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ABSTRACT

During the teaching of a subject, engineering in this particular case, students acquire knowledge
through different learning activities that are guided by the teaching staff. In this process, students
work with the resources and activities provided by the faculty, acquiring knowledge and demonstrating
it through an exam. In this work, students have been asked to share their learning experience and to
create knowledge resources that can facilitate learning. Thus, collective knowledge has been created
in the subject, which can be used by anyone. The work has shown that students can create useful
knowledge for the subject, as well as establish an ontological classification of all the knowledge
necessary for learning the subject. The results of this analysis show the ontology defined by the
students that is applicable to any subject. This study also describes the process carried out for the
creation and management of knowledge by the students themselves, as well as the perception of the
use of the collective knowledge created.
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INTRODUCTION

In the current educational model, present at all academic levels, classroom training is mainly based
on lectures in which the teacher transmits knowledge while students merely listen and receive the
contents. Direct consequence is a total inactivity or passivity of the students, who tend to memorize a
series of concepts that, most probably, they will forget once the exam has been taken because nobody
will ask them about them again.

Different authors have shown that if students participate actively in the training process, the
obtained learning is more effective and efficient, both from a cognitive and emotional point of view,
which translates into a lower failure rate and, consequently, a decrease in the dropout rate. Kolb (Kolb,
1984) states that the learning cycle should begin with an initial period based on the continuous and
active participation of the students. Dewey (Dewey, 1916), (Dewey, 1929) associates learning by
doing with the improvement of learning, since in this way more cognitive actions than mere listening
are involved.

The active process is the most important pillar of the constructivism theory (Mathews, 1998)
which is based on the fact that learning takes place when new knowledge is created from existing
knowledge, by combining both (Bringuier, 2000), integrating social interaction (Vygotsky, 1978) and
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interacting with the environment, which facilitates the learner’s understanding of his or her immediate
reality (Ausubel, 1969).

Other works focus more on procedures and activities. Thus Bloom, in his well-known taxonomy,
highlights the creation and evaluation of knowledge (Bloom et al., 1956) and uses different levels of
cognitive activities that are directly related to the impact on learning.

Currently, methodologies such as Flip Teaching (FT) promote active learning (Strayer, 2012).
This methodology consists of moving the lesson home while the tasks are performed in the classroom
(Baker, 2000), (Lage et al., 2000). Traditional classes are replaced by videos, readings and other
activities that students can execute individually outside class hours; meanwhile, the classroom becomes
ameeting place where knowledge is implemented through the development of practical activities and
in a cooperative way between students and teachers (Angelini et al., 2015), (De Oliveira et al., 2015),
thus encouraging interaction amongst them (Brahimi et al., 2015). In addition, in the TF the learning
process is enhanced with didactic resources generated by the students (Danker, 2015).

However, the implementation of this methodology requires an important organizational change
in learning, which is not always easy to put into practice and, in addition, it demands a great effort
on the part of the teaching staff. Some authors such as Bergmann and Sams (Bergmann et al., 2012)
state that the implementation of FT implies an increase in interaction among students, the assumption
by students of responsibility for their own learning, the role of teachers as advisors in the classroom,
virtual spaces for storing content and classrooms where students can carry out learning activities. The
Flipped Learning Network (FLN) detailed the FLIP model, establishing four essential pillars (Hamdan
et al., 2013): a flexible context, a learning culture (modifying the role of the teacher), intentional
content (in order to encourage student participation) and a professional educator.

In order to solve the problems of disconnection between the activities at home and those
performed in the classroom (Fidalgo-Blanco et al., 2018a) presented by the FT methodology, the
Micro Flip Teaching model is developed which is implemented for a traditional classroom course
(Garcia-Penalvo et al., 2016) where a linking factor is introduced between the activities inside and
outside the classroom, solving this lack of connection.

The unifying activity is very important in the Micro Flip Teaching model because it allows
the linking of the learner between the lesson at home and the in-class activities (Strayer, 2012). TF
requires the learners to be active in their learning so that they can be more engaged in their learning
and thus enjoy the opportunity to be able to practice what they have learned (Bachnak et al., 2014).
The production of content by the students themselves is an indicator of this activity.

Thus, this binding activity in which students create learning resources, presents three main
objectives: first, to check the degree of assimilation of the contents in the activities outside the
classroom; second, to generate educational resources to be used in the activities inside the classroom;
and finally, to turn students into active and more collaborative subjects in the learning process. In
addition, this activity promotes the use of the knowledge generated by the students as a learning
resource (Sein-Echaluce et al., 2016) and creates evidence that the teacher will later include in the
class (Fidalgo-Blanco et al., 2017a). Previous research has shown that this method makes students
active and encourages them to create useful knowledge for the learning process (Garcia-Penalvo et
al., 2016), (Fidalgo-Blanco et al., 2017b).

Therefore, it is shown that learners are capable of creating useful knowledge for themselves
(Fidalgo-Blanco et al., 2017a) and, that this knowledge is diverse because it depends on the academic
level of each learner. Consequently, knowledge creation and diversity can lead to learning (Mazur,
2012). The production of knowledge by students is the result of the application of active methodologies
in which students are participants in their own learning process, during which they acquire experience
in contents, competencies and skills about a specific academic discipline, reaching its zenith when
the student has completed the learning of a specific knowledge. Thus, students can generate useful
knowledge [14] that can be used by students in another course or academic year (Sein-Echaluce et
al., 2016).
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In addition to creating knowledge, students and teachers need to manage it (Fidalgo-Blanco
et al., 2014), (Fidalgo-Blanco et al., 2015a) for learning to take place; it is obvious that collective
capabilities always exceed those of a single member (Mann et al., 2017). Knowledge management
is based on the creation, identification, classification, organization and use of knowledge created by
the organization, but not only by one person but by each of the members that compose it (Nonaka
et al., 1995). Knowledge management implies a better performance of the organization through the
continuous learning of their members and requires the cooperation of each of them.

Information and Communication Technologies (ICT) are designed to work and manage
information and knowledge (Garcia-Pefialvo, 2016), so they are a suitable support for sharing and
organizing knowledge among different people in an organization (Garcia-Pefialvo, 2011).

The tools that facilitate the optimal management of distributed knowledge belong to Web 2.0,
and the most common are social networks, which represent a means of communication amongst
people and their organizations, as well as a means of knowledge. The integration of social networks
in knowledge management is feasible, since these networks allow information sharing and encourage
the creation of appropriate means for knowledge dissemination (Altinay et al., 2016).

A characteristic of social networks is that it is the user himself who organizes the information
shared with tags, being the most common tool for this purpose (Ma et al., 2015). The set of tags used
in a community is called folksonomy (Sinclair et al., 2007) and can be considered as the knowledge
organization system of that community (Mai, 2011).

In a previous research (Fidalgo-Blanco et al., 2018), social networks were used to organize the
knowledge created by students. One of the aspects that students liked the least was the difficulty in
finding contents on the network, being considered more important the organization and search of
contents (Argelagoés et al., 2012).

This work presents a knowledge system in which students have designed the classification and
organization of knowledge through tags and defining folksonomy. In addition, the knowledge was
created in a cooperative way through work teams. As a result, a platform where cooperative knowledge
can be easily searched and located is obtained.

The objective of this research is:

Identify the folksonomy that defines the students’ view of the different knowledge they generate.
To indicate the type and amount of knowledge that students create throughout the course.
3. Determine the students’ perception of the knowledge created collectively.

N =

The following section defines the functional and conceptual model used. Subsequently, the
context in which the research work has been applied is described, followed by a summary of the
results. Finally, the conclusions and discussion conclude the work.

MODEL

The model is based on the concept of education 3.0, whose main points are:

Students are consumers of knowledge, but also producers of it.

Students are able to organize the knowledge they create through folksonomies.

3. Collective knowledge created is always greater than knowledge created by a single member of
the collective.

4. Connections between the different members of the collective produce both individual and

collective learning.

N =
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A knowledge management model based on these principles is the “active cooperative collective
intelligence” model, ACCI 3.0 (Sein-Echaluce et al., 2019). The model has the following main
components:

1. Ontology: knowledge classification.
Repository: management system, both knowledge and ontology.
3. Search engine: semantics based on inferences of the elements that compose the ontology.

In addition, the effectiveness of the search results through the ACCI 3.0 model engine (Fidalgo-
Blanco, 2020) has been scientifically validated by contrasting the searches performed by human
experts with those performed by the search engine. The peculiarity of the works in which the ACCI
3.0 model has been used is that it is the faculty of the subject itself who establishes the knowledge
ontology and the knowledge produced by the students is not used by the students who created it but
by the students of subsequent courses.

The contribution of this research work does not modify the model, but it does affect the way
it is used. In this work, the students are the ones who create the ontology, they upload the created
knowledge and this is used by the same students who created it. Figure 1 shows traditional methods
on the management of contents generated in teamwork and the proposed model in this research work.

Figure 1 ACCI 3.0 model applied
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Flow of contents identified by letter “a” (in figure a and al) represents a traditional model of
teamwork and results management. In the traditional model, teamwork goes through a series of stages:
forming, storming, norming, performing and delivering-documentation (Tuckman, 1977), (Stein,
2016), IPMA, 2006). At a specific stage: “delivering-documentation” corresponds to the moment
when the documentation, including project results, is delivered. This means that any attempt to manage
knowledge is done when the work is finished and the results have been delivered. If the work deadline
is placed at the end of the course, then knowledge management will be done at the end of the course.
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In previous works (Garcia-Pefialvo et al., 2019), (Fidalgo-Blanco et al., 2019), (Sein-Echaluce et
al., 2017), (Sein-Echaluce et al., 2015a) this is the model that was applied; that is, when the course
is over, the faculty will manage the results of the work. Figure 1-a represents the results which are
delivered after the work is finished and Figure 1-al the faculty manages the work results after the
course is finished. The results are stored in a knowledge management system that has the ACCI 3.0
model. This working method involves two situations:

1. Students do not benefit from the resources provided by the community. Final results are made
public once the course is finished, therefore the use of them is available for the students of the
following courses.

2. Teachers are responsible for identifying, selecting, sorting, classifying, organizing and entering
the works in the repository.

Data flow “b” in figure 1-b, 1-b1l and 1-b2 represents the strategy followed in this work. First
of all, the contents to be worked with are parts of the work instead of its final result. As soon as a
part of the work is finished, the students themselves manage it in the repository. In the management
process, students must identify, classify, organize and upload the contents publicly to the repository.
This implies not only uploading the resources but also defining an ontology to classify them. The
process to define the ontology is the following:

1. Each resource is associated with a set of tags that identify the content of the resource, the type,
the learning action in which the resource arises and the usefulness of the resource (Figure 1-b).
2. The students check if these labels already exist or are similar. If so, the name of the label is
modified with the one that already exists, thus avoiding duplication in the ontology (figure 1-b1).
3. [If they do not exist, the tags are associated to the ontology.

In this way, the students are who, in first instance, define the ontology. Subsequently, in face-
to-face sessions, the teacher and the students review and, if necessary, redefine the ontology (for
example, by grouping labels). This data flow is significantly different from the previous one:

1. The students who generate the contents benefit from them since they are made public during the
course, as opposed to the previous model, which was done at the end.

2. The work of resource management, from identification to uploading to the repository, is done
by the students. The faculty assumes the role of coordinator and reviewer, as opposed to the
previous model in which the faculty had to do all the management.

In this research work, there are aspects which are common to the scientific works where the
ACCI 3.0 model has been used, these are:

1. Methodology used during the course is an active methodology called MicroFlipTeaching (MFT),
which promotes knowledge creation by the students (Sein-Echaluce et al., 2015b).

2. Students create knowledge in working groups. The teamwork method used is the CTMTC, which
allows transparency in the individual participation of each member of the work team (Fidalgo-
Blanco, 2015b).

Results of the repository, ontology and search engine of the technological platform used to support
the ACCI 3.0 model are described below. The content management platform is Wordpress (WP),
which supports more than 30% of the existing websites in the world, as well as 60% of the content
managers: https://w3techs.com/technologies/overview/content_management/all.
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This platform includes a self-developed plugin (Fidalgo-Blanco et al., 2018a) called “Ontological
Search” (OS). OS is a search engine of the content manager with a semantic layer and, being a
plugin, is transferable to any other context and training environment, allowing authenticated users
to organize the shared information, generating the most appropriate folksonomy for the knowledge
hosted in the repository.

Figure 2 shows the different parts of the knowledge repository uploaded by the students. The left
part of the figure presents the entries according to the upload date. The last uploaded contents are the
first to appear. The structure is very similar to the organization of posts in a blog or messages in a
social network. The left side is the Wordpress document management system. The resources uploaded
by the students are composed of two parts: the categories and the post. Categories correspond to the
ontology classification which is defined in the course by the students themselves. The post is the
content itself and it includes:

Figure 2 Knowledge repository
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Right part of figure 2 corresponds to the plugin developed to perform resource searches based
on inferences from the different tags that make up the ontology.

Figure 3 shows the relationship between the search plugin and the Wordpress category and tag
management system.



Journal of Information Technology Research
Volume 15 « Issue 1

Figure 3 Search plugin and the Wordpress category and tag management system
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Figure 3-a represents the categories and tags that are incorporated into Wordpress. Categories
are usually used to define a well-defined organizational structure and tags usually clarify and expand
the classification based on a category. It could be said that categories represent the thematic blocks,
for example, of a subject and tags provide specific information to learning resources that are within
a category. For example, a knowledge resource may have the categories: Blockl, Subject] and the
tags: video, teacher narrating the video and difficulty. Moreover (Figure 3-c), the developed plugin
can also organize categories and tags hierarchically. The system does not distinguish between tags
and categories, but allows to establish a hierarchy between them.

Hierarchies are:

Tree: It corresponds to the different groupings in which the resources of the subject will be classified.
The groupings are the students’ visions of the resources. For example, in this experience the students
have defined, among others, the following groupings:

Learning activity

Students’ profile for whom the resource is designed
Type of resource

List of topics for a subject

Sl

Branch: These are the labels that define each Tree (each category). Branches are the elements
that make up the category, for example, in the case of the “SYLLABUS” tree, the labels would
correspond to the different topics.

The developed plugin allows to relate Wordpress categories and tags with the trees and branches
that compose the ontology. A branch can be assigned a single category or tag. This way of sharing
allows Wordpress to work as a document manager and to use the corresponding categories and tags,
and also allows the plugin to manage searches. Searches in Wordpress and other Web 2.0 systems
allow you to search by text and by a tag or category. What the plugin does is to expand the possibilities
of the search, allowing you to search by text + by a logical expression formed from branches (which
correspond to the different tags). The operation defined for logical expressions is the following:
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1. If they are labels of the same tree, then a logical expression with the “or” operator will be made
between them.

2. [If they are labels of different trees, then among the selected labels a logical expression will be
made with the operator “and”.

This search system is designed to serve situations where the learner does not know what content
there is, or even the very content they want to search for. But they do know, for example, what they
want to use it for. Figure 4 shows an example of a search:

To search for all resources that can be used to perform the learning activity “Understanding
a concept” or “Prior preparation” and that the target profile is “Puzzled”. As it can be seen in the
Figure 4, the plugin has found 155 resources that meet these conditions. The search is recursive; that
is, further refinement can be performed on that search, e.g., in figure 4-b a new tag corresponding

Figure 4 Example of a search
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to the “Resource type” tree is added to the previous search. In this case the search would be: to
search for all resources that serve to perform the learning activity using a specific type of resource,
“Understanding a concept” or “Prior preparation” and that the target profile was “Puzzled” and that
the type of resource was “Example provided by the learner”. In this case the search was refined and
the system found 29 resources.

The developed plugin is currently in a testing period and it is being used in subjects of 5 degrees
belonging to three different degrees. By the end of 2021 the tests will be finished and the aim is to
leave it as free software.

CONTEXT

This work has been carried out with students of the subject “Fundamentals of Programming”,
corresponding to the first year of the degree of “Biotechnology” of the Name of Institution. The
academic year in which it has been carried out is 2019-2020. The two main specific competences of
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the subject are related to Numerical Calculus and the R programming language. The main generic
competence is teamwork. The results of the teamwork are presented in the final exam of the subject, but
its development is done during the course. The course is taught in 4 months. The system of teamwork
is as follows: during the first two months, students form the team, decide the topic of the work (related
to the specific competences) and receive training on the CTMTC teamwork method. During the
other two months, the team members have to develop an ontology and upload the knowledge to the
repository at the same time they create it. Therefore, the results of this research work are produced
during the last two months of the course.

RESULTS

Sixteen work teams and a total of 97 students have participated in this research work. The repository
where the results are organized, accessible and open, can be found at the following web address:
http://trabajo-cooperativo.net/

Organization of this section is structured according to the data necessary to verify the achievement
of the objectives of the work. Thus, we will start with the data for the identification of the folksonomy,
continuing with the analysis of the type and amount of knowledge contributed by the students (based
on the folksonomy) and, finally, we will show the survey on the perception of the usefulness of the
collective knowledge.

Folksonomy

Folksonomy defines the process of defining the classification (ontology) of all the resources of a
subject, but defined under the students’ own vision. The students have defined two main groups:
contents and learning. The content group has been subdivided into the most important specific and
general objectives. This group is defined by Algorithm (corresponding to Numerical Calculus), R (to
R programming language) and teamwork. As a result, this group has three subgroups.

Table 1 shows the ontology related to the content. The first row shows how students have
grouped the class content. This corresponds to the different scoring blocks of the subject: Algorithm
(lecture test), R (lab test) and Teamwork (score deliverable assignment). The second row identifies
the grading for each block.

Table 1. Ontology Related To The Course Content

Algorithm R Teamwork
Conditionals Data structure Coordination
First steps Functions and Sentences Normative
Loops Programs Mission
Algorithms Responsibilities
Planning
Execution
Results

The learning process has been divided into three subgroups: the learning activity to which the
created resource is associated, the profile of the resource recipient and the type of resource. Table 2
shows the classification defined by the learners for each subgroup.

1. Bewildered: This is the student who, although attending class and studying what has been taught
in the classroom, is not able to understand the contents of the course.
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Table 2. Ontology Related To The Learning

Activities Addressee Type of Resource
Apply Bewildered Notes
Understand Unexperienced Advices
Avoid errors Initiated Doubts
Prepare Missed class Examples
Review Lost Exercises
Practice Surveys
Interviews
Errors
Texts
Explication
Map
Tricks
Learnt lesson

The first column shows the students’ view of the different learning activities they perform. It can be seen that, according to their vision, the subject has six
learning activities.
The second column shows the learner’s profile. This classification should be clarified because it is an interpretation of the students.

2. Inexperienced: is the student who has not studied yet the content and it has not been taught in
class.

3. Initiated: the student has seen the content in class or in other courses, but has not studied yet it
in depth.

4. Missed class: for students who have not attended class for any reason, or for students who have
not taken yet the class.

5. Lost: Students who have not followed the lesson or course for some time, usually because they
have found it too complex.

The third column shows the variety of types of resources that students work with. This is
the broadest classification. All this classification was done in class, following large group and
brainstorming techniques. When a student, or a group, created new knowledge to upload to the
repository, a new discussion was opened to classify it. The teachers were in charge of taking notes
and sharing them.

The classification was uploaded to the knowledge repository and the different columns of row
1 of tables 1 and 2 were called tree. The second row of each column of tables 1 and 2 was called
a branch. Thus, for example, the “Addressee” tree has the branches Bewildered, Unexperienced,
Initiated, Lost and Missed Class.

Content Uploaded by Students

This section will describe the number of contents uploaded by the students, as well as the most used
branches. The students uploaded a total of 272 contents, which means an average of 2.8 contents
uploaded per participating student in the research. The same knowledge can have several branches,
but this classification allows us to know the preferences in the creation of knowledge by the students.
The following is a breakdown of the amount of content uploaded according to the branches of the
trees: learning, profile and type of resource. This option has been chosen because it presents a more
general interest than the different contents of the course.

Tables 3, 4 and 5 show in the first column the type of knowledge uploaded to the repository in
each branch; the second columns show the amount of knowledge uploaded for each branch.

10
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Table 3. Type of knowledge and occurrences for the tree “student profile”

Profile Number
Initiated 142
Unexperienced 76
Bewildered 74
Lost 65
Missing class 58

Table 4. Type of knowledge and occurrences for the tree “profile of learning activities”

Learning Activities Number
Understand 96
Review 81
Avoid errors 70
Practice 61
Prepare 59
Apply 59
Table 5. Type of knowledge and occurrences for the tree “type of resource”
Type of Resource Number

Explanation 81
Notes 66
Advice 57
Examples of students creation 54
Exercises of students creation 40
Class example 30
Errors 27
Test 24
Learnt lesson 18
Trick 14
Class exercise 13
Interviews 12
Questions 11
Surveys 3

Map 2

1
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Perception of the Use of The Collective Knowledge Created

1. Q1: The resource I have created and uploaded has helped me to improve my knowledge of my
own content.

2. Q2: Resources uploaded by my team have helped me to improve my learning.

3. Q3: Resources uploaded by other groups have helped me to improve my learning.

The questions belong to the Likert scale of 1-5, where 1 is “never” and 5 is “always”.

Questions were asked to all students who participated in this research, but they were asked in two
groups. One group consisted of the people who led the teams and the other group consisted of all the
people who had not been leaders. On the one hand, out of a total of 16 possible “leaders” the survey
was completed by 16 people, which means 100% of the leaders. On the other hand, out of a total of
81 participants in the experience who were not leaders, a total of 76 people answered questions Q1
and Q2 (93% of the participants in this group) and a total of 44 people answered question Q3 (54%
of the total). The results are reflected in Table 6 for the people who acted as leaders and in Table 7
for the rest.

Table 6. Perception of the impact of the knowledge creation in the learning process. Leaders.

Leaders Average Deviation N
Ql 3,938 0,771 16
Q2 4,312 0,478 16
Q3 4,125 1,024 16

Table 7. Perception of the impact of the knowledge creation in the learning process. No leaders.

No leaders Average Deviation
Ql 4,46 0,701 16
Q2 4,039 1,051 16
Q3 4,295 0,78 16
CONCLUSIONS

Objective 1. Regarding the Folksonomy

Students have created the classification of resources around two axes: the different evaluable blocks
of the subject and the learning tasks performed in it. In the first axis, the evaluable blocks are specific
to each subject and these will vary significantly for each of them.

In the axis related to learning, the students have used a classification that could be applied to
very different subjects. The classification has been divided into three main groups: learning activities,
type of created resource and recipient of the resource. Therefore, objective 1 has been met because
the students have made a distribution that can be exported to any subject. In the case of content, to

12
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the evaluable blocks, and in the case of learning, it has been possible to export practically the entire
classification (trees and branches).

Objective 2. Regarding the Type of Knowledge Created By The Learner

In terms of the target audience of the resources, the profile of the initiated student stands out first,
i.e., the student body that attends class for the most part. As for the learning activities, most of the
resources are related to the “Understanding a concept” and “Reviewing already acquired concepts”
activities. This can provide information about the students’ demands on the types of resources. Finally,
in terms of the type of resource, the most important are those of an explanatory nature. These resources
are very interesting because their objective is to acquire learning and the resource is associated with
a strategy to explain it. Thus, the most common knowledge resource was the guideline knowledge so
that the students attending the class understand the different contents presented.

Objective 3. Students’ Perception of the Learning
Acquired in the Creation and Use of Knowledge

All questions scored close to 5 (the highest), demonstrating that the creation and use of knowledge
created by students influences their learning. It should be noted that the same trend of results has not
been obtained for people who have been teamwork leaders as for those who have not. While for the
leaders the most useful knowledge has been that created by the team, for the rest of the people it has
been that created by themselves. As for question Q3 asked to the group of non-leaders, the significant
difference in the answers to questions Q1 and Q2 should be studied.

FUTURE WORKS

There are three future working lines to be developed. The first is to verify scientifically the degree
of exportability of ontology in other subjects, as well as the detail of the trees and branches that can
be studied the most. Another line consists of looking for relationships between the created resources
and the needs of the students in the subject. We will also analyze the resources that have strategies
associated with them, such as the explanation of contents, since part of the learning could be modeled
in a peer to peer format. Finally, we will study the reasons why the people who have acted as leaders
have a different view of the impact of the created resources in the learning process. Leaders have
placed a higher value on group knowledge, while non-leader participants have placed a higher value
on individual knowledge.
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