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ABSTRACT
Nowadays, with globalization and with the development of
emergent economies the Research and Development (R&D)
Centres in Europe to survive need to achieve high levels of
excellence. In this way, the use of a quality management tools,
such as European Foundation for Quality Management (EFQM),
can help the managers of such organizations to identify de best
practices to enhance the efficiency and effectiveness. Hence, this
paper presents a new approach to support managers of R&D
centres in the decision-making process in achieving the aims
mentioned above, which is based on the EFQM model integrated
with Fuzzy Logic. The proposed approach was applied to a
Portuguese R&D Centre to assess its overall performance. In order
to evaluate the robustness of the proposed approach, the results
achieved were compared with the results obtained through a
traditional methodology based on RADAR’s Logic.
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1. INTRODUCTION
Currently, there is a change in the geography of science. The R&D
centres that emerge in Europe and United States after the second
war and which allowed to establish these two regions as
superpowers in the scientific domain are nowadays at risk due to
emergence of new players in other regions. In this context, the
above mention regions are likely to lose the leadership in the
development of new knowledge. This change in the relocation of
R&D activities implies that Europe should identify where to focus
improvement efforts, coming out of its comfort zone and follows
the best practices of the new players in this changing context.
However, it is often referred by the managers of the R&D Centres
that there is a lack of consensus about the drivers for an excellent
performance of the organizations. Thus, to pursue the goal of
efficiency and effectiveness in a long term, each organization must
be capable of measuring its own performance, based on the ideal
goals and business strategies. Then, the proposed assessment
methodology aims to find answers to the following questions:
What characterizes an Excellent R&D Centre? What does a R&D
Centre need to be Excellent? What is the level of performance of a
R&D Centre? These are the questions that many managers of
R&D Centres do when discuss the issue of Excellence paradigm.

Among several available methods, the European For Quality
Management (EFQM) model arises in Europe in 1998, not only as
a Quality Management method, that allows to attend the goals
referred before, but as a method for evaluating the organization’s
overall performance.

However, and given its qualitative nature, the correspondent
assessment doesn’t consider all issues regarding the problem to
assess, making it therefore, insufficient. Some detected issues are
related with the lack of precise information about the preferences
of decision-makers, which are somehow subjective, since it
depends on the decision-maker himself.

Given the Fuzzy nature of the decision process, the decision maker,
makes his judgment, based on specific values, instead of judging
based on interval’s values. On the other hand, the self-assessment
results, are partly varied and dependent on various opinions, which
makes the scores of the various consultants, sometimes very
different. In this sense, Fuzzy Logic can be a useful method to
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solve the problems referred above, given its flexibility and
robustness, regarding its outputs, which is needed for the decision
makers.

Thus, this study aims to provide a methodology where Fuzzy
Logic is employed in a self-assessment process regarding a R&D
Centre in a Higher Education Institution (HEI).

This paper is organized as follows: Section 2 illustrates literature
review. Section 3 presents the Methodology and the obtained

results, with EFQM excellence model, Fuzzy Logic, the problem
statement, as well as the proposed approach and results. The
results are compared and discussed. This work ends with Section 4
that includes some concluding remarks and future work.

2. LITERATURE REVIEW
Some works have been presented, regarding the issues discussed
in this paper, although mainly focused on the implementation and
analysis of EFQM model in several organizations, belonging to
different sectors. One example is the work of [9], regarding the

Figure 1. EFQM 2013 Model [11]
overall performance of a nuclear power plant, where it was
identified strengths and areas to be improved. Based on the
obtained score, as well as the analysis of those strengths and areas
for improvement, it was possible to prioritize the actions to be
performed.

Other similar works, can be pointed here, regarding EFQM
implementation (e.g. [7]), the integration with Enterprise Resource
Planning (ERP) (e.g. [8]), the comparison with other quality
management systems (e.g. between ISO 9000 and EFQM [1]),
among others.

Other works includes the development and application of Fuzzy
Logic based on hybrid approaches, combined with AHP
techniques [10-13], with TOPSIS method [6], among others. Other
application fields of Fuzzy Logic could be pointed out (e.g. [2-5]).

Besides the little research, regarding EFQM in the HEI’s [11-12],
normally such works, are more focused in the entire HEI’s quality
management system [11], instead of in one functional area, and
more specifically in a R&D Centers, given its issues to attend.

3. METHODOLOGY AND RESULTS
3.1 EFQM Excellence Model
The EFQM model, is a framework, formed by nine criteria, in
which five of them, are known as “enablers”, while the other four,
are known as “results” (Figure.1). The first group covers what an
organization performs, while the second group, refers to what an
organization achieves, through the enabler’s deployment.

However, “enablers” are also improved through the feedback,
achieved from “results”.

According to [12], the group “Enablers” includes leadership,
strategy, people, partnerships and resources, and processes,
products & services. The results’ group includes customer, people,
society, and key performance. In total, there is 24 sub-criteria and
8 sub-criteria, respectively regarded to “enablers” and “results”.
The main function of self-evaluation is to identify areas for
improvement in the organization. We can choose to score the
result of the self-assessment, even if there is no official disclosure
of the score obtained, by EFQM the experts. The scoring
methodology adopted is at the discretion of the organization. The
expression RADAR results from the words "Results, Approaches,
Deployment, Assess and Refine" (Figure.2).

Figure 2. EFQM RADAR’s logic [11].
According to the rationale of this evaluation matrix, organizations
must identify the results they intend to achieve as part of their
policy and strategy definition process. These results cover all
dimensions of the model. Organizations, depending on their
objectives, plan the approaches they need to develop (or deploy)



now and in the future, in a systematic way. Finally, it is necessary
to evaluate and review the implemented approaches, monitoring
the results obtained and the learning activities. Based on these
measures, organizations identify, plan and implement
improvements [11-12].

3.2 Problem Statement
A self-assessment was carried out by using EFQM approach,
regarding a Research & Development (R&D) Centre, associated to
a Portuguese Higher Education Institute (HEI).

This R&D Centre had (at the time) 2 labs, and in a total of 14
researchers (including scholars). This organization preforms
research in the areas of Hydrogen Systems and Electrical
Machines, which brings several needs to be attended by the R&D
Centre, since there is a more diversity of stakeholders.

3.3 Performance Assessment
In a first approach, a self-assessment report was compiled by the
internal quality manager of the organization.

Then, the scores, regarding each sub-criterion, criteria and the
total score, were specified, based on Tables 1 a) and b)
respectively.

According to [11], the EFQM method, is based on a score, which
varies from 0% up to 100% (steps of 5%) and is applied regarding
each element of sub-criterion, corresponding therefore, to 20
selectable options (steps of 5%).

On our approach, RADAR’s Logic method, the scoring is divided
into 5 levels from 0% up to 100% (steps of 25%).

In this context, and particularly in this work, it was developed a
fuzzy logic approach, where the numbers of options, was limited
to five fuzzy sets, which allows to reduce the imprecision due to
the imperfection of knowledge that the individual receives,
through its observation from the external world for selecting the
proper score.

For the definition of the correspondent membership functions, as a
first approach it was used triangular functions, since it’s widely
used on related literature represented by 3 parameters (a, b, c),
according to the relation a < b < c, with b representing the middle
point. The obtained scores can be therefore provided, as a
triangular Fuzzy number, whereby consultants, define some scores
for the features of sub-criterion elements, by choosing one of 5
Fuzzy sets mentioned (Table 2).

Table 2. Fuzzy sets and membership functions.

Regarding the tables for scoring Enablers and Results as well,
scores were then assigned as Fuzzy numbers to each feature of
RADAR’s EFQM logic (i.e., Results, Approaches, Deploy, Assess
and Refine) and regarding sub criterion, criterion and total scores.
The obtained scores went through a defuzzification process, by
using the centroid method, to produce a quantifiable result into a
Crisp value.

MATLAB’s software was then used to develop the model. On
Figure 3, it’s presented one of the architecture’s model used,
regarding the Enablers criteria.

The tables, used to score the Enablers’ criteria, is shown on Tables
1 a) and 1 b), respectively regarded to the Enablers and Results
Criteria.

Both tables, were used to evaluate each one of the enablers sub-
criterion elements, and according to the EFQM’s RADAR’s logic.
This was done, based on the amount of collected evidence, which
were identified by selecting one of 5 available options, namely;
“bad”, “insufficient”, “sufficient”, “good” and “very good”.

Figure 3. One of model’s architecture used (Enablers criteria).
On Figure 4, it’s presented an example of an implementation,
regarding the membership’s functions, described on Table 1,
related to “Enablers criteria”.

Figure 4. Example of membership functions regarding the
variable “Approach” (Enablers criteria).

The preformed calculations, regarding EFQM sub criteria scores,
are shown on Table 3 a), regarding enablers and results, and by
using the ‘traditional’ EFQM approach.

Table 3 b), displays the final scores, regarding the sub-criteria,
correspondent to the 9 criteria used (enablers and results), by using
Fuzzy Logic approach.

Figure 5, shows the difference, achieved between the two scoring
methods used, by displaying each EFQM criteria, regarding both
approaches.

Based on Figure.5, there are minor differences, from both methods.
This becomes, even more evident, by comparing the overall scores,
regarding both approaches (Table 3 a) and b), respectively).

The value of the overall score, achieved from the Radar’s Logic
approach, is also presented on Table 3 a), which is quite near to
the correspondent value from Fuzzy’s Logic approach (Table 3b)).

Strength points were identified, as well as areas for improvement,
with both, resulted through the achievement of the scores,
regarding EFQM sub-criteria. The value of the overall score,
achieved from the Fuzzy Logic method, is also presented on Table

https://en.wikipedia.org/wiki/Crisp_logic


3 a), which is quite near to the correspondent value from
RADAR’s Logic method (Table 3b)).

Strength points were identified, as well as areas for improvement,
with both, resulted through the achievement of the scores,
regarding EFQM sub-criteria.

Table 1. One of the proposed scoring, regarding: a) Enablers criteria b) Results criteria.
a)

b)

Figure 5. Assessment log methods for R&D center used.

3.4 Strength Points and Improvement Areas
On behalf of EFQM framework, strength points were identified, as
well as areas for improvement, with both, resulted through the
achievement of the scores, regarding EFQM sub-criteria.

Additionally, some forms were distributed, in order to get some
relevant opinions and to help to extract the strength points, based
on the score achieved before. This was done with the assistance of
the elements involved on EFQM assessment, namely: R&D
Center collaborators, HEI’s Quality Management Office, and
external consultants as well. The strength points, as well as the
areas for improvement, were then defined after some meetings
take place, and based on the methods defined before.

Regarding the identified areas for improvement, it was considered
sub-criterion of 1b, 4c, 5c, 6a and 8b to define the correspondent
improvement actions.



Table 3. EFQM assessment for R&D center, regarding a) RADAR’s logic (EFQM) approach b) Fuzzy logic approach.
a)

b)

3.5 Improvement Actions and the
Correspondent Action Plans
Based on the improvement areas, it was defined 5 improvement
actions, followed by their correspondent improvement plans as
well. The improvement actions are presented on Table 4.

Based on Table 4, it’s given an example of an action plan,
regarding Improvement Action No. 5, which is presented below:

• Improvement Action No. 5;

Deadline to perform the improvement action: 4 months;

4 phases were considered:

1- Project team formation,

2- Identification of cost reduction areas,

3- Analysis of results,

4- Development of a final report and conclusions;

2 implemented measures:

5- Creation of 2 capacitor banks,

6- Development of a traction system for electric vehicles.

Table 4. Assessment log for R&D center by using Fuzzy
method.



4 CONCLUSIONS AND FURTHERWORK
In this work an integrated approach was proposed by
implementing the EFQM model, supported by Fuzzy Logic, to
improve the performance of a R&D Center.

On behalf of EFQM implementation, a self-assessment was
performed by using two different methods to score sub-criteria,
namely; RADAR’s Logic method and Fuzzy Logic.

Then, strength points, as well as the improvement areas, were
identified in order to define the actions for improvement. A set of
improvement actions were then determined, regarding each area
for improvement, followed by their respective action plans.

The use of EFQM Excellence Model, has revealed to be a
practical tool, which can be used for carrying out self-assessment
in other R&D Centers, to improve their overall performance.

As an example of further development, the proposed approach can
be improved in this case, by combining Fuzzy Logic, with multi
criteria methods (e.g. AHP, ELECTRE, PROMETHE, among
others) to prioritize the improvement areas, as well as their actions.
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