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Abstract

History teaches us that need to systematize knowledge
of the outside world is the main driver in the creation
of classification systems of scientific knowledge. The
development and evolution of the prevailing systems
of information and knowledge management have
achieved a respectable representation of the complex-
ity of the organization of knowledge, even in the face
of the unfolding nature of the knowledge classified, its
systemic features and interdisciplinary essence. This
research aims principally to provide an analysis of the
classification of knowledge of scientific research results
and identify compositional patterns that may serve to
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enhance its management. The paper consists of a case
study of scientific researchers of the University of Pinar
del Rio, and employs the curricular approach entailed
in the Institutional Information and Knowledge Man-
agement System of the University of Pinar del Rio, as
well as other diagnostic techniques to identify patterns
in the structuring of the institution’s knowledge.

Keywords: Knowledge Organization; Informa-
tion Systems Curriculum; Taxonomies of Scientific
Knowledge.

Resumen

Patrones para la organizacién del conocimiento en los
Sistemas de Informacién Curricular. Un caso de estudio
Soleidy Rivero-Amador, Maidelyn Diaz-Pérez, Maria Jo-
sé Lopez-Huertas Pérezy Dayron Armas-Penas

La historia de la humanidad delata que la imperiosa
necesidad de sistematizar todos los conocimientos so-
bre el mundo exterior ha sido una de las causas fun-
damentales de la aparicién de las clasificaciones del
conocimiento cientifico. En la actualidad, el desarrollo
y evolucion de los sistemas de gestion de informacion
y conocimiento hanlogrado representar bastante bien
la complejidad de la organizacién del conocimiento, a
pesar de la naturaleza desarrolladora del propio cono-
cimiento que se clasifica, y sus caracteristicas sistémi-
cas y esencia interdisciplinar. El objetivo principal de
esta investigacion es el andlisis de la clasificacion del
conocimiento procedente de los resultados cientifi-
cos de los proyectos de investigacidn para identificar
patrones en su composicion que permitan su gestion.
Se toman como caso de estudio los profesores inves-
tigadores que desarrollan proyectos cientificos en la
Universidad de Pinar del Rio y se propone como ins-
trumentos el Sistema de Gestion de Informacién y Co-
nocimiento Institucional de la Universidad de Pinar
del Rio con enfoque curricular, asi como otras técnicas
de diagnéstico para la identificacion de patrones en la
estructuraciéon del conocimiento de la institucion.

Palabras clave: Organizacién del conocimiento;
Sistemas de informaciéon curricular; Taxonomias
del conocimiento cientifico.



A CASE STUDY OF KNOWLEDGE ORGANIZATION PATTERNS...

Introduction

he organization of knowledge is the science of systematically structuring

groups of knowledge units (concepts) in accord with inherent features
(Dahlberg, 2006). Postulates from decade of the 1990s hold that the organi-
zation of knowledge is inclined toward social and interpretive points of view.
Such is the case of analysis of discourse, gender studies and domain analysis.
Since then, several semiotic and critical-hermeneutic approaches have been
developed (Hjgrland, 2005). The main objective of this science is to apply
operations such as classification and ordination to create systems of physi-
cal and intellectual distribution that respect sequence, hierarchy, association
and other key features in order to guarantee the retrieval of information and
knowledge at the institutional level.

The development of the process of scientific research itself is a consequent
outgrowth of the complexity of knowledge organization. It is evident that
new scientific problemsand phenomenacannot be reduced to any single dis-
ciplinary vision. At the same time, we must face current reality from a new
scientificc-methodological standpoint or vision. Greater openness is needed
and the interaction can provide greater enrichment of the scientific per-
ception of reality (Morin, 1995). Whenever knowledge is classified and or-
ganized, its dynamic essence must be taken into account, especially in the
development and application of information systems in the organizational
environment.

Despite considerable efforts made by science and technology organisms,
problems persist in many institutions (Navarrete and Banqueri, 2008), in-
cluding:

» Coexistent instruments for capturing data that do not provide stan-
dardized systems of storage and retrieval.

* Inefficient integration of interoperability and communication capaci-
ties among data bases and insufficient homogenization of formats of
researchers’ curricula.

* Under exploitation of the information that is systematized by science
and technology information management organizations, with regard
to both strategic management and policy making and for the purpose
of promoting and increasing the visibility of results. This creates a bot-
tleneckonexchanges, collaborationand communicationamongscien-
tists and researchers at the regional, national and international levels.
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Many of these problems have been solved through implementation of Scientif-
ic Information Systems (SIS) calibrated to the characteristics of each organiza-
tion or region, even though certain problems with the focus and scope of such
systems persist. This problem is reflected in shortcomings in the management
of science and technology activities and their results, the impossibility of struc-
turing the scientific knowledge held by and institution and efficiently measur-
ing scientific impact as a social process (Armas, Diaz and Giraldes, 2008; Baez
etal., 2008).

While this paper approaches some of these issues, it is specifically focused
on an analysis of the structuring of knowledge held by an organization and
its representation using diverse tools for structuring what the organization
has come to know through research in the areas of knowledge it studies.
The main objective is to analyze the classification of knowledge proceeding
from the results of scientific research projects in order to identify composi-
tional patterns that serve the purposes of management. This paper consists
of a case study of researchers at the Universidad de Pinar del Rio and pro-
poses an Institutional Information and Knowledge Management System of
the Universidad de Pinar del Rio (Cv-UPR) with a curricular focus, as well
as other diagnostic techniques for identifying patterns in the structure of
knowledge in said institution.

Materials and methods

The Universidad de Pinar del Rio designed and implemented the CV-UPR
several years. It is registered and certified and has been validated in other
studies. In this system, the Curriculum Vitae (CV) of the researcher con-
stitutes the sole and main source of data entry and update. One of its main
features is that it was developed for research activity, since a hierarchal
structure was designed that includes all of the activity and its composition,
including diverse taxonomies for classifying scientific results (Armas, Diaz
and Giraldes, 2008). For documental analysis, the reports and methodologi-
cal documents issued by the Vice-Rector’s Office of Research, Information
Systems and Postgraduate Studies (VRIIP) were examined, as were the Sci-
ence and Technology Balances for the period under study.

To complement this study, empirical techniques were used that allow quan-
titative information to be secured from non-documental sources. A diagno-
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sis of the population under study was performed. This population consists
of UPR researchers responsible for coordinating research projects. Research
projects in course in the period from 2001 to 2013 were examined. The di-
agnosticwas applied to 33 researchers who coordinate projects in the period
under study. Sampling of this population was discarded in favor of apply-
ing the survey questionnaire to every subject researcher. For the purpose of
better interpretation and association of results, data analysis was performed
using the Statistical Package for Social Science (SPSS, version 11.5, 2004) and
Microsoft Excel (2010).

Results

In general terms, science is viewed as a knowledge production system, exist-
ing largely in the form of publications. Publication is understood as any “in-
formation recorded in permanent supports and available for common use”
(Spinak, 1998:142). This recorded information may be published in num-
bered, high impact journals, though it also exists in the daily processes of
science at the institutional levels and in everything the researcher does as the
driver of this process. The process of management of science and technology
entailsdefinitionandassessmentof policies needed to promote scienceatthe
national or regional level. To fulfill this purpose, the parties responsible for
these activities need to design methodologies that guide both the gathering
of information and the use of information systems that facilitate analysis and
provide approximations of scientific capacities and dynamics.

The design of these systems seeks to respond to the concrete operational
management needs at micro, meso and macro levels of the organizations or
institutions that promote research and technological development. In the
institutional field, SIS aspire to the following objectives (Armas, Diaz and
Giraldes, 2008):

* To structure operative and functional information needed by organi-
zations to operate efficiently and achieve results.

* To respond to the concrete needs of organizations that promote sci-
ence and technology research in sustainable development of innova-
tion and technological change.

* Todevelopandsupportscienceandtechnology macropoliciesneeded
by organizations and their processes.
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- To define and evaluate strategies followed in research, develop-
ment and innovation activities (R+D+l).

- To evaluate the scientific and technological production and activi-
ties of researchers and institutions.

- To provide proper management of the distribution of material and
human resources devoted to R+D+l.

- To promote national and international collaboration, exchange
and transfer of innovations in science and technology.

These purposes clearly reflect the internal and external interactions of the
SIS. The activities of the researcher and their interactions with other actors
in the field of science occur in an institutional setting. As such, the institu-
tional standpoint offers greater regional results in terms of implementation
of indicators for managing science and technology. The CVs of researchers
provide valuable information that make up part of the results of research.
The observation of the activity surrounding any given researcher allows:

evaluation of the CVs of scientists and surveys as a source of information. The first
as a subset of data for obtaining indicators of scientific activity and the second as a
source of information to establish [...] the social (organizational structure of the en-
vironment, available human capital, etc.) and economic (research funding) frame-
work in which scientists habitually work (Martin-Sempere and Rey-Rocha, 2009: 2)

The empirical literature examines works that use the CV as a source of in-
formation for studying the behavior of science at its diverse levels where it
is practiced. These studies are performed in order to assess the impact of re-
searchers’ affiliation to research centers on their productivity, collaboration
and funding (Gaughan, Branco and Bozeman, 2007). For the researcher, the
CV is a representation of their “knowledge value” (Jaramillo, Lopera and Al-
ban, 2008).

UPR recognizes the importance of each research professor’'s Cvand the pow-
er of curricular information systems in the management of science and tech-
nology activities at the institutional level. This is why the Institutional Infor-
mation and Knowledge Management System of the Universidad de Pinar del
Rio (CV-UPR) was developed. Among its main management, evaluation and
projection objectives is to account for the behavior of scientific activity in all
areas, including identification of research patterns and the structuring of all
the knowledge held by the university in accord with existing national and
international taxonomies.
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As the researcher publishes work, secures degrees and generally undergoes
professional development, the data and fields of knowledge reflected in the
CV are updated. The following is a list of occasions that researcher will often
update in the associated CV field:

* Securing postgraduate degrees: results associated with research per-
formed to obtain the postgraduate degree.

* Workas thesis advisor: results associated with serving as thesis advisor
in both undergraduate and postgraduate programs.

* Results of research associated with projects, or associated with re-
search work in the research project to which he or she is tied.

* Results of research not associated with projects that are relevant to the
researcher and the institution.

Through this structure, the results of the research process are deepened for
each researcher and the institution, whether generated or not within a re-
search project. At the same time, the diverse results (methodology, product,
etc.)generateabroad subset of output typologies, including articles, patents,
books, monographs, informatics and non-informatics product registries,
brands, standards, etc.

In the structure of the CV-UPR, each result output includes different areas of
knowledge. In this case, the research professor classifies each one of their re-
sults in accord with three taxonomies: The Taxonomy of the United Nations
Organization for Education, Science and Culture (UNESCO), the Taxonomy
of the Organization for Cooperation and Economic Development (OCED),
and classification taxonomy currently in use in Cuban. The UNESCO tax-
onomy is international in nature and the OCED taxonomy is widely used in
Spanish speaking countries of the greater Americas.

Figure 1 shows the structure of the fields used by CV-UPR for collecting data
derived from research: types of results, fields of knowledge and result out-
puts. This distribution allows for the measurement of knowledge gener-
ated by each type of research activity and structuring research results as a
function of the activity that produced them in accord with the nature of the
knowledge itself.
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Figure 1. CV fields that are updated with research results.
Source: Armas, Diaz and Giraldes, 2008

This distribution within the CV-UPR system has allowed one to know about
the disciplinary composition of research in the university. One can infer the
existence of a propensity to establish interdisciplinary relationships in di-
verse areas of UPR. To corroborate this, we propose performing a diagnosis
of the results arising from research project.

The results of the techniques employed exhibited a broad group of interdis-
ciplinary research whose results issue from distinct areas and disciplines of
knowledge. As such, in several instances they are difficult to classify using
these taxonomies. Interdisciplinary approaches also prevail in doctoral dis-
sertations. This behavior merits further study in order to discern the charac-
teristics of the research projects of the institutions and the lines of research
and researchers involved.

Eighty percent of the coordinators assert that the results of the projects they
coordinate are associated with more than one scientific discipline (Figure 2).

By crossing two of the variables under study, 37% of those surveyed assert
that their project has at least 5 or 10 members and it is associated with more
than one scientific discipline (Figure 3).
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Figure 2. Response to question 5 in the survey
Source: By author on the basis of SPSS

Figure 3. Cross comparison of responses to two questions
Source: By author on the basis of SPSS

Similarly, those who coordinate projects with more than 15 members report
having results associated with several scientific disciplines. This analysis evi-
dences that there are certain features of the projects analyzed that can influ-
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ence the determination of interdisciplinary relationships. This is one of the
factors that makes of results resistant to being pigeonholed under a given
classification approach.

The number of members working in a project, the objective sought, the
scope and level of interaction with other disciplines for solving a given prob-
lem constitute factors that influence the degree of interdisciplinary coopera-
tion. The areas associated with social sciences, in general, exhibit a distinc-
tive pattern of comportment with regard to interdisciplinary cooperation.

The study showed that of the 61 lines of research of the UPR in the period
under analysis, thirty work in conjunction or require contributions from oth-
er fields of science. Salient among these are Pedagogical Science, Forestry
Science, Economic Science and Technical Science (Figure 4). The most fre-
quent combinations are as follows:

¢ Mathematics

* Applied Social Sciences, Mathematics, Economic Sciences, Agrarian
Sciences

* Applied Social Sciences, Mathematics, Economic Sciences

* Mathematics, Economic Sciences, Agrarian Sciences

* Biological Sciences

¢ Economic Sciences, Mathematics

e Chemistry

Scientific Fields

PEOORTOI cErdER0T0REaCEn<n
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Figure 4. Areas of science that contribute results to doctoral dissertations
Source: By author based on SPSS

Mathematics is a representative example in Figure 5, because it contributes
the methodologies needed in other research. The same holds true for Sta-
tistics. We can conclude that interdisciplinary research projects are those
that exhibit the greatest number of combinations of areas with their results.
Each doctoral dissertation, in turn, matches a given line of research, which
manifests the existence of several lines of research in the institutions that are
nourished by diverse fields of science.
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1 Patentometrics
2 Cooperation
3 Rural tourism management
4 Hydrogeology
5 Construction of forestry roads
6 Integrated pest management
7 Wood technology
8 University-business cooperation
9 Accounting processes informatics
10 | Financialeconomicmanagementoftechnologicalinnovationprojects
11 | Thermochemical processes
12 | Commercialization system for higher education
13 | Administration and management of companies
14 | International Economy
15 | Pedagogy and didactics in higher education
16 | Paymentfor environmental services
17 Human resources management
18 | Economic theory of the transition to socialism
19 | Forestry
20 | Coastal ecosystems and environmental education
21 | Agro-ecology of the forestry system
22 | Communitarian social development and popular education
23 | Pyrolysis and gasification in fluidized solid waste bed
24 | PsychopedagogicalorientationofstudentsintheNewCubanUniversity
25 | Geochemical of rocks and mines
26 | Linguistics
27 | Linguodidactics
102 28 | Pre-lexicographical and pre-terminographical studies
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29 | Marine intrusion, water quality and environmental geology
30 | Forestryinventory

Figure 5.Number of areas of knowledge that contribute results to research
Source: By author based on SPSS

The lines associated with the greatest number of science fields are Pedagogy
and Didactics in Higher Education, Coastal Ecosystems and Environmental
Education (Figure 5). These lines are respectively associated with 10 and 6
areas of science. There are five lines of research that are associated with four
following sciences: Cooperativisim, Technology of Wood, University-Busi-
ness cooperation, Human Resources Management and Linguistics.

Discussion of the results

As Hjerland and Albrechtsen (1995) have stated, in the complex scenario of
the organization of knowledge the best way to focus its application to the re-
ality of Information Systems is to study how people think and imitate these
reqularities of thought. In the case study under analysis, this assertion is ful-
filled by contrasting the results of research in research projects and the clas-
sifications in the taxonomies used in the CV-CPR system.

It has been shown that there is no single way to organize the knowledge derived
from institutional research projects, and that existing taxonomies are not abso-
lute. With regard to information from research projects, it is important to design
representations that facilitate the organization of knowledge in accord with its
particularities, and on basis of diverse criteria or positions, such as relevance of
the topic or line of research, connections existing between diverse disciplines (of
the same area or of distinct areas), the demands exerted by results of research on
otherareas of science, and the number and diversity of members of the projects.

Itis clear that the social aspect exerts a considerable influence on the process of
organizationofknowledgethroughideologies, traditionsand paradigmswhich
combine with intellectual aspects. Fundamentally, one must make the use of
knowledge viable for real or potential users (Hjerland, 2003; Pefia, 2010).

On the basis of these ideas, this study proposes performing the classification
of research results on the basis of the lines of research to which each work
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belongs, since the research project leaders, department heads and heads of
research centers and research groups have the greatest capacity for classify-
ing these lines into the distinct fields and disciplines of the taxonomies used
to organize scientific knowledge.

This proposal directly associates the lines of research with tributary re-
search. The lines would appear classified in the taxonomies used by the Cv-
UPR system, and researchers must classify themselves in the line to which
they belong. This is a simple task for the researcher, because it is part of their
everyday work. Those responsible for classifying the lines of research are the
project leaders, department heads, heads of research centers and research
groups and other authorities within the research realm of the institution. All
of these persons must be trained in this regard. In this way, classification and
organization of knowledge for structuring in the Cv-UPR system is facilitated.

The analysis offers both advantages and disadvantages as listed below:

Advantages:

* Thereisintegration in the development of research projectamong spe-
cialists belonging to the distinct areas of the institution and outside of it.

* The clients of the projects work lines of research associated with re-
search activities of the university.

* The coordinators of the projects know about the phenomenon of in-
terdisciplinary approaches and they associate it with profiles and lines
of research that work in the diverse projects they direct.

Disadvantages:

* The researchers confuse the field with the scientific discipline when
classifying their results.

* Theinformation on science and technology in the UPRis very disperse
in the distinct areas of the institution. The main source is the research-
ers themselves. As such, ongoing consultation must be possible.

* Processing and analysis of results and performance of the research
project become onerous processes for the personsin charge of coordi-
nate the projects and for institutional authorities.

Finally, it is worth highlighting that most of the results derived from the re-
search projects are associated with the area of Science of Education. In the
classification of researchers in accord with the three taxonomies, the highest
percentages are found in fields associated with this activity used. The study
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shows thatthere is complete harmony between the criteria of the researchers
analyzed and the information from the research balance reports of URP over
the same period of time.

Under this proposal, organization of knowledge is performed with a plural
conception that pools cognitive, social and technological features, allowing
one a view of the entire length of the participative process. In this case, the
logical-semantic and discursive organization, which the researchers them-
selves have used to construct and organize their knowledge, is respected
(Garcia, 2001), and the organization of knowledge is performed more har-
moniously within the information system, one of the main paradigms within
the process of scientific research (Smiraglia, 2012).

Conclusions

The study of scientific bibliography, in conjunction with the empirical tech-
niques used, showed the validity of including the organization of knowledgere-
sulting from the research in the scientific information system of the institution.

The classification of the results of research must be structured in taxonomies
of scientific knowledge that exist nationally and internationally.

At the international level, the categories of knowledge or scientific areas es-
tablish a classification of knowledge in terms of discipline. On occasions, this
behavior encumbers the process of categorization of the results of a given
science, since they are increasingly influenced by the combination of disci-
plines and the emergence of new interrelated sub-disciplines.

The diagnosis performed of researchers who head up projects shows that the
practice of classifying results by areas of knowledge is not habitual nor is it
required by authorities. We recommend incorporating this procedure at the
outset of research projects that articulate diverse areas of knowledge while
obtaining varied interdisciplinary results.

We propose the institutional management systems of curricular information
asthe best tool for managing the scientificknowledge of an institution, as well
as for the identification and interpretation of patterns for structuring institu-
tional knowledge. In this case study, we have validated the Information and
Institutional Knowledge Management System (CV-UPR) as a platform for ob-
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taining and contrasting relevantinformation on the structuring of knowledge
derived from the results of research in accord with established taxonomies
and the analysis of patterns as per lines of research and research projects.
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