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Abstract. In the context of an academic subject, students and teachers acquire
knowledge and experience, but we must ensure that this experience will be
shared and managed. In this way, the learning, acquired in the subject, remains
in the subject. A proven way to manage the experience, which has been vali-
dated in previous works, is based on considering two dimensions: the conver-
sion of individual knowledge into organizational and the use of a knowledge
management system that allows classifying, organizing and finding knowledge
based on ontologies and inferences between them. The primary objective of this
research work is to join the two dimensions and apply an active method to
manage the experience acquired by the teaching staff and students. The com-
bination of the models RT-CICLO, as an active method, and ACCI 3.0 to
transform individual and organizational knowledge can be applied so that
organizational knowledge and learning are produced in a subject. In this work
we have identified the actions in which the students create knowledge, as well as
the type of knowledge that is created in each case. Organizational knowledge
can be generated from each action, which can also be used to promote individual
student learning. In the experience also have been acquired a high perception of
usefulness on the part of students with regard to all types of organizational
knowledge created.

Keywords: Active methodologies - Collaborative learning -
Knowledge spiral - Knowledge management system

1 Introduction

In the industry, mainly Japanese, the fact that learning takes place through the inter-
action of workers has been studied, and that learning must be saved and managed
within the organization to improve it [1, 2]. But for the learning to take place in the
organization, it is necessary a set of phases of interaction between the implicit
knowledge of a person (e.g., their experience) and explicit knowledge (e.g., a technical
report that they have made). So, there is a knowledge spiral, called, epistemological
spiral [2] that is based on the following phases:
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e Acquisition of knowledge, it can come from two types of interaction:

— Exchanging implicit knowledge of several people through socialization between
them. This phase is called Socialization.

— Acquisitioning knowledge from the existing implicit knowledge. It is the phase
called Internalization.

e Externalization of knowledge. In this phase the person who has acquired knowledge
must externalize it. Thus, the person should not keep it, he should transfer it through
external support that can be distributed within the organization, even in the absence
of that person. This phase is called Externalization.

e Combination of explicit knowledge. When there is sufficient explicit knowledge in
the organization, mainly produced by its members, it can be combined to produce
new knowledge. To get this combination, it’s necessary to identify, classify and
facilitate the transfer of knowledge wherever it is needed. This phase is called
Combination.

On the other hand, in the traditional academic teaching, the two main actors are the
students and the teachers. The learning that occurs in the subject traditionally affects the
students, but also in the teaching staff, since as they work on the subject increases their
academic and teaching experience.

Thus, students and teachers learn through the acquisition of knowledge, skills and
abilities. If the faculty continues to teach their subject, the experience gained impacts it,
improving it. However, when students finish the course, this does not affect the learning
acquired in the same since they leave.

In the context of an academic subject, the students and teachers acquire knowledge
and experience, but you have to get this experience is shared and managed. The most
suitable methodologies for the students to participate, cooperate and share are the active
methodologies [3-7].

Numerous authors emphasize that active methodologies produce greater learning in
students [8]. Authors, considered as historical, indicate that students learn more “do-
ing” than “listening” [9, 10], the learning must begin with the active participation of the
students and, also, this active participation must be doing continually [6]. Some
characteristics of the active participation of students are action-reflection [11], coop-
eration [12], work with real problems [13], decision-making [11], and the creation of
knowledge [14].

Likewise, it has been shown that the creation of knowledge itself requires high
cognitive abilities on the part of the author, so their level of learning is higher than if
they did not create knowledge [3]. On the other hand, the creation of knowledge by
students can have different levels of certainty. For this reason, the feedback provided by
the teachers to the students who create the knowledge is a key factor for learning occurs
in the students, and this feedback should be as immediate as possible after the creation
of that knowledge [15].

The main objective of this work is to apply the concept of organizational learning to
academic subjects of the university context. For this, the student is considered a
member of the organization that can learn and create. For the part of the organization
must improve the learning of its members and, for this; it should promote the creation



of individual and group knowledge, as well as the management of the same, so that
impact both the organization and the own individual.

To get this main objective, it must be met these four objectives:

Having a conceptual model that considers a subject as an organization that learns.
Identifying the actions of the students that together with the actions of teachers can
produce organizational knowledge.

Identifying the types of organizational knowledge produced.

Studying the perceptions of students on the utility for your learning of the different
types of organizational knowledge.

The following sections will present the theoretical model on which this proposal is

based, the research context that includes the measurement tools, as well as the results
obtained, to end with the conclusions.

2

Theoretical Model

The initial theoretical model is based on the model proposed by Nonaka for an orga-
nization to carry out learning, this is called epistemological spiral [2]. The first step is
based on correlating the different phases of this spiral with a traditional educational
model. In this way, the feasibility of applying the model and the actions it carries can
be analyzed.

The equivalence between the phases of the epistemological spiral and an educa-

tional model are those:

Socialization. During the face to face classes, socialization takes place due to the
interaction between the teachers and the students. This type of socialization can be
weak (the lecturer holds a master class and the student is passive person) or strong
(students and teachers participate in the class actively).

Internalization. It occurs when the students study the notes that have taken per-
sonally during the lecture or with another teaching resource provided by the faculty,
like notes or recommended books.

Externalization. This phase is unusual among students because traditional methods
don’t promote the active participation of students, and don’t generate teaching
resources. In spite of that, there are numerous authors who point out the conve-
nience of the students to create knowledge, as a method to improve their own
learning. For example, the elaboration of notes by the students during the master
class is an explicit sample of knowledge.

Combination. During this phase the students does a specific academic activity
individually. They usually combine explicit knowledge from different sources: their
own knowledge, the knowledge of other classmates and that of the teaching staff.
For example, in an exam they use the notes that they themselves have taken (ex-
plicit since they have generated it themselves), but they will also use notes of other
classmates and those of the teaching staff.

From this relationship you can design the characteristics that the model must have
order to allow the subject “learn”, that is, to increase organizational knowledge.



Figure 1 shows those characteristics that are described below. The socialization
phase is very common in educational models. Socialization is weak if the methodology
used is passive on the part of the students (for example, a master lesson) and is strong if
it is based on an active methodology where the students participate actively in their
learning process. Therefore, a first requirement to apply this model is that the
methodology must be active (Fig. 1a).

Fig. 1. Characteristics of the proposed model

The internalization phase usually occurs in the students, because they usually
perform academic activities, such as preparing an exam, through explicit knowledge.

In the externalization phase it looks that both students and teachers transform tacit
knowledge into implicit knowledge. In order to create organizational learning to occur,
the members of the organization must externalize and share their knowledge. There-
fore, the model used should motivate students and teachers to make explicit and share
their experience. See Fig. 1b and c.

The combination phase is essential to do organizational learning. It is based on
combining the experience of the students, which they previously shared, with the
experience of the teaching staff. For that, we must be a tool that allows this combination
of knowledge to be carried out at the time and place where such knowledge is pro-
duced. The combined knowledge is part of the subject, but this can also be used by
teachers and students in their individual learning. See Fig. 1d.

Thus, the model should be based on active methodologies; this should encourage
the creation and sharing of knowledge by students and teachers. And it should allow
the combination of knowledge of students and teachers in real time.

In previous research, there have been various models that individually give support
to these identified characteristics. The RT-CICLO model [16] supports the features



defined in Fig. la, b and c and the ACCI 3.0 model [17] supports those described in
Fig. 1d. These models are explained below.

2.1 Model RT-CYCLE for Strong Socialization, Creation and Sharing
of Knowledge by Students and Teachers

It is based on the fact that students participate actively in the learning process. It would
be enough to apply a methodology considered as active, such as Flipped Classroom
[18], Project Based Learning (PBL) [19], Gamification [20], or Game Based Learning
(GBL) [21].

All of these methodologies have some characteristic processes and procedures that
should be applied during the development of the subject. In this work we have used our
own model called RT-CICLO (Fig. 2), this uses the basic characteristics of different
theories, models and methods of active learning. This model is characterized because it
is very simple and can be used punctually or continuously in the development of a
subject. For example, you can use it during a 10 min master class or continue in a set of
class.

Fig. 2. Model RT-CICLO

The model, described in Fig. 2, is based on five actions grouped into four phases, as
follows:

e Phase 1. Action-reflection. This set of actions aims to provide a minimum but
necessary knowledge (micro-lesson) that guides students in the performance of a
specific task. This task is a micro individual or group work, where you must make a
reflection and decision making.



e Phase 2. Creation of evidence. The evidence is the result of the task, which may be
right or wrong. The result must be make explicit and shared online. If the result has
been correct, it is considered as evidence that the student has acquired positive
learning. If the result has been incorrect, it has also acquired learning because one
learns from your own mistakes (as long as they are corrected).

e Phase 3 - Feedback. In this phase the teacher selects results that are correct and
others that are incorrect. The objective is to improve the learning produced in the
previous phase. When feedback is given on a correct result, all students learn from
it. The same happens when you make a feedback of the wrong result, all the
students will learn, because you are showing an error and how to correct it. This
phase gives knowledge to all the students and the learning will improve greater
variety of correct or incorrect results. The feedback can be done by the teachers or
the students. In any case, the faculty must coordinate the process, selecting the
results with which they will work and managing the time.

e Phase 4 - Knowledge creation. This phase is based on the students and teachers
make explicit the knowledge acquired in the previous phases and sharing it.

2.2 Model ACCI 3.0 to Combine Knowledge Generated by Teachers
and Students in Real Time

This model ACCI 3.0 (Active Cooperative Collective Intelligence) consists of two
parts. On the one hand, the functional theoretical model (Fig. 3) and, on the other hand,
software developed to support this functional theoretical model (Fig. 4). Initially, the
model was based on a social network [22], but due to the difficulty of finding content
within a social network [23], a self-development was carried out. That development
consisted in the programming of a plugin [24] for the content manager WordPress.
The components of the functional theoretical model of Fig. 3 are described below:

e Ontology (Fig. 3a). Set of labels grouped into categories that allow to identify
(know the different types), classify (sort them by various criteria) and organize (the
form that is displayed to users) the explicit knowledge generated.

e Repository (Fig. 3b). Physically stores all explicit knowledge. The repository is
composed of explicit knowledge together with the elements of ontology.

o Inferences between the elements of the ontology (Fig. 3c). The inference makes it
possible to interact between the different elements of the ontology and to relate any
element of the ontology according to the interest of each user and the action that it
wishes to carry out.

e Semantic search (Fig. 3d). Use the inferences between the elements of the ontology
to define a logical expression that has to meet the organizational knowledge sought.
You can do a search by text, but also indicating that it must meet a certain rela-
tionship between the elements of the ontology. For example, you can specify that
you want to search “integration polynomials” and that it meets the characteristics
“that serve to understand the concept” and that also “show an example”.

e Meta-information (Fig. 3e). Meta-information is added to each of explicit knowl-
edge; the meta-information is the relationship of that knowledge with the ontology.
For example, using the previous example, the knowledge “interpolation polyno-
mials” can be associated with the meta-information “explain concept”, “example”,
“2018/19 course”, “Mines degree” and “vector data structure”.



Fig. 3. Model ACCI 3.0

Fig. 4. Semantic search through inferences between the elements of the ontology



The software developed for this model allows all the functionalities of the theo-
retical model. Figure 4 shows how several of these functionalities are performed.
Figure 4a shows an example of the ontology of Fig. 3a. The ontology is composed of
the following hierarchical elements:

e Group. Represents the context of the application, the figure is the Matlab appli-
cation used in programming laboratories. A group can have “n” elements “Tree”.

e Tree. It represents a classification of explicit knowledge. Figure 4a shows five
classifications: “Activity to be carried out” (academic action for which knowledge is
to be used), “Data structure”, “Sentences” used in the different programs, “Type of
content” and “Numerical operations”. Each explicit knowledge can belong to one to
several Tree, and each Tree includes a set of metadata.

e Branch. They are the different metadata that is associated with each explicit
knowledge. For example, the Tree “Activity to be performed” has the branches
“Understand a concept”, “Exam exercise”, “Proposed exercise” and “Challenge” to
be performed.

Figure 4b indicates a semantic search through inferences between the elements of
the ontology. In this case, search for the text “Interpolating polynomial”. The
knowledge has to serve to “Understand a concept” (about the “interpolating polyno-
mial”), that knowledge uses a sentence “Function” and that the content type is “Guided
theory (Matlab + slides)”, that is, a tutorial. Figure 4c shows the resources found,
which meet the inference and, therefore, serve to their purpose.

The application of this combination of models allows transforming individual
knowledge into corporate knowledge. In previous research, these models were used to
generate organizational knowledge about university educational innovation based on
good practices carried out in different subjects of different universities [25-27].

In this work, we use the combination of models in a specific subject, whose
description is indicated in the next section on the research context. Likewise, identify
the actions and tools that have allowed to create organizational knowledge, the types of
knowledge that have been generated and the perception of the students to use each
class, which will be presented in the results section.

3 Research Context

The research was conducted in the “Computer Science and Programming” subject,
which corresponded to the first academic year of the Energy Engineering and Mine
Engineering degrees. The model was applied during the academic course 2018-19, to
create organizational knowledge during the laboratory sessions of Matlab programming
from the Energy Engineering degree in the first semester. Each laboratory was orga-
nized into 12 sessions lasting 2 h each. In each session, the combination of theoretical
models expressed in the previous phase was applied. This combination was imple-
mented in the 2018-2019 academic year. The organizational knowledge, already cre-
ated in the first semester, was applied to one laboratory group during the second
semester of 2018-2019 of the Mine Engineering degree, to measure the perception of
the usefulness of the organizational learning elements used.



The RT-CICLO model was used in two ways:

e RT-CICLO Proposed exercise. Around the realization of a proposed exercise,
phases 1, 2 and 4 were carried out in a virtual way (outside the classroom) and
phase 3 in person in the classroom. Each cycle lasted a week.

e RT-CICLO Challenge. Through the challenges (micro-exercises) carried out in the
classroom. All the phases are carried out face-to-face in the same session. The
average duration was 30 min. In each session, one cycle was carried out at least.

The ACCI 3.0 model and the software to manage the knowledge created, was
applied continuously during all the cycles. In real time, the knowledge produced by the
students and the teaching staff was introduced through the software. Based on this
added knowledge, the results that we were obtained are: activities that generate
organizational knowledge and types of corporate contents created during those actions.

During the second semester of the same course, the organizational knowledge
developed was used in the “Computer Science and Programming” subject of the
Energy Engineering degree. A laboratory group of that subject completed a survey on
“Perception of usefulness for learning the different types of elements of organizational
learning”. The qualitative results obtained in this work are presented in the next section.

4 Results

The results of this work have been obtained in the following two scenarios within the
experience:

e In scenario 1 the students, from the laboratories of the first semester, contributed to
create the organizational knowledge (total of 66 students). In this scenario, two
types of indicators have been identified that make it possible to assess organiza-
tional learning: the first indicator consists of identifying in what activities the stu-
dents have generated organizational knowledge, and the second indicator is based
on the types of organizational knowledge created.

e In scenario 2 the students, of the second semester, used the organizational
knowledge of scenario 1 and assessed their perception of the usefulness of this
knowledge in their learning.

4.1 Scenario 1: Identification of Actions that Generate Organizational
Knowledge and the Type of Knowledge

The active methodology based on RT-CICLO got the students involved in the learning
process, generating different types of knowledge through different actions. First, the
actions are identified, and then the typology of knowledge created during the various
actions is presented.

Identification of Actions. Actions have been of two types: voluntary (in these stu-
dents have created knowledge spontaneously and unplanned) and involuntary (in these
students have created knowledge from the realization of processes planned by the
teachers).



Likewise, the contexts where this knowledge has been generated have been taken
into account, distinguishing two meanings: during the classroom sessions and outside
of them (e.g., at home). Taking into account the type of action and the context where it
occurred, the shares are distributed as shown in Table 1.

Table 1. Identification of actions that can originate organizational knowledge

Actions that originate Inside the classroom(1) Outside the classroom(2)

organizational knowledge

Voluntary (A) Al - Doubts and answers A2 - Tutorials

Involuntary (B) B1 - RT-CICLO Challenges | B2 - RT-CICLO proposed
B1 - Mistakes exercises

The first column of Table 1 represents the type of action carried out by the students.
Voluntary actions (second row) are those that are generated spontaneously by students.
The involuntary ones (third row) are those created by the application of the model or by
the results of mandatory actions (for example, doing an exercise in class).

The second column includes the voluntary and involuntary actions that arise during
the teaching of a face-to-face class in the classroom. These actions generate organi-
zational knowledge in real time and synchronously. The third column includes vol-
untary and involuntary actions that arise outside the classroom. The organizational
knowledge created by these actions is carried out asynchronously and for a determined
period.

The actions that produced organizational knowledge were the following, to facil-
itate the placement are assigned a letter A (Voluntary), B (Involuntary) and a number
(1) Inside the classroom and (2) Outside the classroom.

Al. The two most common actions were the doubts expressed by the students
during the face-to-face sessions and the responses of the students themselves or of the
teachers.

A2. The most common action was attendance at face-to-face tutorials in the office of
the faculty, where the students also raise questions and answers are given only by the
faculty.

B1. Two common actions stand out:

e The application of RT-CICLO during a face-to-face session and which has been
called RT-CICLO Challenge.
e The exposure of the common mistakes that students often make in class.

B2. The usual activity is the application of the RT-CICLO model in proposed
exercises.

Types of Organizational Knowledge Generated from the Previous Actions. The
different types of knowledge originated are described below, associating this with the
actions in which it was created (A1, A2, B1 or B2) and these are:

e (Collaborative doubts.



e Orientations.
e Mistakes.
e ] .esson learned.

Collaborative Doubts (Origin Al). Teachers must make explicit in the classroom the
knowledge that is being taught. About this explicit knowledge the student expresses
doubts, makes comments and even answers some doubt. This resource is created in real
time. Figure 5 shows a concept explained in the classroom (Fig. 5a) and the comments
made by the students, together with the questions and answers shown in Fig. 5b.

Fig. 5. Organizational knowledge elaborated by uniting the concept with the doubts and
answers that it has generated

Orientations (Origin A2). These are prepared synchronously in the last laboratory
sessions. A compendium of the concepts that have had to be explained more often in
tutorials is made. It consists of collecting information from the tutorials carried out by
the students. Two types of knowledge have been generated: those related to the
technical part and those that affect the decision-making part (strategy).

Errors (Origin BI). A characteristic example is based on the mistakes that students
make during the development of a class exercise. The faculty identifies these, groups
these and explains both the error and the way of not committing it. Figure 6 shows a
characteristic error to which a code has been assigned, in this case ER # 2. It describes
the error, the cause and the way to solve (Fig. 6a) and is accompanied by a visual
image that lets us know that the error has been corrected (Fig. 6b).



Fig. 6. Organizational knowledge elaborated from the usual mistakes

Lesson Learned. Knowledge Generated by RT-CICLO (Origin Bl and B2). This

resource is generated by joining the result of all the RT-CICLO application phases. It
combines:

e The proposed exercise or challenge.

e A selection of correct and incorrect results, together with that feedback.

e Comments added by the teachers and students about their experience during the
realization (if it was easy or complicated, tips, etc.).

4.2 Scenario 2. Perception of the Students About the Different Elements
of Organizational Learning

This test was carried out through a survey of students of the second semester in the
2018-19 course of “Computer Science and Programming” subject. These students
study the degree of Energy Engineering and have used the organizational learning
generated in the previous semester, with students of the degree in Mine Engineering.
The test was completed once the first lab session ended, where they had the opportunity
to use organizational learning.

A survey with five questions was carried out. They were asked about the perception
of the usefulness (scale Likert 1 - low to 5 - high), for their personal learning, of the
following types of organizational knowledge:

e QI - Collaborative doubts.
e Q2 - Technical guidance.
e (3 - Strategic orientation.



e Q4 - Common mistakes.
e QS5 - Lesson learned.

Of a total of 33 people enrolled in the laboratory, the survey was filled out by 27
people (82% of those enrolled). The program R, library R-Commander has been used
for the calculations.

The results of the survey are shown in Table 2, with the identifier of the question
(Qi), the mean and the standard deviation SD of the answers.

Table 2. Results of the satisfaction survey

Question | Mean | SD

Ql 4.84 10.36
Q2 448 10.75
Q3 4.15 10.86
Q4 4.63 |0.69
Q5 4.63 049

5 Conclusions

The knowledge generated by the students during the learning process in combination
with the contributions of the teachers, produces organizational knowledge and for
learning purposes, we can affirm that the subject has increased their knowledge, that is,
in this case, the subject “has learned”.

Organizational knowledge can be obtained through a series of actions by students.
The actions identified in this work are:

The doubts and answers regarding a specific topic.
The mistakes made when performing exercises.
Face-To-Face tutoring.

The activities are implicit in the RT-CICLO process.

Organizational knowledge can be generated from each action. Depending on each
action knowledge has been determined by the following types:

e Cooperative doubts. From the actions of the doubts and answers. Organizational
knowledge consists in uniting the concept with which one works and the doubts and
answers that have originated in its explanation or application.

e Common mistakes. Compilation of the mistakes that students make when per-
forming exercises.

e Technical guidance and decision making. Elaborated from the conceptual, technical
and decision-making deficiencies that the students show in face-to-face tutoring.

e Learned lessons. Combination of knowledge generated by each phase of the RT-
CICLO model.

All the types of elements described constitute organizational knowledge, and its
improvement is associated with increased learning.



Organizational knowledge can also be used to promote individual student learning.
The perception survey indicates that for all types of organizational knowledge students
have a very high perception of their usefulness. All means exceed 4 points out of 5,
with standard deviations less than 1.

It is shown that the combination of RT-CICLO models, as an active method, and
ACCI 3.0, to transform individual and organizational knowledge, can be applied to
produce that knowledge and organizational learning in a subject.

In this work, organizational knowledge has been generated for the first time in a
subject. In future work that knowledge acquired in the subject will be applied with
students of a new subject, measuring the impact on the learning of the subject itself
(measuring the increase in knowledge) and the effect on the students’ own learning
(measuring the actions carried out to generate new knowledge, the development of
learning and the academic performance of it).
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