour in the forum is color coded so that the “student profile” can be visually in-

ferred by the educator, the colours represent 5 different levels of participation measured

by the system, and the combined results of the 5 colours is what allows the teacher to

identify the student profile.

The proposed system is then capable of enhancing the educator’s leaning manage-

ment experience, but does not directly impact the student’s learning experience, and

3



2. STATE OF THE ART

Figure 2.1: “Faceted browsing” interface proposed by Garcia-Solrzano, D. Et. All(7)

Figure 2.2: Ejemplo de los diferentes “Data portraits” propuestos por Garcia-Solrzano,

D. Et. All(7) junto con algunos “perfiles” que pueden ser identificados

4



2.2 Student preferences

does nto acknowledge the special needs of each individual, which other researchers(7)(21)

have pointed as an important factor for the learning process; we will delve into this

topic on the following section.

2.2 Student preferences

As suggested by Garcia-Solrzano, D. Et. All.(7) and Graf, S. Et. All(21), students

have the need to be educated in a way that corresponds to their learning style as a

drive to achieve better results from the student’s learning process, from here, each

researcher proposes different adaptable learning systems as an integral solution to the

problem by means of implementing learning styles(21) than can be used as the core

factor to drive the adaptable competes of the system on the direction needed by each

student. Educational literature on learning styles is vast, but researchers have proposed

the Felder-Silverman model(7, 9, 21), as the that best express and reflects the student

needs.

2.2.1 Felder-Silverman Learning Style Model

As mentioned before, there is a vast quantity of learning style models in existence, but

the “Felder-Silverman Learning Style Model (FSLSM)” is regarded as the one that best

suits to the student’s needs and drives.(21) The model classifies the learning styles of

the students in 4 tuples, each tuple is defined as follows :

• Active/Reflective dimension: Learning process of students on the ‘Active” end

of the spectre are characterised by having a tendency to be communicative and

preferring to work in group, they are also characterised by having the ability to

learn better when they are actively involved with the learning material, in other

words, when they get to apply said knowledge. On the other hand, students on

the“Reflective” end of the spectre are characterised by their desire to reflect on

the learning materials to draw their on conclusions, they also have a tendency to

prefer to work alone or in small groups.

• Sensing/Intuitive dimension: The “Sensing” dimension refers to students who

prefer to learn form concrete facts using their sensorial experiences from particular

instances as a primary source for learning; they prefer to solve problems using

5
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standards. By contrast, students who belong to the “Intuitive” dimension, prefer

learning objects with abstracts contents such as theories, general principles and

so on. “Intuitive” students enjoy discovering new possibilities and relations, and

have a tendency to be more creative and innovative than their fellows on the other

en of the spectre.

• Visual/Verbal dimension: This dimension measures how the students prefers to

receive information. Students who prefer information in the form of flow diagrams

or other visual representations are classified in the “Visual” end of the tuple.

Students who prefer textual or verbal information are classified as “Verbal”.

• Sequential/Global dimension: Students classified as “Sequential” learn by means

of sequential increments, in other words, steps to be followed from point A to

point B to achieve a certain goal. “Global” students on the other hands, prefer to

tackle the “whole” of the contents and move around the contents of this “whole”

in an almost random pattern, once they have finished studying the contents, they

will proceed to create relationships between them.

2.3 M-learning

As exposed by Lam, P. Et All(13) there is currently a huge interest in the effects of

mobile technology in education; that is why there have been numerous research to

shed light on the effects this technologies may have in the students. This studies have

concluded that the effects are not disruptive(10), on the contray, they can bring lots of

benefits to the users(10)(13), said effects are described bellow:

1. Students are able to actively participate on their learning process(13, 18), allowing

them to experience abstract concepts by means of a direct approach.

2. La posibilidad de los estudiantes de participar activamente en su proceso de

aprendizaje(13)(18), permitindoles experimentar conceptos abstractos de man-

era directa.

3. For the most part, the learning process is self-regulated(7), which in turn means

that students can go at their own peace when tackling different activities.

6



2.3 M-learning

4. Students are not restricted to a physical space(7)(17)(14)(13), this allows for the

student to have the freedom to control where and how he access the learning

objects.

The aforementioned effects are, in other words, evidence of the adaptive nature of

m-learning, where the learning process is the one that must adapt to the each student’s

specific needs, that, in turn, is why there are so many m-learning models in existence

each with it’s own view on how to be adaptable.(17)(7)(18)(16)(12)(14)(11)

Shih, J. Et All.(18) suggest an approach to m-leaning using every day activities

combined with “pervasive games”, this is achieved through a clue hunting like game,

where each player is tasked with finding the answers to some questions using their

cellphones or finding QR codes to solve the mystery; This ensures that the students

get to learn about their surroundings while competing for a high score. Results from

this research highlight how face to face interaction and having an active role on the

process, helps generate an ideal environment that complements e-learning spaces.

Razek, M. Et All.(16) propose an adaptable m-learning system, this system suggest

different learning objects depending on the student’s profile. To achieve this, a multi-

agent system is proposed, each agent is tasked with controlling an specific part of

the process, as expressed on table 2.2. The system allows for the deffiniton of user

learning style, categorisation of learning objects, and filtering of the learning objects

to accommodate for each of the learning styles.

Yau, J. Et All.(17) suggest that the environment that surrounds the student does also

play a fundamental role in it’s learning process and implements this idea into their

system taking advantage of functionalities already embedded in mobile devices such

as positioning services to determine the current position of the student and suggest

activities that can be completed in the current location. A more concrete example

of the works of this systems goes as follows; a students travels by means of public

transportation, the system can identify the current location of the user and suggest

byte size lecture form him to complete during his travel, on the contrary, a student

that is at home would be presented with a movie as its learning material. Table 2.1

presents the locations that have been confirmed by students as the places where they

prefer to study. Following are the main characteristics of this system :

7
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• Student profile: Allows for the system to keep track of the student learning

preferences, this can be done thanks to a survey thats presented to the user when

he first uses the system, the survey inquires the student about the place where

they prefer to study, distraction and noise levels presented on the environment,

and how important this factor are for him.

• Personalisation mechanism: This mechanism allows the user to choose between

the suggested material or all the available materials at their own will. When

suggested materials is chosen, the system gather data from the environment via

GPS, microphones and any other data collecting capability present on the mobile

device, to determine the location, and noise distraction levels and suggest material

accordingly.

• Learning objects repository: This are the learning object that will be presented

to the user, they can be external or internal. In the research presented by Yau,

J. Et All.(17), the suggested repository is a external one (www.codewitz.org)

While this system does take into account the student’s needs and the environment

as key elements of the learning process, it does not, however, distinguish between

materials types and students profiles. Martin, S. El All.(15) propose, in essence, a

similar solution but from a different perspective, that is to say, they propose a model

for creating systems such as the one described by Yau, J. Et All.(17).

Other researchers such as Gil, D. Et All.(11) propose a decentralised architecture as the

core for a m-learning system, this means that, while other proposals(12)(19)(15)(17)(22)

require that the student connect to a university server where all the information is

stored, this system divides the task in nodes, each node is then grouped in layers

depending on the function they serve, each node, can also communicate with other

nodes, be it form it’s own layer, or some other layer, depending on user requirements.

Table 2.2 resumes the functionality of each agent.

2.4 Time limited resource management

Even tho the learning management system exposed so far provide tools to aid the

learning process of the student, they have not propose mechanism to deal with resources

of limited nature. Social behaviour theories such as the one proposed by Ostrom,

8



2.4 Time limited resource management

Study locations included

home and library

Study locations included

home and office.

Study location included home

Study locations included

home and computer labora-

tory.

Office

Home, library, learning grid,

caf

Learning grid and computer

laboratory

Home and quiet rooms on

campus

Only communal spaces of

home and computer labora-

tory

Library, computer laboratory

and train

Home, computer laboratory

and learning grid

Home, library and learning

grid

Home, library and corridors

between lectures

Student lounge

Home, library, computer lab-

oratory, learning grid, student

lounge

Home, biology laboratory and

office Insights

Table 2.1: Preferred study location of students as classified by Yau, J. Et All.(17)

9



2. STATE OF THE ART

Filtering Agent This agent is in charge of obtaining the student’s

profile using a survey which helps determine the

user learning preferences.

Information

Agent

This agent is tasked with presenting the student

the learning objects that best suit their profile.

Pedagogical

Agent

This agent is in charge of organising the course

structure and the learning resources in such way

that other agents are capable of presenting the

user with the required information for each step

of the course.

Table 2.2: Agents that compose the system proposed by Razek, M. Et All.(16)

E.(35) suggest that common goods, specially those whose nature is limited, should be

managed and regulated by the community that needs them; unfortunately, this can be

a problematic solution to be implemented in on-line systems, this, due to an increase

in antisocial behaviour, product of on-line anonymity.(36) That is why this research

will look into other disciplines to implement solutions given to this problem form other

branches of knowledge,

2.4.1 Resource management in project management

Project management refers to organisation, planning, evaluation and execution of a

group of task tho achieve an objective, be it the construction of a building, or the

development of a new software. One of the phases of the project management process

is called “planning phase”, the main objective of this phase is to coordinate the efforts of

the different parties, and organise tasks so that the delivery times and the dependent

activities can develop without delays. Onces this guidelines are defined the project

transition into the “project time management phase”, in this phase, each task defined

in the resource plan are transformed. it’s also in this phase where estimations on

the resources required by each activity are created. Afterwards, figures such as Gantt

diagrams are created to shed some light onto the amount of resources required.(37)

Following is a resume of the project management phases that are are related to resource

management task.

10



2.4 Time limited resource management

• Define activities: Activities definition is the process in which required actions

to generate the project deliverables are identified. To achieve this, deliverables

are used to identify “work package”, this packages are later decomposed onto

the several activities that the project must follow to achieve consider a package

completed, this activities are used to do time estimates, generate the schedule

and work analytics.

• Activity sequence: In this step, relationships between each activity are identified

and documented, this helps identify antecesor and predecessors of each activities

and dependency between them; afterwards, an evaluation is followed to determine

if lags and head starts are needed to realistically represent the project’s activities

relationships.

• Resource estimation per activity: In this step, resources necessary to for each

activity to be achieved are defined. The required resources can range from, equip-

ment, materials, personnel, are any other goods deemed necessary.

• Activities estimation: This segment deals with predicting the number of working

periods required to complete the tasks with the estimated resources. To achieve

this, information available at the time is used, such as work scope, type of re-

sources required, resources estimated quantities and the resource calendar. The

predictions are made in an iterative was, as more information is being known

during the execution of the process.

• Schedule development: Deals with the analysis of the activities sequences, du-

rations, resources, requirements, and schedule restrictions to create the project

schedule. This process is usually an iterative one, meaning, an initial schedule is

created, with a start and end date, and then tweaks are made to the schedule as

information and the current situation of the project demands it.

• Schedule control: This process consist of the project status tracking, to update

and manage changes to the project schedule as new information is made available.

11
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2.4.2 Time management in web services

Time management is crucial in the realm of web services, but, as exposed by Fan.

Et All(34), tools or documentation that allows for time management of web services

is scarce, that is why they propose a model to solve that problem. The proposed

model suggest that each web service provides a method to expose it’s execution time,

this would reduce the complexity of the composition time, while allowing them to be

autonomous. The elements of this model are explained below:

• Activity: A activity possess process identification elements (id), and a real integer

number that represents the time required for it’s execution (r).

• Dependency: This attribute represents a tuple of the form (id1,id2), where id1 and

id2 are two activity identifiers. The tuple represents a dependency relationship,

meaning that for activity “id2” to start, “id1” has to be completed beforehand.

• Shortest time restriction: This attribute is represented by five elements, (a1,t1,a2,t2,r),

where,“a1” and “a2” represent activities, “t1” and “t2” represent the end time

of their respective activities, and “r” a real positive number that limits the time

units. this restriction requires for the start or end time of “a1” to be less than

the start or end time of “a2”.

• Longest time restriction: This attribute is represented by five elements, (a1,t1,a2,t2,r),

where,“a1” and “a2” represent activities, “t1” and “t2” represent the end time

of their respective activities, and “r” a real positive number that limits the time

units. this restriction requires for the start or end time of “a2” to be less than

the start or end time of “a1”.

With the elements defined above a web service with a structure similar to that of the

figure2.3 is defined, this structure is later use to create a web service decomposition.

To achieved this, the process start by joining the different web services involved in

the process, the resulting composition can be observed in the aforementioned figure,

as we can observe, onces joined, each service depends on the ones before them, this

makes it difficult to calculate the estimated time of execution of a web service that’s

part of this network. the proposed model allows to take a web service composition

and reduce it to it’s minimum expression thats equivalent to the original configuration.

12



2.4 Time limited resource management

Figure 2.3: Webservice composition example(34).

Figure 2.4: Decomposed web service composition(34).

This decomposed web service composition allows for the calculation of the execution

time as shown in figure2.4

2.4.3 Virtual Machines

Virtual machines are defined as a software abstractions that try to simulate the struc-

ture of a determined hardware architecture, this architecture can be physical or theoretical.(38)

This programs have to deal with the increasing number of changes to the existing ar-

chitectures, which evolve every single year to give support to the increasing need for

multitasking, which means that this software must adapt to this changes.(39)

In some cases, as exposed by Wang, L. Et All(40), virtual machines and their

inner workings are treated as “black boxes”, monolithic entities tan can consume host

resources however they see fit; that is why, their propose a middleware system that

allows for communication between the layers that compose the virtual machine and

their host, helping the overall resource distribution between the host and the layers

of the virtual machine. This is achieved in the following fashion, the virtual machine

13
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sends a petition list of the form (r0, ... , rn), to be processed by the host, this allows

the host to determine the work load, (W0, ... , Wn). The host can then organise the

resources to be distributed among the tasks. The host, in this case, is an online cluster

that learns and adapts to the given petitions.

Janik, A. Et All.(41) suggest that a middleware, and not the host, should be in

charge of distributing the resources, allowing the host and virtual machine to work as

usual without any modifications needed.

2.5 Information visualisation

As explained by Filho, M. Et All(12), when designing a user centred application such

as a m-learning system, it must achieve the following :

• Visual attractive.

• User Friendliness.

• Must be stimulating.

It is also important to highlight how crucial the way in which information is pre-

sented to the student is, as it helps him to gain a better understanding of the information

the teacher is trying to transmit(33), but this can only be happen if the visualisation

is not distracting, and if it does something to reduce the complexity of the concept

being transmitted(33)(42)(5)(2). Not only must the visualisation achieve the afore-

mentioned, it also has to overcome the intrinsic problems associated with its nature,

Chen, C.(20) expose ten of this problems, a resume of said problems can be found on

table2.4. Garcia-Solrzano, D. Et All.(4, 6, 7, 9) suggest the use of visual metaphors to

present the teachers the information they requiere so they can easily assess the current

situation of the course, find problematic areas, and give solution to said problems, ex-

amples of this proposal can be found in figure2.12.2.

Naps, T. Et All(32) suggest that visualisation can also play an important role in the

evaluation of knowledge, and that it is directly related to the “engagement” level of

the student. From this levels they suggest some best practices when implementing

visualisation in pedagogical environment, this “tips” are resumed below:
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• Provide resources that help the student correctly interprete the graphical rep-

resentation. Concrete representations can help the student understand complex

algorithms, but some visualisations can be difficult to understand. To solve this

problem, there are two options, the first one is to explain the relationships by

embedding explanatory text or narration; the second one, is to reinforce the re-

lationships by spending some time explaining them during the course.

• Visualisation must adapt to the knowledge levels of the student. Some inexperi-

ence students can be overwhelmed by overabundance of details or windows, they

prefer to interact with a simple animation with predefined initial values. Advance

students, on the other hand, could benefit from additional spaces to control the

complexity, or being able to set their own initial parameters.

• Present multiple representations, in other words, and algorithm, for example,

can displayed as a flow diagram showing how the code flows during execution

or it can be displayed flags reflecting the status of the information structures.

Presenting different representations helps the student with it’s process of concept

assimilation.

• Include performance information. this allows the student to understand better

the inner working of the represented material.

• History records or logs can help student remember the results from previous

executions and in turn help him understand the effects of changes done to the

studied representation, which would allow him to form a global perspective about

the current state of the case of study.

• Giving support to flexible execution control, allows the student to freely con-

trol the visualisation flow, allowing him to “play” the visualisation “clockwise”,

“counter clockwise”, and so on, much like the the functionalities of a video player.

• Support student created visualisation, this will allows for the student to create

their own artefacts, in turn, helping him gain more clarity, and responsibility,

about his process and the knowledge he is acquiring.
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• Allow the student to freely explore the visualisation, in other words, give them

access to set their own initial values which will allow them to learn from direct

experience.

• Provide dynamic “pop-up” quiz questions that helps the student reinforce the

learned concepts.

• Provide support for dynamic feedback will allow the student to obtain informa-

tion about the current state of it’s learning process, or about how well they are

understanding a concept.

• Visualisations should go hand on hand with an explanation about what the stu-

dent is currently watching as a means to guide it’s exploration process and en-

hance it’s learning experience.

Naps, T. Et All(32), also suggest that visualisation can be used to evaluate the

knowledge levels of an student about a given topic taking into account how well they

have assimilated the concepts embedded in the visualisation, depending on this they

are classified in six levels which are explained in table2.3

Level Description

Level 1 The first level, also known as “recognition level”,
is characterised the students ability to remember
some facts without this meaning an underlaying
understanding of the associated concepts.

Level 2 Also known as “comprehension level”, here, the
student is able to understand the meaning be-
hind the facts.

Level 3 The “application level”, here the student El
nivel de aplicacin indica que el estudiante puede
aplicar los conceptos aprendidos durante sus es-
tudios.

Level 4 The “analysis level”, here the student can iden-
tify components present on visualisation pre-
sented to them and decompose them into smaller
parts
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Level 5 The “synthesis level”, is obtained when the stu-
dent can create it’s own conclusion about what
he has learned.

Level 6 The “evaluation level”, is the level where the
student is capable of comparing different ideas
and methods, assign values or priorities to them,
and take actions based on argumented reason-
ing.

Table 2.3: Levels of concept assimilation proposed by Naps, T. Et All.(32)

Problem Description

Usability The complex analytic process that takes place
when the visualisation is generated leaves be-
hind a gap that makes it difficult to the en users
to understand how the raw information was
“magically” transform into “colourful graphics”.

Understanding of
the precognition
and perception
tasks

This must be substantially updated in the field
of information visualisation. It is of the out-
most importance to collect empiric evidence of
the new generations of information visualisation
systems.

Previous knowl-
edge

Visualisation is a vehicle to communicate ab-
stract information, thats why the user is must
have previous knowledge of the topic in order to
understand it.

Education and
entertainment

There is an urgent need for information visuali-
sation field researchers to learn and share, about
visual and semantic communication skills. This
will allow users outside of the immediate visual-
isation scope to understand it’s importance and
possible ways to implement it on their field of
action.

Quantifiable qual-
ity assurance

The is a huge lack of quantifiable way to measure
the quality of visualisation, to date, this problem
have been neglected in behalf of innovation and
originality.
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Scalability High performance computing techniques, such
as super computers, have not been used in this
field with the same amount of frequency as other
fields such as scientific visualisations.

Aesthetics There are no holistic empiric studies about what
makes the users think that a graphic is visu-
ally appealing. There needs to be more research
about the relationship about graphic aesthetics
and their ability to transmit the desired concept.

A change of
paradigm, from
structured to
dynamic

There is a lack of visualisation systems that can
detect patterns and tendencies from a dataset.
An inter-discipliner study that joins artificial in-
telligence and artificial intelligence should be the
way to go.

Casualty, visual
references, and
predictions

The creation of highly sensible and selective al-
gorithms that can, reduce the noise and solve
conflicts between evidences in the information,
allowing the user to obtain clarity about what’s
a pattern and what’s a causality.

Knowledge of
the visualisation
scope

Being able to tell what’s information and what’s
knowledge, this problems, in essence, constitute
a combination of all the aforementioned prob-
lems.

Table 2.4: Ten information visualisation problems expressed by Chen, C. Et All(20)

2.6 Virtual Laboratories

Virtual laboratories are workspaces where persons can experiments, obtain results,

and analyse said results to obtain conclusions;(24, 25, 26) for this reason, they have

been recognised as important variables to the educative environment.As such, they

have been implemented inside learning environments as means to allow students to

put into practice the acquires knowledge, in other words, be an active part of their

learning process.(24, 25, 26, 27, 28) Auer, M. Et All(24) expose the main benefits and

characteristics of virtual laboratories; we resume them as follows:

• Costly and complex tools can be used by different branches of an organisations

or shared by different organisations.

• Complex experimental systems, can be monitored by tools or teams located in
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specific places and controlled from the scientific office.

• Team members in different locations can cooperate effectively, and obtain the

same results from experiment without them having to relocate.

• Long term experiments can be monitored from remote locations (for example,

from home on weekends).

The aforementioned characteristics are the main drive to try and implement said

tools into the learning environments, unfortunately, as explained by Abdellaoui, N.

et All.(25), even tho virtual laboratories provide an excellent platform for m-learning

students as they allow for remote access and practical work, on the flip side, this tools

offer no integration with the existing m-leaning systems, which difficult crucial task

such as tracking the student learning process progress, which hinders the teacher’s

abilities to, observe, guide, and help the student whenever he encounter a problem

during his learning experience. Some partial solutions to this problems are known as

“widget based laboratories”, which does allows for some integration, but the gap is still

to big for to be a seamless solution to the problem.(25, 28)
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3

Research work

3.1 Framework definition

3.1.1 Introduction

To start defining our framework we must define the variables or characteristics that

will serve as a core for our framework, this items are listed as follows:

1. The specific need of the students when tackling a m-leaning process.

2. Each student is a unique entity with it’s own patterns, behaviours, needs, and

learning styles.

3. The framework must offer a method to easily select learning objects.

4. An effective method to maana time limited learning resources.

5. Student’s location and environment aware.

6. Visual representations used must match factors such as environment, location,

and learning style.

From this core, we can then define some extra features that our framework should

take into account, for this components, we will tour ro what’s proposed by Garcia-

Solorzano, D. Et. All(7), they suggest that the ideal start point of a student centred

application should be a tailored system with an underlaying pedagogy that best suit

a student centred approach, for this reason, the selected pedagogy is the one known
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as “constructivism”(7), this pedagogy will dictate the additional principles that our

framework will follow, said principles are resumed below:

• Learner centred: The students take control of their learning process, acting as

autonomous individuals, planning and executing learning activities. In other

words, students self-regulate their process, and teachers take a step back becoming

guides or facilitator of the learning process.

• Reflection: Students must reflect on their process to gain insights and enhance

their learning experience; aids and tools that can improve this reflection process

must be provided.

• Feedback: Personalised information, and constant guidance must be provided to

the student during it’s learning process. Tools such as evaluations should be use

as means to promote auto-analysis.

• Multiple perspective: The use of multiple representations to explain concepts is

an important tool that allows students to have an holistic vision about a concept.

Other key features that the framework should take into account is how the course

information is going to be structured(7), taking into account the student centred nature

of the framework, and, as suggested by Garca-Solorzano, D. Et. All(7), since activi-

ties are the closest element to the student, the information should revolt around this

element, as can be seen in figure3.1. Following is a resume of this structure:

• Objective and competences: This space establishes the relationships between

competences, course objectives, and activities. Competences are defined as the

skills a students is expected to develop through the course, objectives, are small

goals to be achieved during the execution of the activities.(7, 13, 21)

• Schedule: As explained before, the learning process is self regulated, but there

must be some guidance to this process, and thats what schedule is all about,

in this space, “sessions” are proposed to the student as “packages” of activities

, with tentative start and end dates, and is up to the student to regulate his

learning as how he sees fit during this session.(7, 16, 18)
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• Content table: This deals with the specific structure of the individual course and

how they relate to the activities, for example, some course have a guide book,

this space would define the relationships between each chapter of the book and

class elements associated with it, such as activities or sessions.(7, 12, 18)

• Evaluation: As mentioned earlier, evaluation is a tool that must allow the stu-

dents to self-analyse their learning process, this means that the student’s learning

process, which is a gradual process, must be evaluated in the same fashion, in

other words, with each set of objectives that the student achieves there must

be an evaluation that allows him to confidently state the status of his learning

process and the abilities he acquired.(7, 12, 22)

With the structure of the information and course out of the way its time to delve

into definitions about how the suers is going to interact with the information presented

framework, and how that information is going to be presented, in other words, the

usability. As some researchers have pointed out in the past, usability and information

visualisation implementations have been know come at their own cost(20), to overcome

this challenges and having as our guide research works done by other experts on the

field(7, 12, 17, 19, 22, 31), we propose the following consideration that our framework

will take into account to offer the best user experience possible, this considerations are

as follows:

• The interface must be centred around visual metaphors, such as colours, shapes,

icons, and so on, this will allow the suers to quickly understand revenant in-

formation that is being presented to them without this representing a mental

burden.(2)

• Provide multiple course perspective, this will allow the courses to best suit the

students needs and learning styles.(6, 8)

• Interfaces should be considered, and used as course elements, thus actively pro-

moting the learning-teaching process.

With all the core elements of the framework defined and ready to guide our frame-

work, it’s time to design the components that will constitute our framework.
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Figure 3.1: Information structure proposed by Garca-Solorzano, D. Et. All(7).

3.1.2 Components

To allow the framework to achieve the proposed core objectives set on the previous

section while allowing the framework to be flexible and adaptable, in terms of to new

challenges, scenarios and variables, the components of the framework must be designed

in a modular fashion. This modular design will allow control the flow of information,

detect and manage errors and problems efficiently as it reduces the collision domain

to the specific module in charge of a process, it will also allow to expand and update

functionalities of the framework without impacting other components of the frame-

work. The proposed components of the framework will be explained in the following

subsections.

3.1.2.1 User management component

This component, as it’s name indicates, is in charge of of managing the users of the

system, that is to say, it will be tasked with acting as an access filter (log-in), retrieving

the user profile (table 3.1) and preferences(17), and user creation, figure3.2 exposes this

component.

As mentioned before, new users to the systems must complete the “Index of Learning

Styles Questionary”, as proposed by Graft, S. Et. All(21), to allows for the proper

identification of the user’s learning style, which in turn allows the system to provide

learning objects that best suit this profiles. To account for learning resources with

limited nature (from now on called referred as “Laboratories”), a second questionary
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Figure 3.2: User management component.

Name Name of the user

Lastname Last name of the user

Username Friendly name that allows the user to

access the system.

Study locations User preferred locations to study.(17)

Learning style Learning style that best suits the stu-

dent. This learning style is inferred us-

ing the Felder-Silverman learning style

questionary.(21)

Distraction level The noise/distractions level present in

the environment that the user feels

suitable for studying.(17)

Current location User’s current location, this informa-

tion is collected using the built-in func-

tionalities of the user mobile device.

Current distrac-

tion level

Measures the distraction level of the

current position of the student; mi-

crophones, cameras, and other input

methods that allows to capture the en-

vironment are used to determine this

level.(17).

Table 3.1: User’s profile elements.
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is proposed, this will allow the system to accommodate the usage of the resources

by means of a turn base system, the listing3.1 shows the structure of this second

questionary.

(1) Are you currently working ?

Yes No

(2) At what time frames will it be easier for you to access the laboratories ?

(Input one or several as you see fit)

( If your answer to question one (1) was affirmative please respond the

following questions )

(3) What’s your working schedule?

(4) What’s your time zone ?

(5) What days of the week do you work on ?

(6) Does your working activity requieres you to travel constantly ?

Yes No

Listing 3.1: Prototype of the student’s time availability questionary which will allow the

system to distribute the time usage of learning resources of limited nature

3.1.2.2 Learning objects management component

Onces the user’s profile is loaded, it’s time for the “learning objects management com-

ponent” to act as a bridge between the “learning objects repository”, the “user manage-

ment component”, and the “content management component”, by means of receiving

the user profile, using this information to retrieve the learning objects that best suit the

given profile and sending them back to the “Content management component” which

presents the information to the user. Figure 3.3 show the processes of this component.

When dealing with learning objects of limited nature(24, 27), it’s necessary to think

of a solutions the problem of distributing said resources, for that reason, as mentioned

before, a “turn based” system is proposed as a solution to this problem. To achieve

this, the system is based on a combination of project management theory(37) and

virtual machine resource management techniques(40, 41). The result, is a system that
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Figure 3.3: Learning objects management component

organises turns by priority and availability; to determine the student’s priority a factor

evaluation is applied, each student’s priority starts at cero (less priority), and a set

amount of priority units are added for each factor that applies to the student, the

factors are resumed bellow.

• The student is part of the work force: A student that is also a worker has a very

restricted time frame that he can dedicate to studying, as his working schedule

is usually one that is inmutable, for this reason, a working student must have a

higher priority that those who are dedicated one hundred percent to studying,

where they have control over their studying time frames.

• The student has to constantly travel: This could be considered a internal filter to

be applied to working student’s it it only affects them, the idea behind this filter

is simple, people that are required to constantly travel due to work, have an even

tighter time frame where where they can access this resources, and thus, they are

assigned a higher priority.

• Learning style: Taking into account that some student’s learning styles may lead

to them seeing more benefits out of the usage of the laboratories that their coun-

terparts, in other words, learning styles should also be one of the factors to be

taken into account for determining the student’s priority. Following is the pro-

posed method to assign priorities to each of the learning styles.

– Active/reflective: Since this leaning style is the most dependant on direct,

active interaction with the learning materials(21), students that belong to
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this leaning style will have their priorities set in the following fashion; if

they are on the “active” end of the spectre, +2 units will be added to their

current priority level, the amount of units added will decrease by 0,5 units

the closest the level grows to the “reflective” end, that is to say, “reflective”

students are given a priority of -2. Working students that are classified on

under this learning style, and that are on any of the levels of the “reflective”

spectre, are not affected by negative values given by this priority system, in

other words, only the positive values are taken into account when dealing

with working students, as their time frame for studying is more tighter than

that of the their nonworking counterparts.

– Sensing/intuitive: Students on the “sensing” extreme, learn from concrete

materials, this puts their learning process in a position where laboratories

can be beneficial, but not essential to it’s development, thus, the priority

assigned to students on the “sensible” extreme is +1, and as they grow

nearer to the “intuitive” level their priority diminishes by 0,25 all the way

to -1 on the other end of the spectre.

– Visual/verbal and Sequential/global: From the documentation gathered(17,

21, 32), there seems to be no direct impact on this learning styles produced

by laboratories, as such, their priories are not affected in any way.

The pseudo-code exposed in listing3.2, explains the underlying algorithm that pro-

cesses the information collected by means of the “time availability survey”3.1 and the

“learning style questionary”(21), in other works, the inner workings of this turn assign-

ment process.

Retrieve the users profiles and time availability.

Determine the users priorities,

Segment users by priority order.

For each user, starting with the highest priority do :

{

Randomly select a user.

{

If the user first preferred time is available:

{

Assign the turn.
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}

Else

{

Determine if any of the other preferred times is available.

{

if so, assign the turn.

}

Else.

{

Determine if the user works, if so, search for an available

turn close to the availability time frames, else assign a

stand by status.

If found, assign it, Else, assign the closest turn to his non

working schedule.

}End if else

}End if else

}End if else

}End do, when no users are on unassigned or stand by status.

Listing 3.2: Pseudo-code exposing the resource distribution algorithm

As can be seen3.2, the “turn assignment process”, tasked with assigning the turns

for using the laboratories, it works by taking the previously collected data on learning

styles and time availability of the students, then, students are grouped by their priority

level which allows for the creation of the “activities schedule”(37), in other words, in

what order must the task (student turns) be executed taking into account the required

resources versus the available ones and their restrictions. This leads to the creation

of the network diagram for the course, this diagram is represented as a matrix M of

the form M = h, d, e, where h = Time of day, d = Day of the week and e = Available

resource. this matrix, once solved, allows for the creation of the “project schedule” or

in our case the complete allocation of the turns, the solution to this matrix becomes

trivial using the “critic chain method”(37) if we consider every d as an independent

29



3. RESEARCH WORK

Figure 3.4: “Project schedule” solved using the “critical chain method” having each

resource be it’s own independent “project”.

project, as seen in figure 3.4.

3.1.2.3 Learning objects repository component

This module is in charge of storing, classifying, and filtering the learning objects, this is

achieved by saving information about the resource, such as it’s type (video, image, text,

audio) and the recommended usage location(17). This classification helps managing

petitions from the “content management module” regarding learning materials for a

given student profile, with a set learning style, and the current external factors such as

location and distractions levels.

Figure 3.5: Learning objects repository component.
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3.1.2.4 Content management component

This module is the one that could be consider the closest to the user, as it’s main goal

is that of displaying the content back to the user, retrieving his inputs and sending

them to the adequate component to be processed, in other words, this module could

be consider as a “View” in the MVC model(? ), this allows for fast responsive and

transparent execution of the task while keeping the process scalable.(? ) Figure 3.6,

presents the inner working of this component, as can be observe, there is a view element,

which acts as the central axis of this component, allowing other component to present

information back to the user, this information can be presented in ways that range from

forums, task, activities, schedule, teacher’s room, and so on(4), each of this elements

can then receive new petitions from the user that are sent back to the corresponding

modules, and the corresponding answer to the user petition is then displayed back to

the user, this cycle could be consider the main process of our framework.

Figure 3.6: Content management component.

3.1.3 Student tracking component

To help the teacher labours (as well as the student learning process), tracking the

student learning process is necessary as means of giving precise feedback and identifying

problems and difficulties that may arise during this process. This component is divided

into 2 elements, tracking and evaluating. Tracking, deals with keeping track of the user

and course statistics, and application usage (actions taken while using an application

derived from the framework), say, te average grades, the average time to turn in an

activity, or the usage they give to course workspace such as forums(4); evaluating,
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in the other hand, deals with processing this information and storing storing it, and

presenting it to the user when required, be it an enquiry, or a programmed alert when

some indicators goes over a set boundary, this means, teachers can have an easier time

assessing the state of the course.

3.1.4 Information visualisation

As discussed before, the importance of the information being presented in a mostly

visual way is important to help the teachers and student quickly learn about their the

status of their learning process without it becoming a mental burden(33), as such, we

presente the suggested interface to be used when presenting information back to the

suers, following this line of thinking. The figure 3.8 presents “Students” information

page using the concept of “faceted browsing”(4) as a tart point, but adding learning

styles(21) informations to the “facets”; the end result is an interface that presents

segmentation tools on the lateral panel, to allow the teacher find insights about the

course and it’s status, in the other hand the the teacher can easily access information

regarding each individual student in the form of completion percentage, represented by

the black bar, and it’s learning style, represented by a color code, using saturation to

represented the level of the spectre where the student is at, as shown on figure??

Figure 3.7: Felder-Silverman visual representation of the spectres levels.

Figure 3.9, presents the “Schedule” interface, which provides information regarding

the academic calendar, such as start and end dates for activities, important dates,

special events and any other event thats related to the student’s learning process. It

is also here that the teacher can keep track of the proposed learning track (the course
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Figure 3.8: Prototype ”Students” teacher interface.

Figure 3.9: Prototype ”Schedule” interface.
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Figure 3.10: Prototype ”Activities” teacher interface.

structure); this is achieved using a main windows with a side panel, the side panel shows

resumed information on a selected event while the main windows shows the schedule

for the month and visual cues about the elements to be developed on that month. The

bottom most panel of the main window presents the events for the currently selected

day (the current day by default) .

Figure 3.10, shows the “Activities” interface, this interface is tasked with presenting

information back to the educator regarding the status of the activities proposed to the

student to develop during the course; as to alleviate the mental burden of processing

this information, it is presented as a Gant diagram; additional information regarding

the student pace, as proposed by Garcia-Solorzano, D. Et. All(4), is presented as a

progress bar, with an indicator of the minimal aceptable level. Other data regarding the

activities status is also presented as means of tracking the student process. Students, on

the other hand, are presented with the interface shown in figure3.11, here, the student

is presented with a Gant diagram regarding the proposed course schedule, and the

suggested learning objects to complete said activities, if he so desires, he can also have

access to a complete list of all the available learning objects.

Figure 3.12 presents the information on deliverable activities that the student must

develop thought the course to be evaluated by the teacher, here, the proposed activities

get graded as a mean for the student to be able to assess his knowledge; information

regarding the general status of the course is also provided as to provide contest to the

grade that the student is being presented with.
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Figure 3.11: Prototype “Activities” student interface..
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Figure 3.12: Prototype ”Deliverables” interface.

Figure 3.13: Prototype “Laboratories” interface.

36



3.2 Conclusions

Figure 3.14: Prototype ”Forum”interface.

Figure 3.14, presents the forum interface, it’s divided into a side bar and a main

section, the side bar presents information regarding recent activity in the forum, such

as new posts and replays. The main section is used to presents forum navigation, as

such, first of all the user can see all the forum topics, and by selecting one, frame is

populated with the information about that topic; to keep track of the user’s location

on the forum navigation, a “bread crumbs” menu is used as well as navigation buttons

to advance a level, go back a level, or go back to the root of the forum.

Figure 3.13 shows the “Laboratories” interface, in here, the student can have access

to learning objects of limited nature such as licensed software, as an example, the figure

shows the “Unreal Engine SDK” being accessed remotely by the student, a side panel

is used to trouble shot whatever problem the user may have during the execution of

the laboratory.

3.2 Conclusions

This document presents a survey identifying the state of the art of current learning

management systems, information visualisation and learning resources, identifying sev-

eral key points. First of all, learning management systems, evidence show that this

systems seem to focus in solving one problems at a time giving birth to several learning

systems, each with their own specific characteristics, which in turn makes this systems

restrictive. On the other hand, information visualisation, a tool that helps enrich the

learning process of the student, could in fact be counterproductive if the elements take
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more focus than the actual message that it’s trying to convey, Lastly, some learning

resource types are not being acknowledge by learning management systems, and the

ones that are, such as remote laboratories, lack proper integration. For this reasons

a nobel approach in the form of a multivariable framework is proposed, thus giving

us an scalable, adaptable way of dealing with the current problematics. The proposed

solution presents a modular structure, this structure divides the work between differ-

ent components, which makes it so that elements are decouple, providing the ability to

modify or add components into the framework without affecting the other components.

The solution does also present standard visualisation elements to guide the creation of

information visualisation elements, thus reducing the risk of this elements losing the

focus of the message they are trying to comvey.

3.3 Future Work

Future works following this line of research could deal with solving the resource distri-

bution problem when it is impossible to solve the turn signalment matrix, such as cases

when overlapping occurs, which could be solved implementing “resource levelling”(37)

inside the proposed algorithm3.2.

Other interesting lines of research could consider solving resource management im-

plementations of this systems using social policies by convining concepts exposed by

Ostrom, E.(35) and Christopherson, K.(36).
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