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Abstract: This article presents a set of principles for knowledge modeling in knowledge organization systems in
specific domains. It discusses the representational problem, comparing the abstraction mechanisms present in the
theories related to representation in concept systems, taken from foundational authors of information science, com-
puter science, and terminology approaches. Parallel to this context, several representational possibilities arise to assist
the modeler in the activity of elaborating models of representation. It describes the application of theoretical and
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methodological principles when organizing, representing, and managing navigation on learning paths in the corporate education field. As a

concept proof, it exposes a conceptual model of learning paths and discusses a literature review on this subject to verify to what extent these

principles are being applied. It concludes that we can consider the principles discussed in this study as relevant, since they expand the modelers’

freedom, not making him hostage to a specific model.

Received: 16 April 2020; Revised: 6 August 2020, 2 September 2020, 9 October 2020, 13 October, 2020; Accepted: 19 October 2020

Keywords: knowledge representation, knowledge organization, learning paths, principles

+ The authors with to thank the National Development Council Scientific and Technological (CNPq / Brazil) for the granting of the Research

Productivity-PQ.

1.0 Introduction

This study proposes a set of principles for the elaboration of
domains’ conceptual models, based on the theories of infor-
mation science, computer science, and terminology. Such
principles allow the representation of knowledge in differ-
ent domains to find a common core of essential principles
to model knowledge. In this approach, domain, according
to Hjerland (2002; 2004), makes up a discipline, a commu-
nity, an application field, or even an action within a com-
munity.

The conceptual domain models are present in several
knowledge organization systems (KOS) and builds a sys-
tematic structure. In this sense, this investigation discusses
the representational problem, comparing the abstraction
mechanisms presentin theories related to the representation
of concepts’ systems, from authors linked to the areas of in-
formation science, computer science, and terminology.

In information science, Ranganatha’s faceted classifica-
tion theory (1951; 1967) and the concept theory formulated
by Dahlberg (1978a; 1978b) stand out; both allow the rep-
resentation of knowledge domains. In computer science,
authors investigate the representational models associated
with the modeling of fundamental ontologies (Guarino
1998a and 1998b; Smith 2004). Based on Terminology, es-
tablished principles are used to determine concepts and
their relations presented by Wuester (1981). With the foun-
dations proposed by these authors, in the three areas of
knowledge, this study lists principles that aim to assist the
modeler in his activity of elaborating models of representa-
tion.

In recent years there were quite a few systematic studies
of the theories underlying the areas related to the construc-
tion of conceptual models. These models allow the develop-
ment of documentary languages, computer systems, hyper-
texts, and systems aimed at building knowledge bases also
called specialized systems and ontologies (Campos 2001;
Lima 2004; Lopes 2018). Thus, it should add several repre-
sentational possibilities to think about a given reality, from
a theoretical-methodological stance that allows the modeler

to overcome specific models of representation and reflect
on the principles underlying the modeling process.

In this study, we understand modeling from the basis de-
veloped by Le Moigne (1977) with the theory of the general
system also called modeling theory. Le Moigne affirms that
to know is to model; the knowledge process is equivalent to
the construction of the world/domain models that will be
built, making it possible to describe and provide explana-
tions about the observed phenomena. The author, when
proposing the development of a methodological stance, asks
the researcher not to think about the diversity of models but
mainly about the principles that make modeling possible.

Thus, the information professional must also be aware of
the principles adopted when determining the modus op-
erandi for the elaboration of a KOS. This is because, accord-
ing to Le Moigne (1977), in any modeling theory used in the
elaboration of representation models, the model, product
of this representation, cannot be a definitive and immutable
truth but must result from a given process, of a particular
construction, or of a worldview linked to space and time.
Therefore, knowledge is the action of its building, a process
in which the principles adopted for this construction must
be clear.

Therefore, aiming at the validation of the established
principles, namely the reasoning method used to analyze the
domain, the representation object, the relationships be-
tween objects for the representation of conceptual struc-
tures, and the forms of graphic representation, these princi-
ples were applied in corporate education. In this domain,
the focus was on the organization and representation of
learning paths based on two procedures: 1) the first investi-
gated, in this subject literature, to what extent such princi-
ples were usable; and, 2) the second was the development of
a conceptual model of a learning path for corporate educa-
tion as a concept proof.

We can understand learning paths as a systematic and
multimodal set of learning units, containing different navi-
gation schemes. These schemes can vary from linear and
prescriptive models, passing through more hierarchical
models and reaching network models in which navigation is
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freer (Lopes and Lima 2019). In corporate education, these
paths tend to contribute to better use of the resources in-
vested in lifelong learning, besides making it possible to
overcome the teaching approach called “one size fits all”
(Adesina and Molloy 2011; Freitas and Brando 2006; Lub-
chak et al. 2012; Suazo et al. 2012; Yang 2012).

This article consists of four sections, including this intro-
ductory part. In Section 2, with the title “Knowledge repre-
sentation and principles for domain modeling,” the princi-
ples regarding domain modeling is discussed based on foun-
dational authors taken from the concept of knowledge rep-
resentation. In Section 3, entitled “The representation of
learning paths in the context of corporate education,” we
present the definition of learning paths and to what extent
the literature on procedures for the development of learning
paths uses the principles of modeling explored. In addition,
as a concept proof, the third section applies these principles
in the development of a conceptual model. Finally, in Sec-
tion 4, we present our conclusions based on the results
achieved throughout the study.

2.0 Knowledge representation and principles for
domain modeling

Several scientific fields define the term knowledge represen-
tation differently. A well-known and updated definition by
Sowa (2000), conceived under a theoretical approach (phil-
osophical and logical), considers knowledge representation
as the application of logic and ontology in the tasks of build-
ing computer models for some domains. Artificial intelli-
gence research discusses knowledge modeling or knowledge
engineering methods (Studer et al. 1998). We obtain an-
other point of view through linguistic studies and their elu-
cidation in knowledge representation (Lébner 2002). In
cognitive science, knowledge representation is based on the
individual’s world model, the context and the way one sees
the world individually, comprising the sum of different
knowledge structures (Gardner 1996; Mey 1982). From the
perspective of information science, the authors Cleveland
and Cleveland (2001), Lancaster (2003), and Stock and
Stock (2013) treat knowledge representation as an approach
to solving problems, such as structuring, storing infor-
mation, and how to find and recover them accurately and
effectively. It is important to note that among these defini-
tions presented in several domains of science, Sowa’s (2000)
view is restricted to the analysis proposed in this article.
Knowledge representation is a recurring theme in several
sciences, looking into how the processing of knowledge oc-
curs in the human mind and how to materialize this
knowledge. The symbolic form of this representation is
something that concerns the scientific scope of documenta-
tion since its origin. Such representation associates with
ways of expressing information, as highlighted by Vickery

(1978). The problem is relevant and extends to many other
situations besides documents and indexes. It is necessary to
decide how to represent knowledge so that these represen-
tations can be manipulated (Vickery 1986, 145) in the struc-
ture of software data, the syntactic and semantic structures
of natural language, the representation of knowledge in ar-
tificial intelligence, and the models of human memory.

In this sense, San Segundo (2004, 109) highlights that if
knowledge is an integration process, knowledge representa-
tion will be “concepts, theories, models, formats, descrip-
tions and structures that have a meaning of the information
symbolization and, more recently, electronic information.”
Knowledge organization is a necessary process, which be-
comes more urgent as the volume of information increases.
The major aim of this process is to organize the knowledge
of a domain and make it available for later retrieval. The or-
ganization and retrieval of information face the same chal-
lenge to meet the needs of potential users.

In Lima’s view (2020), to organize knowledge in any
area, from representation to recovery, we first need to study
the concepts that make up this knowledge field and the re-
lationships between them. According to Lima (2020), we
can modify the concept based on prior knowledge on the
topic after a mental elaboration, transforming from the in-
formation unit to a conceptual unit for communication
purposes. Thus, knowledge representation is a process that
uses terminological instruments as products. So, it is neces-
sary to establish guiding principles in the construction of
these systems as described in the following section.

2.1 Principles for modeling knowledge domains in
knowledge organization systems

Conceptual modeling consists of the creation of models of
representation/description from a worldview (conceptual-
ization) that exists over a domain of knowledge. This prac-
tice focuses on “identifying, analyzing, and describing the
essential concepts and restrictions of a domain” (Guizzardi
et al. 2002, 65). For Campos (2004), the modeling process
thus requires the displacement of the “phenomenal world”
to a space where knowledge representation mechanisms al-
low formalization processes of objects and their relation-
ships in pre-defined representation contexts.

In order to provide the modeler or classificationist with
arange of representational tools for modeling domains and,
based on a systematic investigation of methods and theories,
we arrived at the determination of five fundamental princi-
ples for the act of modeling domains of knowledge, which
are present in studies developed within the scope of repre-
senting learning paths in the corporate education context.
The first principle concerns the “domain of knowledge to
be modeled.” The second concerns the “reasoning method”
used for the knowledge organization within a domain. The
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third one analyzes the definition of “the object of represen-
tation,” identifying the knowledge unit to be represented.
The fourth concerns the “relationships between objects,”
aiming to verify the possibilities of semantic connec-
tion/separation between the concepts of a given domain.
And the fifth shows the “forms of graphic representation”
that a model can adopt. In this section, we will present each
of these principles, establishing a dialogue between the
tields of information science, computer science, and termi-

nology.
2.1.1 Knowledge domain to be modeled

The first principle to consider when developing more ap-
propriate methodologies for conceptual models should be
the determination of the knowledge domain. Therefore, it
is important to check if the subject covers disciplines that
have a paradigmatic or syntagmatic cut in the meeting of
knowledge units. It is necessary to verify if there is evidence
of the matter in an already established canonical area or if it
is part of an area that gathers knowledge from different ca-
nonical areas.

When you insert the domain of the treated subject in a
paradigmatic cut, it presents the units of knowledge, in
most cases, hierarchically. If it is the syntagmatic type do-
main (having over one subject area of a canonical cut), its
units of knowledge will form several hierarchical trees that
will come together from generic planning. Itis important to
emphasize that the development of a conceptual model is
complex, which requires knowledge about the subject and
about the community that will benefit from the modeling.
Thus, it is important that methodology developers for con-
ceptual models establish a stage that can provide discussions
about the type of subject thematic section treated in the
conceptual model that is being created and the target audi-
ence of the intended mapped domain.

2.1.2 Reasoning method

The second principle concerns the adoption of a reasoning
method used for the knowledge organization within a do-
main. Every knowledge organization, according to Morin
(2000, 24), follows principles and rules in which organiza-
tion can include connection operations (conjunction, in-
clusion, and implication) and separation (differentiation,
opposition, selection, and exclusion). The process is circular
and cyclical, carried out in stages, moving from separation
to connection, from analysis to synthesis, and from synthe-
sis to analysis. Therefore, knowledge involves simultane-
ously, separation and connection, analysis and synthesis.
Although there is an understanding that the organiza-
tion of knowledge must occur from a systemic perspective,
it is possible to identify the development of distinct organi-

zational models. Traditionally, in computer science, models
were developed using two different methods: 1) the induc-
tive method, also called bottom-up; and, 2) the deductive
method, also called top-down.

The inductive method allows the elaboration of models
that begin from the attributes' context. Therefore, it starts
by representing the elements/objects and the relationships
of a context, as to obtain an organized structure of concepts,
which is grouped according to the classes they belong to, ac-
cording to their attributes. The deductive method, on the
other hand, proposes the elaboration of abstraction mecha-
nisms in order to first think about the domain/context re-
gardless of the consideration of elements and their relations
(this would be a later step). In this sense, a process of
knowledge logical division follows, starting from general
categories, containing generic concepts to more specific
concepts. In effect, it generates a set of hierarchical classes in
which each subclass of elements is a set of the immediately
preceding class. We can associate these methods with theo-
ries defended in different knowledge areas.

2.1.3 Representation object

The third principle focuses on the represented object. In the
context of the analyzed theories (general terminology the-
ory, formal ontology theory, faceted classification theory,
and concept theory), the object is defined as the smallest
unit of manipulation/representation in each context. In
each of these theories and in the methodologies used, it is
possible to identify what can be considered an object of rep-
resentation and the importance of that object as the smallest
representation unit in addition to the implications that re-
sult from this definition.

Regarding terminology theory, Wuester defines this ob-
ject of representation as a concept, which is a mental unit.
However, in concept theory, the definition of concept is a
knowledge unit. Dahlberg in her theory disagrees that the
concept can be a mental unit, because such understanding
can vary from person to person; according to the mind of
each person, it is necessary to have an agreement between
people to allow communication. Hence, it defines concept
as a unit of knowledge, where an ontological commitment
is established between the members of a given community.

Through the analysis of the faceted classification theory
and the concept theory, it is clear that these theories support
one of the first methodological efforts, in information sci-
ence, to highlight the representation unit issue. Ranga-
nathan, in his Prolegomena, introduces the concept of “iso-
lated” as the classification system’s minimum and manipu-
lative unit. Dahlberg (2014) presents the “concept” as a
minimum unit and defines it as a triad, composed of the el-
ements referent, characteristics, and name. In this triad, the
object is the referent, classified as an individual or general



596

Knowl. Org. 47(2020)No.7

G. A.de Lima, M. L. de Almeida Campos and P. Lopes Ferreira Franca. Principles for the Development of Domain Conceptual Models...

object that, when circumscribed to a context, requires the
appropriation of characteristics, being designated a linguis-
tic sign—a name.

In the context of formal ontology, in computer science,
Guarino (1998a, 1998b) proposes that objects or “particu-
lars” be classified as concrete and abstract. Comparatively,
in concept theory, these are considered general objects, as
they representa class of objects, not a particular entity in the
world. Concrete objects, within the scope of formal ontol-
ogy, are classified as continuous and occurring. These dis-
cussions aim to highlight the multiplicity of interpretations
and end up allowing flexibility for observation and work in
different domains. In addition, they make the modeler feel
the need to build the assumptions where to start from or
even try to understand where he starts from in order to de-
velop a representation model.

2.1.4 Relations between objects

The fourth principle has the purpose of verifying the possi-
bilities of semantic connection/separation between the con-
cepts of adomain. The relationships between objects within
a context form the conceptual structure of that context and
are of different natures. The analysis is presented in the
movements of the act of modeling. These movements re-
flect groups of relationships between concepts, as described,
in an exemplary manner, below.

The first movement is the verification, in the presented
theories and methods, of the existence of categorical rela-
tions. This type of relationship brings together, in a first
major grouping, objects by their nature, that s, entities, pro-
cesses, among others. This relationship often makes it pos-
sible to reduce logical errors in establishing links between
concepts, as it determines the nature of the object.

Having verified the reunion or not of objects by nature,
the second movement, not in order of precedence, but of
necessity, is to verify how objects of the same nature are re-
lated. In this form of relationship, there is a determined hi-
erarchical relation. Consequently, theories and methods
present relations that determine “what is the object,” the
understanding of the concept. Accordingly, the theory of
the concept and the theory of classification call this relation-
ship hierarchical; the general theory of terminology calls it a
logical relation, and formal ontology defines this relation as
“one (ISA),” considered a property in a minimal ontology
of universals for the structuring of a domain.

Another movement that implies the relationships be-
tween the concepts is the analysis of how “the object is con-
stituted,” that is, its parts and elements. In this form of rela-
tionship, partitive relations are determined. Like the other
relationships, this one is named differently in the theories
and methods analyzed: 1) the concept theory is called parti-
tive relationship; 2) the classification theory places hierar-

chical and partitive relations in the same group, calling them
hierarchical relations; 3) in terminology theory, it is called
the ontological relationship of partitive coordination; and,
4) in formal ontology, partitive relations are named all-part
theory, also called “mereotopology.” Formal ontology pre-
sents more explicit criteria for determining the type of par-
tition. These criteria help the modeler to distinguish the na-
ture of what will be considered as part and as a whole and
function as “informational meta-categories” to reflect on
the relations of a domain.

The next movement is to see how objects of different na-
tures relate to each other and to represent that relationship
more consistently. That is, in this process, some prescriptive
criteria are determined that allow for more judicious con-
nections. The relationship between concepts of different
natures can be observed in the concept theory as a syntag-
matic functional relationship. These relationships, unlike
paradigmatic ones (logical and partitive), can be recognized
as relationships that make evident a specific demand or
function between objects in the phenomenal world and do
not aim to explain the object and its properties.

Finally, another movement to address no longer has to
do with comparing or the relation between concepts but be-
tween how to express these concepts. In other words, this
movement happens in the language sphere, the so-called
equivalence relation. Once again, a space for analyzing these
relationships builds on the different theories and methods
that encompass the thematic scope of domain modeling.

2.1.5 Forms of representation

This principle contemplates the forms of graphic represen-
tation that a model can adopt. A conceptual model must
also be a communicational space where the phenomenal
world transposes into a space of representation. Therefore,
it is important to investigate graphic forms of representa-
tion, because sometimes these forms impair representa-
tional possibilities. In the theories and methodologies ana-
lyzed, it appears that the area of information science, despite
having well-grounded theories about the concept and con-
ceptual relationships, is scarce in terms of models that assist
in the development of graphic representations. In the termi-
nology context construction practices, where there is a con-
figuration of general theory of terminology and ontology,
graphic representations are consistently present, although
there are some fundamental differences.

Even if graphic representations are not addressed, it is of-
ten, in some areas of knowledge or professional fields, im-
portant to mention that they lack, much more than any
other point analyzed, a space for investigation. It associates
the relevance of studying them with their contribution by
making the twinned work processes in the representation of
knowledge more transparent. In corporate education, for
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Foundational theories of Information Science

Representation

graphic representation

graphic representation

Principles Classification Concept Theory Formal Ontology Terminology Theory
Theory
hetic Analytical hetic Analytical
1. Reasoning Method IS\/)[,?t;cfctilc nalytica i/};:tthzzc nalytca Inductive Method Inductive Method
2. Object/ U‘nlt of Isolated Concept (unit of Contmuous} ob)ecF Concept (unity of thought)
Representation knowledge) sand occurring objects
3. Relations between
objects
1 ical F 1 ical
}ieliiacfiz;ca Category Rc;r]z;loncs;ti;gorlca Universal Theory Does not exist
Hierarchical Logical Relationship
3.2 Hierarchical/Logical | Hierarchical Relationship ISA (is a) (Comparison
Relationship Relationship (Abstraction and o RelationshipandCombination
Lateral Relationship) Relationship)
3.3 Partitive Hierarchical . . . Ontic Relationship of
Relationship Relationship Partitive Relationship AllPart Theory Partitive Coordination
3.4 Relationship Syntagmatic Ontic Linking, Ontic
between objects of Does not exist Functional Dependency Theory Causality Relationship,
different natures Relationship Genealogical Relationship
3.5 Ecllulval.ence Verbal Plan Equn{alenc-e Doe.s not formally Equivalence Relationship
Relationship Relationship specify
4. Forms of Graphic Has no principles for Has no principles for Has principles for Has principles for graphic

graphic representation

representation

Table 1. Summary Table of principles for domain modeling.

example, these representations may contribute to improve-
ments in the management of learning paths.

Next, we will discuss the representation of learning paths
in a corporate education context, where we consider the the-
ories discussed in this section. In this sense, as a conclusion
of the principles exposed here, we present the summary ta-
ble of the principles for domain modeling (Table 1). In the
summary table, we will highlight the theories that we dis-
cussed for the reasoning method, for the identification of
the unit of representation, and for the relationships be-
tween objects.

3.0 Representation of learning paths in the context
of corporate education

According to Lopes (2018), learning paths can be under-
stood as a systematic and multimodal set of learning units,
containing different navigation schemes. These schemes
can range from linear and prescriptive models to more hier-
archical models and to network models, where navigation is
freer and with the purpose of developing skills. The navigat-
ion schemes in learning paths can be customized, based on

variables such as objectives, student profile, and learning
characteristics.

In the education field, a learning path is fundamental to
the teaching-learning process, since it integrates a set of activ-
ities in an appropriate sequence, allowing the student to learn
the contents more effectively. A learning path, according to
Yang (2012), comprises different activities aimed at learning,
and these activities can relate to different teaching ap-
proaches, seeking whenever is possible a learning path that is
closer to the performance and preferences of the student.

From the librarianship and information science’s view, we
can analyze the learning paths and hypertext systems similarly,
as highlighted in the study by Lopes (2018). To a certain ex-
tent, in Campos’ (2001) view, hypertexts can be compared to
a system of concepts, as they are conceptual nodes linked to
other nodes through a level of relationship. Campos (2001)
points out that, coupled with “being hypertextual,” there is a
classificatory action since the connections between the nodes
implement from a network of associations.

The existence of a route in a learning path, whether pre-
viously shown or created by the learner himself, is close to
the hypertextual relationships that can manifest within the
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same text, the so-called microtexts, or between different
texts, called macrotexts. These two classifications are terms
proposed by Rada (1991) in hypertexts studies.

In corporate education, the educational solutions organ-
ization learning paths is a reality in many institutions since
this type of strategy can contribute to the processes of plan-
ning, execution, and evaluation of training actions as ex-
plored in the researches advocated by Brandio (2012), Car-
bone (2013), Freitas and Brandio (2006), and Murashima
(2011). The results revealed, in general, that learning paths
can be organized by areas, positions, competences, and work
processes, among other categories.

In this section, based on the five fundamental principles
for the act of modeling knowledge domains, discussed in
Section 2, it is sought, based on studies from the fields of
information science, computer science, and terminology, to
verify in literature the extent to which these principles are
applied. Furthermore, as a concept proof, a conceptual
model of learning paths is elaborated, applying the deter-
mined principles.

3.1 Application of the principles of domain modeling
in the analysis of learning paths construction
methodologies

In this section, we seek to present the methodological pro-
cedures adopted in the comparative analysis carried out be-
tween the domain modeling principles mentioned in Sec-
tion 2 and the strategies for building learning paths pre-
sented in the scientific literature in the area of corporate ed-
ucation. The research strategy adopted was exploratory and
qualitative. To achieve the proposed objective, three stages
of data collection and analysis were established, considering
the content analysis method proposed by Bardin (2011),
namely: 1) pre-analysis; 2) exploration of the material; and,
3) treatment, inference, and interpretation of results.

First, in the pre-analysis stage, we carried out an explora-
tory reading of the literature review publications (Lopes
and Lima 2019). Subsequently, we selected forty-three pub-
lications as a corpus of analysis considering as a criterion the
studies whose authors explained the stages of the conceptual
modeling process. We assume that in the publications on or-
ganization and representation of learning paths, the authors
possibly did not maintain adherence to the principles of the
conceptual models of hyperdocuments proposed in Section
2 of this article. In the stage referring to the exploration of
the material, the KOS knowledge domain modeling princi-
ples addressed in this study are categories of analysis.

Although Bardin (2011) shows an inductive logic for es-
tablishing the categories of analysis, starting from the cod-
ing from the exploratory reading, the deductive logic was
chosen, since the principles presented in Section 2 were rep-
resentative and convergent to the objective established for

this stage of the research. Thus, for the organization and
coding of the data, we structured a matrix, contemplating
the referred principles, and the publications selected analy-
sis corpus. For each publication, there was a new reading,
and each principle’s presence or absence inserted in the ma-
trix. For each principle, there were subcategories of analysis
related to each of the principles associated with the model-
ing of knowledge being raised.

Finally, in the stage of treatment, there was an inference
and interpretation of results, a comparative analysis of pub-
lications and each principle was identified. It should be
noted that, although they have different characteristics,
each step was performed in an integrated manner in view of
enabling the complementation of the results from the liter-
ature, which are presented below.

Through the analysis of the “domain of knowledge to be
modeled” principle, we consider three subcategories of analy-
sis, namely: 1) if there was a paradigmatic cut; 2) if there was
a syntagmatic cut; or, 3) if it was not possible to identify the
type of thematic cut adopted. In 39.5% of the publications,
the authors explain a paradigmatic outline, focusing mainly
on disciplines of academic curricula. To alesser extent, in only
13.95% of publications analyzed, the authors predicted syn-
tagmatic cuts. As explained by Campos (2001), when a para-
digmatic cut is identified, the knowledge units are rigorously
hierarchized. On the other hand, from the syntagmatic cut,
the knowledge units form different hierarchical trees,
brought together globally. In this sense, we observed that the
syntagmatic cut meets the interdisciplinary and polychoto-
mous nature of the themes identified in an organizational
context, pointing to the formation of complex networks of
knowledge units. Finally, it was evident that most publica-
tions in the analysis corpus (46.5%) did not foresee or did not
explain how the thematic cut of the content was done. There
is an assumption that this result may have been influenced by
the different focuses of publications, which do not necessarily
explain the adopted methodology.

Through the analysis of the “reasoning method” princi-
ple, we envisaged the following subcategories of analysis: 1)
application of the deductive method; 2) use of the inductive
method; 3) use of the analytical-synthetic method; and, 4) no
possibility of identifying the reasoning method. In 41.86% of
the publications in the analysis corpus, the authors explained
the application of only the deductive reasoning method. Pub-
lications that address the inductive method start from lists of
disciplines, themes, learning objectives, courses, and skills to
be developed. Specialists determine these lists previously, and
generally, they are linear or hierarchical. There is also a need
to highlight the prevalence of prior validation of conceptual
schemes by specialists in the thematic domain, characteristic
of deductive approaches. Regarding publications that ex-
plained only the inductive method, in 37.2% of the publica-
tions in the analysis corpus, the authors are directed to this
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focus. Regarding the analytical-synthetic reasoning method,
only 13.95% of publications can be classified as such. Finally,
in only 6.97% of publications, it was not possible to identify
the reasoning method adopted.

In the analysis of the “definition of the representation
object” principle’s view, publications that mentioned the re-
quirements of: 1) granularity; 2) descriptive representation,;
3) unit of knowledge be self-contained; and, 4) publications
that did not mention this principle. In the scope of this
study, the concept of granularity is the smallest unit of in-
formation. The subcategory “descriptive representation” re-
fers to so-called linguistic labels or linguistic signs used to
represent units of knowledge. Regarding the quality of a
self-contained knowledge unit, it relates to the importance
of defining the scope of content treated in the so-called con-
ceptual node, seeking to contemplate what the concept is
and its constituent elements. In the English language, there
is a specific term to refer to this quality, which would be the
term self-contained. The data revealed that 27.90% of pub-
lications mention granularity, while 39.53% address descrip-
tive representation. While in only 13.95% of publications,
the authors refer to questions of granularity and descriptive
representation together. Only one identified publication re-
ferred to the importance of the knowledge unit being self-
contained. Finally, 39.53% did not explicitly indicate this
principle. Based on the analysis of publications that did not
mention the nature of the knowledge units’ content, it was
possible to verify that, generally, the proposals for modeling
learning paths are restricted to the representation of catego-
ries and subcategories with a more global and not so specific
focus that could contemplate the nature of the content. Re-
garding the granularity item, we observed that there is no
standard as to the determination of which is the smallest
node on the learning paths. Regarding the descriptive rep-
resentation, there was also a lack of clarity regarding the
standards adoptable for the different documentary typolo-
gies. Finally, in relation to the item “to be self-contained,” in
only one publication was explicit reference made that the
knowledge unit is self-contained, which could favor reuse
and interoperability.

In view of the analysis of the “relationships between ob-
jects” principle, the types of relationships provided as subcat-
egories of analysis, namely: categorical, hierarchical, partitive,
between categories, and equivalence. It was also considered as
a subcategory of “publications whose principle was not ad-
dressed by the authors.” A hierarchical relationship was iden-
tified in 51.16% of the publications, while in 83.72% there is
a relationship between different categories, considering that
in 46.51% of the publications the authors mention two or
more types of relationships. The categorical and the equiva-
lence relation had only one mention each. The partitive rela-
tionship was never mentioned. In only three of the publica-
tions, the authors did not explicitly describe the establish-

ment of relationships between knowledge units. Among the
publications whose authors explain relationships, these can
be established a priori, by a specialist in the field, and by the
student himself, according to learning objectives and prefer-
ences. Relationships can also establish automatically, consid-
ering several variables such as prior knowledge, learning style,
performance, student profile, and learning objectives, among
others. We emphasize the identification of “ontological
chaining” relationship in which the learning path’s construc-
tion considers the predecessor and successor units of
knowledge. There is also an emphasis on the application of
data mining techniques for the automatic generation of
learning paths.

From the analysis of the principle “forms of representa-
tion,” it was possible to identify the following analysis sub-
categories: concept map, flowcharts, business process man-
agement notation (BPMN), mind map, website or system,
and publications that did not address this principle. The
representations in the flowchart formats were identified in
two publications; there was only one mention of the BPMN
notation and mind map, each. In 11.62% of the publica-
tions, the authors covered both websites and systems and
concept maps, each. We also identified thatin 69.76% of the
publications, the authors do not clearly mention the graph-
ical representation of the nodes and relationships from the
point of view of the information visualization by the user.
However, in 46.51% of the publications, the authors explic-
itly address some form of representation of the conceptual
model adopted for the learning paths. Of these representa-
tions, the ontologies, taxonomies, and architectures of the
systems were used to implement the learning paths.

Through comparative analysis, the results revealed, in re-
lation to the “domain of knowledge to be modeled” princi-
ple, that there is adherence to this principle in the methodol-
ogies for building the learning paths identified in the con-
sulted literature. However, there was partial adherence,
since almost half of the publications (46.5%) do not men-
tion this principle. It is estimated that the focus on the par-
adigmatic outline does not portray the polytomous nature
of the learning paths, which can be composed of knowledge
units from different domains, not being restricted to a ca-
nonical area.

Regarding the “reasoning method” principle, consider-
ing the recommendation to adopt the synthetic-analytical
method in order to privilege a systemic perspective for the
organization of knowledge units, it was observed that there
is low adherence to this principle in the identified methodol-
ogies. This finding is justified, since in only 13.95% of the
publications the authors made explicit the adoption of an
analytical-synthetic approach.

Regarding the “definition of the object of representa-
tion” principle, 60.47% of publications were identified.
However, the data revealed that the lack of a standard for



600

Knowl. Org. 47(2020)No.7

G. A.de Lima, M. L. de Almeida Campos and P. Lopes Ferreira Franca. Principles for the Development of Domain Conceptual Models...

determining granularity and documentary typology may
compromise the possibility of reusing the units of know-
ledge provided for in a learning path.

In relation to the principle “relations between objects,”
adherence was identified, considering that 93.03% of publi-
cations mention some sort of relationship between
knowledge units. This result was verified, even considering
that it was not possible to identify among the publications
any whose authors addressed a clear orientation regarding
the description and possibility of applying each type of rela-
tionship. Consequently, it is a research opportunity to pro-
vide guidance on these relationships’ types and to apply
them in a learning paths context. Regarding the principle
“forms of representation,” there was adherence, since
79.05% of publications explicitly address some graphic rep-
resentation of the conceptual model or some form of learn-
ing paths visualization, however, only from the users’ point
of view.

In general, the principles for modeling knowledge do-
mains presented in Section 2 are applicable to the context of
creating methodologies for the organization and representa-
tion of learning paths. In this specific context, the inclusion
of a principle focused on data storage and management sys-
tems is an expandable opportunity, considering the current
society’s scenario, sustained by a large volume and diversity
of information. The application of these principles, as a
concept proof, in the formulation of a conceptual model is
presented below. Such a model can be understood as the
manifestation of a graphic representation for a better visu-
alization of the knowledge representation processes.

3.2 Proposal of a conceptual model for organization
and representation of learning paths

The conceptual modeling stage is essential in the knowledge
representation process. However, in the context of creating
hyperdocuments, it is not a stage always contemplated. The
proposal for a conceptual model aims to assist the author-
ship of hyperdocuments in order to establish a communica-
tional space whose content author and other professionals
involved in the process of creating the hyperdocument can
interact and jointly represent the conceptual model (Cam-
pos 2001). In this sense, a model is proposed for the organ-
ization and representation of the learning paths, especially
for the area of corporate education. This model allows ex-
emplification of the modeling principles presented in this
study, and that is applicable in other contexts.

Regarding the “domain of knowledge to be modeled”
principle, there are two structure possibilities, both under a
paradigmatic cut and under a syntagmatic cut. In the first
possibility, the knowledge units are part of the same canon-
ical area. For example, in learning paths on librarianship and
information science, the tendency is for knowledge units to

group in this knowledge field or domain. In the second pos-
sibility, knowledge units have more than one subject area.
For example, a learning path composed of knowledge units
from a business process and units of knowledge from a ca-
nonical area.

About the “reasoning method,” in the organization of
knowledge units that will compose learning paths, it is pos-
sible to adopt deductive, inductive reasoning methods, or
even the analytical-synthetic method. When using the de-
ductive method, the general categories that will comprise
the units of knowledge must be pre-defined. These general
categories should be exhaustive, with the capacity to accom-
modate all units of knowledge that intend to be covered
within the learning paths coverage. In the inductive reason-
ing method, it starts from the analysis of knowledge units
and their respective attributes, looking to identify similari-
ties that may indicate categories of subjects that allow the
grouping of these knowledge units. Finally, but not least rel-
evant, in the analytical-synthetic method, constant move-
ments of analysis and synthesis are carried out, using the de-
ductive and inductive methods in an integrated manner.
The analytical-synthetic approach is the most appropriate
for the context of the learning paths organization.

Concerning the “definition of the object of representa-
tion,” in theory, this object in the context of learning paths
is the competence intended to develop. This competence
represents a concept. Therefore, the smallest unit of manip-
ulation/representation in the context of learning paths is the
concept. Based on the premise that learning is a process, the
representation object can be classified as an abstract object,
occurring, or a process within the formal ontology’s scope
or else an action in the concept and terminology theories
contexts.

Regarding “relationships between objects,” starting
from the movements proposed in Section 2, it was possible,
through the proposition of a conceptual model of organiza-
tion and representation of learning paths, to identify cate-
gorical relationships. These categories are like those pro-
posed by Ranganathan in the theory of faceted classifica-
tion or even those suggested by Dahlberg in the theory of
concept.

In order to identify the way in which knowledge units
relate to each other on learning paths, we found that the hi-
erarchical relationship is essential, and it is present at differ-
ent times in the organizing process of learning paths. In this
context, we seek to identify the nature of the knowledge
unit, providing for analyzes on how these educational solu-
tions are hierarchized, in which types of categories these so-
lutions are classified, among other possible analyzes. In a
subsequent movement, the aim is to identify which parts
may compose the same educational solution. A learning
path is formed by different educational solutions, composed
of learning objects, learning activities, and assessment activ-
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Figure 1. Conceptual model of organization and representation of learning paths. Adapted from Lopes (2018).

ities. A learning object can form from different units of
knowledge, represented by videos, texts, and podcasts, among
other forms of representation. In a complementary way, in
the fourth movement, we seek to verify how objects of difter-
ent natures relate and to represent this relationship in a more
consistent way. In this sense, we identify the possibility of re-
lationships between these objects, for example, in the relation-
ship between an educational agent (tutor, teacher, mentor,
etc.) and a given educational solution (course, video, seminar,
tutorial, etc.). In the fifth and last movement, to express the
different units of knowledge that may compose a learning
path, there is a use of linguistic signs that enable equivalence
relations between different units of knowledge.

Finally, the “forms of representation,” identifies that the
learning paths may be represented, graphically, by a simple
or hierarchical list of knowledge units, mind maps, concept
maps, specific notations, or graphs, among others. As in in-
formation science, graphic representations of learning paths
also demand greater space for investigation. With this, it be-
comes possible to identify forms of representation of the
knowledge units that mainly contain the diversity and the

volume of possible units of knowledge to compose learning
paths.

In Figure 1, the conceptual model is presented, as con-
cept proof, for organization and representation of learning
paths, structured based on the modeling principles of
knowledge domains described in Section 2.

The model presented in Figure 1 is organized into four
major categories: actors, components, properties, and pro-
cesses, showing, in this first level, the relationship of the cat-
egorial type. In each of these major categories, same nature
concepts are grouped. In the first category (actors), the
grouped concepts have a hierarchical coordination relation-
ship. In the second and third categories (components and
properties, respectively), the partitive relationship is identi-
fied, considering that the components and properties are
part of learning paths. In the fourth category (processes),
there is a relationship of the hierarchical type of coordina-
tion. In the conceptual model, we opted to hide part of the
predicted subcategories, considering the focus of this work,
which is on the knowledge domains’ modeling and also due
to the space limitation.
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4.0 Final considerations

This study addressed a set of principles for the development
of domains’ conceptual models and the verification of the
application of these principles in a set of methodologies for
building learning paths. We identified the methodologies in
a literature review process, and, as a proof of concept, we
proposed another conceptual model of learning paths based
on the identified principles. It was observed that the princi-
ples for modeling knowledge domains addressed are par-
tially applied in the methodologies for building learning
paths identified in the consulted literature. Starting from
the assumption that each proposed principle bases itself on
fundamental theories in the areas of information science,
computer science, and terminology and also considering
that such principles have yet to be fully applied in the mod-
eling processes of knowledge domains, as we presented in
this study, one of our findings is that there is an opportunity
for greater dissemination of these principles among profes-
sionals working in the modeling of knowledge domains.

Based on guiding principles, the professional who works
in the modeling of knowledge domains has the possibility
of overcoming pre-established models, being able to under-
stand the metaconceptions involved in the modeling pro-
cess, used as abstraction mechanisms. This observation is
aligned with the reflection proposed by Ranganathan, still
in the twentieth century, on the importance of having more
classificacionists, those who elaborate classifications, and
not just classifiers, those who use classifications.

Considering that the application of the principles of
knowledge domains modeling addressed enabled the system-
atization of a conceptual model, the application of these prin-
ciples in the field of corporate education, especially in the
construction of learning paths, was of fundamental im-
portance. Certainly, these principles contribute to the quality
of the results achieved in addition to the possibility of propos-
ing a new model for building learning paths. Therefore, it is
possible to assume that the principles discussed in this study
can be considered relevant as they enable the modeler’s free-
dom, not leaving him hostage to a specific model. Thus, the
application of the proposed principles in other fields of
knowledge is expected, aiming the creation of new proposals
for meta-representations that can contribute to the processes
of knowledge organization and representation.
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