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Abstract This work explains for a computational model design focused organizational learning in R&D centers.
We explained the first stage of this architecture that enables extracting, retrieval and integrating of lessons learned
in the areas of innovation and technological development that have been registered by R&D researchers and
personnel in social networks corporative focused to research. In addition, this article provides details about the
design and construction of organizational memory as a computational learning mechanism within an organization.
The end result of the process is discusses the management of the extraction and retrieval of information as a
technological knowledge management mechanism with the goal of consolidating the Organizational Memory.
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1 Introduction

Social networks are currently considered as the main tool for sharing information and data. In this research,
information and data will be taken from lessons learned contained in specialized social networks focused on
research and such as Research gate[1], LinkedIn[6] and Blogs[1]. Nevertheless, most of the research experiences
and knowledge are not registered or used, and information is not being properly exploited in those networks.

As a solution for that, the use of computational models like Machine Learning or Deep Learning enables the
structuring and integration of specialized knowledge acquired from significant experiences, such as lessons
learned[7]. The application of these models allows for greater flexibility in the acquisition process and facilitates
the capture, recovery, transfer, and reuse of knowledge. Implementing these technological platforms will provide
the entire organizational structure with a crucial tool for decision-making and strategic planning on R & D issues.

The paper is structured as follows: Section 2 describes the theoretical background, which involves Knowledge
Management (KM) process and methods, models to manage knowledge on social systems and Learning
technologies and organizational strategies to exchange knowledge; Section 3 details our proposed framework to
combine and summarize research information and data to obtain final lessons learned; Section 4 presents results
and discussion on the main components and phases of this computational model desing. Finally, in Section 5, we
present our main conclusions and further works.
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2 Background

The generation of new knowledge is used for decision-making in non-simulated and simulated environments
within the Learning process in the network. Planned R & D entities are thus created to optimize processes, reduce
costs, increase innovation, and consider new projects. Specifically, these entities will be the context in which
individuals and the organization will learn more [2].

Despite scientific advances on this subject, there are still gaps in the analysis of information from social
networks of investigative type whose content specifically covers issues related to science, technology and
innovation. The social networks studied in this article and the information registered in these networks correspond
specifically to academic, business and scientific social networks, although, for this work we used information
contained in Twitter social network for the extracting and integrating process.

The application of Machine Learning enables the structuring and integration of specialized knowledge
acquired from significant experiences, such as lessons learned [3]. The application of these models allows for
greater flexibility in the acquisition process; it facilitates the capture, recovery, transfer, and reuse of knowledge.

Social media has increased interest in our daily activities, and the user profile of each individual is considered
a significant source of information [3]. Both Web sites and social networks are potential tools for the
management, updating, and exchange of information and knowledge in fields that are interested in knowing the
knowledge. The basic, thoughts, ideas, relationships and activities of each individual in their environment, such as
marketing.

On the basis of this concept, Knowledge Management (KM) theories center on mechanisms to help maintain
knowledge within an organization. According to [4], as KM theory evolved, different models were proposed for
innovation management in companies from multiple sectors in France and Germany, which have led us to focus
our work primarily on the concept of Personal Knowledge Management (PKM), one of the most recent lines of
work in this field [5].

3 Methodology

To further boost competitiveness in an R&D center, the organization needs to learn from its current and past
experiences in R&D. Additionally, it is advisable to take advantage of their experiences, physical repositories in
this domain of knowledge since a large volume of information and trends in R + D + i has been published in
corporate social networks.

Additionally, the process of designing the proposed architecture revealed two methodological perspectives in
the existing technologies to support knowledge administration systems, which correspond to two discrete
dimensions of knowledge management, according to [18] and to [19]. These two perspectives were used as the
methodology for producing this paper and are explained below.

Firstly, the proposed knowledge management system is based on the process-centered perspective,
understanding knowledge management as primarily a social communication process that can be improved by
considering aspects of support to collaborative group work [14].

In the computational architecture, the process-centered approach focuses on individuals, as the most
significant source of knowledge within an organization, and upholds the idea of resolving the cooperation
problems amongst them through a process to achieve their social commitment to transfer and share knowledge.

The second approach is known as the product centric perspective [19], which in this project is directed at the
creation, storage, and reuse of knowledge documents in the organizational memory, grounded in computer
sciences. This approach was at the core of this research project, primarily because it is based on the idea of
explicitly stating, documenting, and formalizing knowledge for use as a tangible resource, and attempts to present
correct sources of information to the final users at the appropriate time.

Organizational memory should provide mechanisms for storage and use of all formal and informal knowledge
that exists within the organization [2]. Organizational memory derives from documents, good practice guides,
manuals, and books that help improve the performance of the members of the organization.

Through this approach, we noted the importance that knowledge management has gained, even from a strictly
economic perspective, which has led to the rise of numerous information technology-based tools. These tools
provide mechanisms for shaping the individual knowledge of employees into the collective knowledge of the
community [20]. Table 1 shows how the proposed architecture differs from other learning models, given the lack
of consensus on the definition of many of the concepts and terms used in the organizational learning [21] and
knowledge management fields.
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Table 1. Contributions to Scientific Knowledge in Research. Source: Authors

Component Functional features and original scientific contributions
Integrates three levels of tasks (processing, knowledge, and
Metamodel | learning), while the current models do not integrate these three

functional levels.

Ontology Ontology structure.

Social Facilitates the necessary changes and transformations in R&D
Analysis centers

Extraction | Applied in syntactic/morphological analysis of the grammatical
and retrieval | structure in texts that contain lessons learned.
of lessons
learned

Semantic Assists in self-correlation and establishing relationships of
analysis of | similarity and contrast between the strategies.

lessons learned

Organizati
onal Memory
(OM)

Real time creation of the OM or ranges defined by the user based
on a model of creation of semantically analyzed packets of
information.

Machine
Learning

Application of information analysis models and application of
algorithms and methods for text analysis

4 Foundations and Discussion

4.1 Framework Design

In the framework purposed, the process-centred approach focuses on individuals, as the most significant
source of knowledge within an organization, and upholds the idea of resolving the cooperation problems amongst
them through a process to achieve their social commitment to transfer and share knowledge. The basic methods
used in this approach, such as Computer-Supported Cooperative Work, Workflow Administration, or processes
training, among others, seek to foster communication and collaboration between individuals [24].

The framework used in this research project enabled the authors to standardize concepts, practices, and
criteria to apply to the proposed metamodel and served as a reference for confronting and resolving new test cases
of a similar nature.

This framework also includes the promotion of new forms of knowledge capture, based on sources of
information, such as lessons learned, that circulate in social networks. The generation of new knowledge is used
for decision-making in non-simulated and simulated environments within the Learning process in the network.
Planned R & D entities are thus created to optimize processes, reduce costs, increase innovation, and consider new
projects.

Specifically, these entities will be the context in which individuals and the organization will learn more. The
framework objectives described above are summarized in the
functional components presented in Figure 1.
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Figure. 1. Learning and organizational knowledge framework. Source: Authors

Lessons learnt acquisition.

In order to register information, we propose individual knowledge management (from tacit Knowledge to
Explicit Knowledge). In this paper the information stored is called as lessons learned through social networks.
Therefore, creating profiles for each individual or group of people is imperative for knowledge generation. On the
basis of real time information retrieval (IR) algorithms, textual information is acquired and analyzed for lessons
learned in the ranges or periods of time established by the users.

The acquisition of a lesson learnt, in the architecture represents the relationship between the result of a
process, project, indicators, conditions or causes that align to the strategic plan of R & D for research center. The
Figure. 2 shows and example of lessons learned registered in social network twitter.
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Figure. 2. Example of lessons learned registered in social network twitter.

To carry out the information extraction process, an application has been implemented for these three social
networks; the application based on Python-social-auth technology allows the development in an agile way and
provides the connection to numerous social networks with little configuration of parameters. The framework is
integrated with certain profiles, this application allows access to tweets, retweets and mentions that refer to textual
structures of topics related to R & D lessons, the text structures are identified with a # hashtag that will be defined
by the research group or groups of researchers associated with the R + D centers.

The mathematical model applied to obtain the associated trends (A, P, D) is showed in (1). The model analyze
each lesson learned as an entity named defined “category” taken in ontology R&D [20]. An example of this
category can be resources, dates, places or processes.

[4v= a(APDY V.20 (1)

Where:
P DWeight (I like it, comments): evaluate the number of Likes or retweets mad linked to each lesson registered.
D= Registration time= Determine the line time from lesson registered to first response; e.g. hours, days,
minutes.
n=>Number of arcs= Represent the thread or sequence for each lesson learnt.
Ac = Relevant publications= Similarity R&D terms for P, e.g. Synonyms, folksonomies, Hashtags.
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Ay = Identify the content relevance for extracting. If the relation is equal to zero, then the lesson learnt is not
candidate for acquisition.

A scenario of analysis is give in the Table 1. In this case, the lesson “#CDDI Una tecnologia no debe ser solo
un camino para la solucion de problemas sino también un camino para adquirir conocimiento.” is retrieved from

twitter social network, see Figure. 2.

The relevance result is:

Table 2. Analysis of relevance for lessons learnt acquisition process.

Lesson Social Net P D Ac | n | Ay
1 Twitter 1 lhour 3 4 3
Thread 1.1 Twitter 1 3 min 2 1 2
Thread 1.2 Twitter 0 | 11 min 1 0 0
Thread 1.3 TW‘ttef)f acebo | | 1 1ol o

The results can then be used to calculate aggregations, identify trends and produce reports, dashboards and
performance measures.

Retrieval and Integrating

This component of the computational architecture makes it possible to determine the set of categories, groups,
and trends related to the current status of knowledge acquisition and management on R&D-related issues from
lessons learned that have been structured through web service extraction. This process requires the application of
linguistic techniques, using natural language processing [1].

However, the source data for this process is nominal data and unstructured text containing information on the
concepts, profiles, categories, description, codes, events, and control, along with the terminology of the set of
lessons learned in knowledge management for R&D.

The information integration process involves a level of processing in which the application of ontology is
crucial, given that the ontology enables the integration of specialized vocabulary into the knowledge domain. The
tasks of indexing terms and linguistic concepts involved in ontologies make it possible to classify the topics,
categories, entities (persons), and attributes of the entities mentioned in the lessons learned that are extracted.

Figure. 3 shows how the vocabulary “corpus” of data ontology allows the semantic indexing of scenarios such
as: HR training, prototypes, patents, scientific articles, software registers. After the retrieval process all lessons
learned are integrated and stored in a NoSQL structure.

For example, the word "management" can be changed in the word "administration"; To solve this lexical
problem, this research adapts two approaches to the method of lexical variation ontological "lexical variation
ontology". First, the method is applied in the English language corpus; in this case the variation must be made to a
new corpus adaptable to the Spanish language since the language in which the lessons learned are recorded is
Spanish. The main objective is to present a lexical ontology acquisition method that allows the variation of the
noun and the verb through the generation of the corpus and the integration with the ontology of R + D data.

The other hand, the grammatical decomposition aims to understand the semantic behavior of each word as an
entity contained in the R & D data ontology; Terms such as articles, connectors, links are discarded in the analysis
process since they are not part of the set of terms included in the Ontology.



144 Inteligencia Artificial 64 (2019)

Social networks Corpus R&D

R&D
Lessons leaming

Figure. 3. R&D organizational learning process.

The model requires machine learning techniques for social analysis is a mechanism that is thought-out to
implementation in the second stage of this project., this is a We Development an experimental non-probabilistic
prediction prototype focused unstructured information lexical analysis; lessons recorded in social networks for
corporative environments, which can be used and extended to other types of organizational R&D structures, either
government or private.

Information Management (I.M)

This component involves the storage subsystem that offers the opportunity to integrate the necessary
repositories and supports about the structural conformation of the lesson learned into the computational
architecture. The information initially captured on corporative social networks allows real time collection of
lessons learned and documents from each social network [2]. In the architecture, the I.M proposes the collection
of information packages from Research gate, blogs, LinkedIn, and digital repositories; this workflow is supported
by information integrating repository explained in Figure. 3.

The type of information to be considered for extracting and social analysis stems from the tacit and explicit
knowledge of the R&D staff. Within the organization, is relevant the organizational maturity regarding the use
and application of corporate social networks as a collaborative tool for organizational knowledge transfer.

Figure. 4 displays the standardized interface in order to optimize the ability to search, retrieve and analyze the
texts of lessons learned extracted. In this case, the capture and extraction of texts from the twitter social network is
presented. Through the use of text and semantic analysis techniques, like Latent Semantic Indexing, LSI, [22], it is
possible to learn about the trends and reality of the knowledge that is being generated by the work teams, using the
dissemination of lessons learned from each member of these teams. The result involves entities and concepts that
are analyzed lexically and syntactically. Meanwhile, the semantic (structural) analysis given to each learned
lesson make it possible to identify entities (see section 4.2) that are or are not contained within the R + D
vocabulary.

Title Semantic Date published
@CDI2 fator intemo:Todo asaecto de a reaidad  {aspecto’ nc0s000', organizacional:'40000', relidad' nc0<00C', 'cual”'pr000000' Oct. 15, 2015, 7:57 am.
organizacional, sobre el cual tenemos algun dominio 'organizacional productiidad" 'rc0sD00, ‘algun: 'p000000 'tenemos' 'iip0D0', internc:Todo': npl00CO',

#j:Climz organizacional preductivicad “factor': 05000, 'sobre: '5p000', 'COIT2" ‘20, 'a: 'da0000','ejClima’ 'np00OK', 'de’:'5p000', dominio’

‘0000, el: 'da0000';

@CDIT2 La gestion del conocimiento ayude a lu {45900, pestion’ 'neds030', La" 'dad003', 'BCOIT2: ‘20, nformacidn’ 'nc)s000, dentficacin' 'ncls000,  Oct. 15, 2015, 736 am.
idertificacidn d2 informacion yla innovacion "I '6a0000', ‘conocimiento" 'ncds000', de":'sp000, ‘nnovacidn'. nc0s000, ‘tecnoldgica’ ‘aqC00C', . 'c, ‘el
tecroldgica sp000', ‘yuda’ Ymip0D}

@CDIT2 La 2conomia es un facior mpertanteen o {'se’ 000000, mportante’: ‘0000’ prcyecto, 'np000OD' es" vsia00D' '’ 'sp000', ‘2" 5p000' ‘andliss"  Oct. 15, 2015, 1242a.m.
fase de andisis de un proyecto, a tavés deeste se 0000, factbilided" nc0s000', 'a' 420000 actor: 'ne0s000', @CDIT2: 20’ proyecto.”: npC00CO),
define a facibiidad del proyecto. “economia’ 'nc0s000', 'un’ ci0000,a" ‘da0000', 'ravés” 'nc0s000, ‘e’ 'sp000', define" vmp0C0', gl

5000’ ste: 'pd00000L, fse 'nc0s020'}

@CDIT2 20. H desarrallo de estrategias permite {estrategias" 'nc0p000', ‘negocio." nc0s00C , 'objetvos' 'nc0p000', ‘ayuda: 000’ '3 'sp000', 'cesarolle  Oct. 15, 2015, 1233a.m
ayudar a cumpl los objetivos que tienz planteadoun 'nc0sD00, "planteada’:'2g0000','EI"'dal00C', "20." W 'permite". 'ipd00' os': 'da0C00', ‘BCDIT2" 20’ 'tene"
negacic. 'ymipd00, 'un".'gi0000','que': 'er00000D' 'de’: 5p000', ‘cumpl”: 'wnn0000'}

@CDIT2 La tecrologiaeslider de irnovacidn ya que ~ {fpara’ 'sp00, de" 5p000), hacen': vmip000', es",vsia00D' ‘que’ prd00D00; 'uso’s‘nc0s001', vetajas' Odt. 15, 2015, 1233 am.
busca dbtener ventajas compettivas para quienes 'nc0p00, 'L 'da0000', @CDIT2": 20’ obtener' vmnC0OC, ider’ 'ncds000' ya' rg! el np0OOD',

hacen uso ce ella competitvas’ ‘240000, tecrologia’: ncds000), innovadn:'ncds000', busca’: vmip000' ‘quiznes” 000002}

@CDIT2 Fortaleza son todos aquellos elementos {son' vspOC0), hacen': vmip000', elementos’ 'ncCpOCO), difeencia’: ncds00D, 't '5p000', 'que’ 000000, Oct. 15, 2015, 1233am
postives que hacer diferercia frente ala ‘aquelos® 'dd0000', Fortaleza': np0200D','@CCIT2: 20, todos” ‘0000’ 'competencia.” ‘20000, 1a"

competenc. 'a0000', frente".'rg, positvos" ‘ag000't

Figure. 4. Standardized interface of lessons learnt extracted using crawling
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After extracting and filtering the lessons learned from unstructured sources, such as blogs, tweets, and
organizational forums, the next stage is to create an information management component for constructing and
organizing the organizational memory (OM). This is a continuous process and is at the core of the proposed
platform. The lessons learnt filtering is supported by use of semantic indexing, in our approach the tool applied
was ontology R&D [1].

The tasks of filtering and integrating information or lessons learned are based on the R&D ontology. The task
of populating the organizational memory will be based on topics related to innovation and technological
development for an R&D center. The purpose of designing the OM is to structure informal, case-based
information. The OM also facilitates the automatic capture, retrieval, transfer, and reuse of knowledge. In
information management, OM is defined as a flexible structure that enables the consolidation [23], in one sole
repository, of all lessons learned on issues relevant to the R&D knowledge domain. Therefore, the design of the
OM begins with the individual memory of each member of the R&D center and concludes with the creation of the
collective memory.

In view of the above, organizational learning allows us to understand the impact of the opinions and
perceptions of the human resources of the R&D center in relation to certain knowledge or experiences, for
example, technological management. The R&D center can carry out periodic, offline analyses, through reports
prepared on the basis of an analysis of the data from the OM obtained and formalized in real time. The framework
allows for the incorporation into this analysis of an immense amount of spontaneous and real time information
from social networks, forums, and blogs, to assess their impact on the thematic trends and behaviors and, thus,
rapidly reveal both critical events and competitive advantages.

The Information Management component receives all packages of content in specific intervals of time (for
example, daily or weekly) and analyses them to identify what is being mentioned in the R&D center in relation to
the technological and social variables, e.g. sentiments and emotions of what is being said about topics like
technological management. The correlational analysis is combined with mathematical models and algorithms that
accompany the factorial analysis. These two inputs can be applied to obtain the trends associated with each lesson
learned in terms of the entity mentioned, the defined category, and relevant and non-relevant topics at the R&D
center.

4.2 The organizational Learning Process

The organizational learning process in the proposed architecture involves all activities related to knowledge
storage and retrieval, and provides support by creating document repositories, forums, among other tools, to
provide access to knowledge that serves for decision-making purposes at any given moment; thus, running the
organizational memory like a cycle of Knowledge Management processes. The way the organizational memory is
structured can establish six (6) categories of organizational memory of section 3.

From the perspective of business modelling language, ontologies provide a precise description of the concepts
of the R&D domain and the relationships between these concepts. Therefore, in organizational learning processes,
ontology offers a basic vocabulary that is useful for strategic knowledge management and establishes two levels
of abstraction: for knowledge management and for the representation of knowledge.

The most important function of an ontology is the need to reach a consensus on the knowledge of the domain
within an organization, so that the knowledge represented is not the subjective perspective of an individual but,
rather, is shared and accepted by a community committed to the principle of organizational culture, facilitating
communication and interoperability amongst the members of the R&D Centre.

Finally, Figure. 5 shows an of example dashboard obtained of the information that we have obtained from the
previous processes and that feed the "tableau tool" for the comparison of the trends of lessons learned regarding
the strategic axes of the R + D centres in period time one month. The analysis shows that in September 2017 there
was a greater opinion tendency on R & D Management (45.76%) as in the month of October 2017 (33.93%) and
the trend of publications with respect to R + D projects is greater with 75.00%.
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Fecha De Leccion
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Figure. 5. Querying of the trends of lessons learned.

5 Conclusions and Future Research

In this paper is proposed the design of general architecture of a computational model driven to extraction,
integrating and analysis not structured information obtained from scientific and academic social networks. The
aim in this research is development an organizational learning system that apply new computational algorithms
like natural language processing that allow organizational learning to be more effective and specific in R&D
centres.

The validation of the learning metamodel demonstrate that the components of the architecture in the
innovation, research development domain, allows indexing and integrating information from the lessons learned
through data ontologies. In the metamodel, the ontology was conceived as the conceptual scheme of data in
relation to a specific subject but not as a mechanism of knowledge acquisition, in this case were terms
semantically related to R & D; this structure was also defined as a hierarchy of concepts that are characterized by
properties and the relationship between all these entities. However, for the analysis of lessons from lessons
learned with more complex lexical structures, the tokenization and standardization process is limited given that
the set of labelling applied is still under testing for the Spanish language. From the point of view of the vocabulary
used for indexing terms, the set of terms is limited to specialized concepts on technological surveillance,
innovation, technological development and innovation. Finally, the ontology maintenance process is crucial in the
growth of knowledge on the subject.
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