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ABSTRACT 
 
This paper reports a data mapping construction aimed to subsidize the decision making process regarding 

institutional projects, at different levels of responsibility, at the Instituto de Engenharia Nuclear. The conception 

models a systemic and adaptive tool which is based on the concept mapping theory developed by Novak. 

 

The Instituto de Engenharia Nuclear (IEN) is a research center of the Comissão de Energia Nuclear (CNEN), an 

autarchy attached to Ministério da Ciência, Tecnologia, Inovações e Comunicações. The main focus of IEN is 

research and development of nuclear science and technology. 

 

The developed tool creates a more effective and accessible way of sharing information. However, beyond 

project data integration into a specific instrument, it also has the intent to compensate the consequences of the 

continued reduction of the number of workers at IEN over recent years.  

 

The recent CNEN management report, published in 2016, showed the problematic situation caused by the loss 

of workers, stressing the high number of pensions granted and to be granted in the near future. 

 

The loss of labor force, besides exposing the urgent need for optimizing knowledge management efforts, also 

sheds light into another problem: the need for grouping responsibilities among the remaining workers. In this 

respect, the tool developed helps to face this challenge, enhancing autonomy at different levels but preserving 

the institutional guidelines. 

 

To conclude the report, and in order to exemplify the method, the paper also describes the map construction 

relative an innovative project proposal in a joint development towards the nuclear area. 
 

 

1. INTRODUCTION 
 

This work presents a mapping data construction towards project area. It has the objective to 

subsidize the decision practice at many different responsibility levels, inside the Instituto de 

Engenharia Nuclear, an institution in the nuclear sector. This construction models a systemic 

and adaptive tool based on Novak’s theory of concept maps [1]. 

 

The instituto de Engenharia Nuclear (IEN) is a research unit attached to Comissão Nacional 

de Energia Nuclear (CNEN), a federal autarchy linked to Ministério da Ciência, Tecnologia, 

Inovações e Comunicações. The main activity focus of IEN is linked to development and 

research in science and nuclear technologies. 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

 

Beyond searching for a more effective and accessible way of sharing, the informational 

integration into a specific tool has the intent to mitigate the consequences of a large reduction 

of workers in the last few years.   

 

In a management report presented in 2016 by CNEN [2], IEN’s maintainer, it was evidenced 

the problematic condition created by the loss of workers, citing mostly the high number of 

pensions granted and to be granted in a very close future. 

 

Besides ratifying the need to optimize resources for knowledge management, the retraction of 

the number of workers alerted to one problem more: grouping responsibilities in order to 

supply the lost labor. In this regard, the accumulation of functions points to the development 

of a tool that includes the differentiated profiles, aiming for autonomy, at the same time as the 

institution's guidelines are contemplated. 

   

 

2. THE THEORETICAL CONSTRUCTION 
 

In order to build any idea, it is important to follow steps which enable the operationalization 

of activities within pre-defined schedules. A project is defined by PMBOK guide [3], as “a 

temporary endeavor undertaken to create a unique product, service, or result”. In other words, 

something must be done, during a pre-determined period, beginning and ending defined, and 

with an exclusive objective. 

 

Usually, the way to plan any project will reflect the organizational culture, which consists in 

standardized ways of think, feelings and responses acquired and transmitted. [4]. Johann [5] 

argues that "strong cultures", those with a high grade of shared values considered essential, 

are associated to excellent performances, for the facility of sharing values and methods of 

doing business. 

 

Seeing that, sharing ideas and values structures an organization, it becomes an institutional 

responsibility to create an appropriate environment to facilitate interaction and knowledge 

accumulation into its culture. 

 

Nonaka and Takeuchi [6] advocate the idea that "enabling conditions" should be created to 

support the organizational knowledge origination and its sharing. These five essential 

“enabling conditions” are intention, autonomy, fluctuation and creative chaos, redundancy 

and requisite variety. Based on this understanding, this work sets out to create a tool that 

seeks to translate institutional visions and needs creating concepts expanded by connectors, 

turning them on concept maps. 

 

 

3. METHODOLOGY 
 

For the tool development was used the Concept Map methodology, a technique developed by 

Novak in the 60s and that was based on Ausubel's theory of meaningful learning, which 

emphasized learning resulting from the assimilation of new concepts and propositions 

through preexisting cognitive structures, and also in Piaget's theory of cognitive development, 
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where the individual constructs his knowledge from his predisposition to make associations 

[1]. 

 

To illustrate, a concept map of Novak's technique (Figure 1), where the knots represent the 

concepts to be expanded and the links between them, represent the connections constructed 

between the concepts. 

 
 

Figure 1: Concept map about Novak’s theory [7] 

 

 

4. THE WORK DONE 

 
Following a distinguished profile as a governmental autarchy, as first activity, the work 

divided the material in four stages related to a specific projec: project proposal, feasibility 

study, project opening and follow-up of project execution and closing process. 

 

According to Novak and Canas [8] every concept map intend to answer a focus question, 

thus, the formulation of a good question will lead to the construction of a more accurate map. 

 

Within this logic, the mapping focus took place in the first phase: project proposal, where the 

institution shares the objective, values and institutional strategies that are reflected in the 

concepts and associated links. It’s important to highlight that this first step is necessary to 

understand the full material and sent the pre project to the responsible areas in CNEN where 

it will be analyzed. 
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The question: what are the concepts to be taken in order to help and speed up decision 

making practice? 

 

The elaborated map aims to point out all the necessary steps to reach the decisions about the 

project and the feasibility of this as a proposal to the organizations involved.  

 

The concepts connect from past actions, allowing them to be analyzed, through instruction 

documentations, such as official statements and surveys, to actions and activities that must be 

consolidated and attached to the mapping process. The map construction aims to elucidate, 

for all actors involved, what is seek: to consolidate the project proposal that will be sent to the 

competent departments. 

 

For concepts that are shared by the mapping process, we conducted the data selection, 

through interviews and meetings, with the group responsible for the guidelines: director of 

the institute; the innovation coordinator; the coordinator of the research area; the technical 

manager of the project; the Thematic Area responsible (and also responsible for the Service). 

 
Also, during the data survey phase, a bibliographical research was carried out through official 

organizational documents, such as management reports and, especially, the Thematic Areas 

Booklet, 2013-2017 [9]. This document presents the areas for R & D development in the 

institution and, among other expectations, assists in the allocation of infrastructure and/or 

budget resources. Projects linked to the established Thematic Areas would already be one of 

the guidelines aimed to conceptualizing any project initiative. 

 

In continuity, the following macro concepts were established: the trajectory that led to the 

project, the objective, the partnerships, the pre-project activities, the available versus 

necessary teams, the laboratory infrastructure, proposals for infrastructure adequacy (and 

budget), ending with a detailed "work plan proposal" field, answering to all expectations 

raised. Also, during the collection phase, it was also reported safety culture important points 

and the necessity of sharing the meetings material to facilitate monitoring and understanding. 

 

The whole mapping work is done aided by hyperlinks, the attachment of digital files with 

different extensions, and particular information to the elaborated concept map. 

 

To this function, the tool is shared online, with restricted access to the Institute and only 

through a password of open access to the members of the project, at the IEN, who, at this 

stage, will participate in the decision-making process. 

 

For the concept map elaboration was used the CmapTools (figure 2), a tool developed and 

made available by the Institute of Human and Machine Cognition (IHMC) through its 

website ihmc.us. 
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Figure 2: The IHMC products used to build the concept map 
 

 

The purpose of this first stage is to provide enough material to allow an analysis of all the 

necessary documentation and the proposal formulation, enabling it to the next stage, being 

the tool precisely designed to facilitate and speed up this first stage. 

 

 

5. THE MAP 
 

The Built Map aims to provide the necessary data for the analysis of a joint development 

project with Industrias Nucleares Brasileiras, INB, and IEN. 

 

As previously detailed (item 4), map information sharing is done online and always updated 

in real time. This form of work enabled by remote access allows uniformity of data, focus 

contextualization and collective construction. Internal network security and password access 

offer traceability and data integrity. 

 

More than a remote access database, the conception of a cognitive map transforms the idea 

into a figure easily assimilated which inducts the negotiated focus for its elaboration (item 4). 

Being a systemic and perennial construction, it presents itself as an adapted tool, able to 

follow the needs of change and adequacy to attend the project. Figure 3 shows the concept 

map constructed. 
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Figure 3: Concept map of project proposal 

 
 

In each "box" of the map it is necessary to unfold the concept presented. The conceptual map 

of figure 3 is about study in progress, it can be verified that many concepts still wait their 

unfolding while others are already defined. An example: "Infrastructure Improvements" 

which attached detailed reform notebook beyond the plants of the laboratory in question. The 

"for demonstrative" connector leads to new concepts, in this case, budgets necessary to 

estimate the cost and execution time of the previous concept. 

 

The icons attached to the concepts are used as labels for accessing the information. This 

information has diverse formats and contents aiming to advise the members in this stage. The 

idea is to look at the map as a larger whole, where each concept can generate new 

connections that should be assimilated. 

 

 

 

6. CONCLUSIONS 
 

The general idea of a concept map must be understood holistically, values and organizational 

strategies must permeate the structure to allow that items considered critical, such as safety 

culture, do not be forgotten. Also, promoting collective construction, new items can be 

incorporated and new connections will be stimulated. 

 

The cognitive mapping of this first stage that generates content to aid in the decision making 

process also becomes a document that can be consulted about the actions undertaken besides 

serving as learning for future projects. 

 

The final idea to conclude this stage is to close a PDCA cycle in order to verify gaps between 

the structured tool and the institutional needs for following phases of projects in general.   
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