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Abstract 
This research aims to build a model for performance evaluation of the implementa-
tion phase of a technology park, through the multicriteria methodology for construc-
tivist decision aid (MCDA-C). This is a survey based on the constructivist paradigm, 
in a form of case study, of an exploratory nature, with qualitative and quantitative 
approach. For data collection, interview techniques, direct observation and review 
documents were used. As results the model enabled: i) identify four Areas of Con-
cern, sixteen Fundamental Points of View—FPVs and seventy-one descriptors (per-
formance indicators) that integrate the evaluation model; ii) demonstrate the per-
formance profile of the current situation (statusquo) of the Technology Park imple-
mentation process, which resulted in 62 points; iii) explain a structured process for 
the identification of strengths and opportunities for performance improvement. 
Thus, the research generated knowledge regarding the Technology Park implemen-
tation process and the evaluation model is a tool to support the management in deci-
sion-making activities. 
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1. Introduction 

Technology parks are innovative enterprises and have aroused the attention of gov-
ernments in many countries, including Brazil, due to the possibility of using them as 
platforms for the development and implementation of projects in business, scientific 
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and technological area. Technology parks appear as effective mechanisms to foster the 
interaction among various organizational actors and promote innovation in the pro-
ductive sector [1]. 

Technology parks have the role of: i) encourage and manage the flow of knowledge 
and technology among universities and enterprises; ii) provide environments that en-
hance a culture of innovation, creativity and quality; iii) to facilitate the creation and 
growth of innovative enterprises by means of incubation and mechanisms for creating 
spin-off [2]. 

The expansion of technology parks at the international level, United States, Europe 
and, later, Asia and Latin America, results in a variety of adjustments and experimenta-
tion that modify and expand their concept. This heterogeneity of models of enterprises 
reflected in various terminologies used in the English language that came to be adopted 
in Brazil [3]. 

The development stages of these projects are complex, and involve institutions with 
very distinct natures and large scale investments. In addition, the local context in which 
the project is inserted is also crucial, because there are political and social dimensions 
which are typical of certain cities and can hardly be applied in other contexts. However, 
according to the author, it is possible to define common steps, by which all technology 
parks initiatives must travel to increase their chances of success [4]. 

ANPROTEC divided the development of a technology park in three phases: i) project 
and planning; ii) implementation and iii) operationalization [5]. 

According to Soly et al., (2012) [6]; Spolidoro (1997) [7] the planning phase defines 
the area, the physical and services structures, the organizational and legal model of the 
institution managing the project, elaborates studies of social, economic and environ-
mental impacts. In the implementation phase, it begins the construction of a set of 
physical infrastructure, exploration and dissemination of the project to attract investors 
and companies and installation of the first organizations. The operation phase covers 
its occupation by the companies, project management and offer of services provided by 
the park to resident companies. 

In Brazil, technology parks came to be created from 1984 in order to promote in the 
regions innovative entrepreneurship and support the creation and growth of technolo-
gy-based organizations and social enterprises. This process provided an opportunity to 
appropriation of scientific knowledge and technology generated in research and devel-
opment institutions—P & D and insertion of products, services and innovative pro- 
cesses in the market [8]. 

The ratings in technology parks are needed due to two main aspects: i) to assist in the 
decision making process, both public and private, in relation to the support to be di-
rected to the technology parks in order to induce/ensure the sustainability of these ex-
periences, and ii) to promote the improvement of policies targeting this segment [3]. 

The initiatives of developments of technology parks in Brazilian context have been 
discussed in various forums, receiving, to a greater or lesser degree, support, including 
financial one, of several public and private institutions. In this way, taking into account 
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the high disbursement of financial resources that are required for its implementation, it 
is necessary and appropriate to evaluate its efficacy [3]. 

Given this context, it is intended to answer the following research question: Given 
this context, we intend to answer the following research problem: what are the criteria 
to be included in a performance evaluation model of the implementation stage of a 
Technology Park? To answer this question, it has as a main objective of this research 
developing a model for performance evaluation of Sapiens Park implementation phase, 
based on the multicriteria methodology for decision aid constructivist approach— 
MCDA-C. 

As specific objectives are: i) structure a set of indicators for evaluating the imple-
mentation phase of the Sapiens Park, aligned to the perceptions and values of the de-
cider; ii) to transform the indicators identified in instruments that provide performance 
measurement global and local through the construction of cardinal scales and rates of 
substitution; and iii) to test the proposed model in order to verify their compliance and 
applicability in the implementation phase of the Sapiens Park.  

Measuring the performance of technology parks is paramount and requires strict ap-
proaches. However, in accordance with bibliometric study carried out for the purpose 
of this research it was not identified a concern of the scientific community in develop-
ing, through scientific methods, a structured process for evaluating the performance of 
the technology parks implementation [9]. 

In terms of relevance and contribution, the present research is justified by the fol-
lowing aspects: i) the theoretical contribution on the subject through literature pre-
sented, expanding the studies on the evaluation of the technology parks performance; 
ii) improvement of performance evaluation methodologies, testing the consistency and 
adherence of the MCDA-C Methodology in the stage of a technology park implementa-
tion; iii) availability of Sapiens Park to managers; a tool to support the management 
now well established scientifically; iv) assist and facilitate the decision-making process 
in the implementation phase of the technology park. 

By the end of this study, a model will have been created, which allows decisors to be 
familiar with: the critical factors for the success of the company; the current perfor-
mance level in each of these factors, including which factors present compromising 
characteristics and which provide a competitive edge; and how to use the process 
available to improve strategic actions.  

In addition to this introductory section, this study has four more sections: 1) theo-
retical background; 2) research methodology; 3) presentation and analysis of the re-
sults; and 4) final considerations. 

2. Theoretical Background 

The performance evaluation is a tool for managing support that subsidizes the manag-
ers in making informed, transparent and more appropriate decisions to each context. 
There is no effective management without the use of a measurement process of organi-
zational performance. The measurements are the starting point for the improvement of 
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the organization itself because they allow managers to compare the planned work ver-
sus the executed one [10] [11]. 

The scientific literature shows a variety of concepts on performance evaluation 
theme. Because it is configured as a multidisciplinary subject there is no consensus on 
the most appropriate concept to represent this organizational construct. Table 1 pre- 
sents a summary of understanding of various authors on the subject. 

Among the concepts presented in Table 1, this research adopts the theoretical affilia-
tion proposed by Ensslin, et al. (2010), which is related with the other concepts pre-
sented. Most performance evaluation concepts are sustained in the context of building 
and disseminating knowledge, through a management process linked to organizational 
strategies, which considers the peculiarities, the external and internal environment, 
context and future expectations of the organization, serving for manager decision sup-
port [12]. 

The evaluation of performance while management process, has its centrality in the  
 

Table 1. Summary of performance evaluation concepts. 

The basis for the assessment of a fact, an idea, a goal or a result and, also, the basis for decision-making on 
any action that involves a choice. 

The starting point for the improvement of the organization itself.  

The act of observing, measure, analyze and use information. 

Process for quantifying the efficiency or effectiveness of the organization intentional action. 

Instrument necessary for the organization to survive and prosper in the knowledge era  

Key Ingredient in performance management, of survival and growth toward the future.  

Adjusted combination of qualitative and quantitative, subjective and objective, explicit intuitive, logical 
and physical, known and unknown aspects. 

It enables one to check whether the strategic and tactical plans are the most appropriate or produce the 
expected results. 

System to help organizations to become more efficient 

Group of tools called of indicators by which allows one to obtain information about the measures 
achieved over time. 

It enables the identification of aspects considered important, evaluate them, see them and promote 
improvement actions. 

Set of metrics used to quantify both the efficiency and the effectiveness of actions. 

It assigns value to what an organization considers relevant, compared to its strategic objectives in order to 
promote improvement actions. 

The act of observing, measure, analyze and use information of a certain context which it deems relevant to 
measure and manage the performance of the organization strategic objectives. 

Management process used to build, fix and disseminate knowledge through the identification, 
organization, measurement and integration of necessary and sufficient aspects to measure and manage the 
performance of the strategic objectives of a given context of the organization, according to the values and 
manager preferences. 

Source: Developed by the authors, (2016). 
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indicators and/or evaluation criteria that identify in which performance level the inves-
tigated organization and/or context is Specifically in relation to the technology parks, 
from research conducted in databases in the period from 2000 to 2013, several criteria 
and/or performance variables were identified, which are summarized in Table 2 [13] 
[14]. 

It is observed in Table 2 that the studies have sought to evaluate technology parks 
through different criteria of performance. When focused on companies, the studies are 
based on factors such as: i) economic performance; ii) performance in innovation (in-
vestments in R&D and production of patents); iii) creation of jobs; iv) access to public 
funding; v) longevity of the business; and vi) knowledge management of technology 
park companies. When focused on the technology park as a whole, the studies have 
evaluated factors such as: i) attractiveness capacity of innovation actors to the region of 
the TP; ii) global impact on employability in the region of the TP; iii) creation of new 
enterprises; iv) model of management and governance; v) intensity of relationship be-
tween university and company; and vi) practices of knowledge management. 

Before the studies presented it is observed that the criteria used to evaluate the 
development of technology parks are concentrated, most of them, in the operationa-
lization stage. In this way, it can be stated that there is a gap in the literature regard-
ing the performance evaluation in the implementation phase of technology parks. 
This is why this research is solidified. It collaborates with the expansion of the per-
formance evaluation research of technology parks and expands knowledge of these 
enterprises. 

3. Research Methodology 

The Research Methodology applicable to this project is composed of two parts. The first 
part is dedicated to the methodological framework of the research; and the second part 
presents the intervention instrument selected for the construction of the evaluation 
model of the Technology Park implementation phase, namely the Multicriteria Me-
thodology for Constructivist Decision Aid (MCDA-C).  

3.1. Methodological Framework of Research 

The methodological framework comprises the following choices [35]: 
1) Concerning the nature of research, it is classified as applied in the form of a case 

study with a view to solving a real problem, that is building a model to evaluate the 
Technology Park implementation stage. 

2) As to the nature of the objective, it is exploratory, by promoting reflection and 
generation of knowledge in the decision maker/manager of Sapiens Park. The aim is to 
deepen knowledge on the subject, and with this to structure a set of criteria/perfor- 
mance indicators that enable to evaluate the performance, from the perception and 
values of the decision maker. 

3) Regarding the approach to the problem, it is qualitative-quantitative, and the qua-
litative approach occurred at the time the decision maker concerns and values were  
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Table 2. Summary of performance indicators presented in the literature. 

INDICATORS/PERFORMANCE VARIABLES STAGES AUTHORS 

Performance of companies inside and outside TP (Technology Park) 
Rate of job creation; Identification of results in terms of innovation; Accessibility and public funding. 

Operationalization [15] 

Performance of similar companies inside and outside TPs 
Increase in generating jobs; Increase in sales and profitability of the companies. 

Operationalization [16] 

Development of TbCs (Technology-based Company) 
Comparison of TbCs inside and outside TPs, based on their performance. 

Operationalization [17] 

Development of TPs 
TPs influence incentives to attract new research laboratories in specific municipalities/ regions. 

Operationalization [18] 

Survival rate of companies inside and outside TPs 
Employment generation; growth rate of companies. 

Operationalization [19] 

Creation of start-ups TPs 
Business incubation models considering the range of expected results. 

Operationalization [20] 

Performance of management strategy 
Strategigram benchmarking tool used to analyze TPs 

Operationalization [21] 

Performance of management strategies for TPs 
Mission evaluation of the environment and context in which TP is inserted, stakeholders’ maturity 
and commitment. 

Operationalization [9] 

Influence of TPs actors 
Proximity influence of universities, their sectoral expertise and public or private management 
organization. 

Implementation [22] 

Evaluation of policies 
Analysis of S&T (Science and Technology) policies toward TPs. 

Operationalization [23] 

Impact instruments of technology parks 
Requirements that contribute to the impact evaluation of scientific parks. 

Planning/Operationalization [24] 

Impact on generation and consolidation of TPs 
Having Technology Parks Tracking System and Business Incubators. 

Planning/Operationalization [5] 

Innovation training inside and outside TPs 
Comparison of capacity for innovation among companies 

Operationalization [25] 

Development of invention patents 
Comparison among companies inside and outside TPs regarding the deposit of patents. 

Operationalization [26] 

University-industry interaction 
Elements that determine the success of a venture derived from innovation generated from this 
interaction 

Operationalization [27] 

Interaction among TbCs in the TP and universities or research institutes 
Level of interaction among TbCs in the TP 

Operationalization [28] 

Innovation capacity 
Evaluation tools of innovation capacities for Technology parks; annual growth rate of regional 
investment; Turnover of the technology market; Level of cooperation cluster; Level of intellectual 
property protection in cluster. 

Operationalization [29] 

Performance evaluation indicators for the Science and Technology Park of PUCRS-TECNOPUC, on 
the perception of its main stakeholders. 
Financial and Social Aspects 
Generated jobs; Number of companies established by business segment; Number of companies 
generated/graded by business segment; Total revenue. 

Operationalization [30] 
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Continued 

Science, Technology and Management Aspects 
Qualification of the management team (including flexibility); Number of P & D projects/year with 
Universities and Research Institutes, (sponsor) or the STP region; Areas of expertise or competence of 
the STP and University; Researchers number per area of STP knowledge / competence. 
Infrastructure, Sustainability and Competitive Aspects 
Quantity and availability of skilled labor formed in the region and by the sponsor of the STP in STP 
knowledge areas; STP and region infrastructure: size of the buildings, supported weight, 
transportation, energy, data link, restaurants, car parks, auditoriums, security, hotels, etc,; Installation 
costs (rental, condo, etc.). 

  

Combination of social and industrial needs 
Environmental structure; Quality of life; Technologies associated to social and industrial needs. 
Will of the public authorities and private sector 
Public and private investments 
Training of human resources with interaction theory/practice/ 
Integration of science to the practice of knowledge. 

Implementation and 
Operation 

[31] 

Economic development and growth of the region/ 
Establishing policies to trigger economic and the region development; provision of sufficient funding; 
Guide and support of Industrial Policy; Professional environment; Formation of the industrial cluster; 
Consolidated Foundation Science; Professional training; One-Stop Service; Capital assistance (venture 
capital, bank loans and shares in the public markets); Ease of access to the capital sources of 
companies located in the park; Investment policies to promote industrial development of the park; 
Deduction of rates for park companies. 

Operationalization [32] 

Location factors 
Communications infrastructure; Flexibility of the housing market in the park environment; initial 
conglomerate of companies specializing in a shaft of dynamic production; Set of basic services for the 
development of business activities in the park, such as production services, consulting services, 
specialized services. 
Factors that explain the qualitative transformation and sustainability of experience 
Partnership establishment with key stakeholders, both social and economic ones; Existence of a 
regional development plan and / or technological innovation that fits the work of the park; Existence 
of large local and regional arrangements for the ecological sustainability of the area; Existence of 
various mechanisms for financing business activities. 

Implementation and 
operationalization 

[33] 

Infrastructure 
Infrastructure for technology-based companies: buildings, utilities, IT, environmental preservation 
areas, etc; accessibility of: highways, airports and urban centers; Infrastructure shared with 
universities and research institutes 
Specialized Services 
Presence of centers specialized in technology and innovation; presence of personnel specialized in 
structuring projects of technological development through development agency and sectoral funds. 
Park Management 
Own governance mechanisms with autonomy for decisions; Professional management model with the 
use of quality indicators of the park services provision; Have favorable land conditions of the park 
buildings. 

Implementation and 
operationalization 

[34] 

Source: Developed by the authors, (2016). 
 

considered, during the phase of structuring the evaluation model, more specifically in 
the construction of the Primary Evaluation Elements—PEEs and the Cognitive Maps. 
Later, the quantitative phase happened through construction of ordinal scales of de-
scriptors, from the transformation of ordinal scales into cardinal ones, the allocation of 
substitution rates and the additive aggregation process of implementation phase per-
formance of the evaluated park. 
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4) Regarding the data collection, it involved primary and secondary data. The pri-
mary data, in the form of semi-structured interviews, where they sought to identify the 
concerns and preferences of the manager/decision maker for the structuring of the 
evaluation model. The secondary data consisted in the analysis of documents and stan-
dards used by the organization object of study, related to the topic of research. 

3.2. Intervention Tool—MCDA-C Methodology 

The consolidation of MCDA-C Methodology as a scientific tool of management occurs 
from the 1980s. The scientific basis of the MCDA-C methodology arise with the publi-
cations of Roy’s (1993) and Landry’s works (1995) when defining the limits of objectiv-
ity to the decision support processes; and Skinner’s (1986) and Keeney’s works (1992) 
when recognizing that the attributes (objectives/criteria) are specific to each context, 
from the perceptions of the manager/decision maker; and also with Bana and Costa’s 
work (1993) when explaining the beliefs of MCDA [12] [36] [37] [38] [39] [40]. 

The purpose of the MCDA-C methodology is reached by three main phases, as 
shown in Figure 1: i) Structuring Phase; ii) Evaluation Phase; and iii) Elaboration of 
Recommendations Phase.  

As can be seen in Figure 1, MCDA-C methodology due to its constructivist view, 
presents the possibility of recursion in all phases and stages. Below is a summary of 
each phase, based on the following authors: Enslin et al., 2016; Dutra et al., 2014; La-
cerda et al., 2014; Ensslin et al., 2014; Della Bruna Junior, Ensslin, Ensslin, 2014; Mara-
fon et al., 2013; Ensslin, et al., 2012; Azevedo et al., 2013; Rosa et al., 2012; Ensslin et al.,  

 

 
Source: [41] 

Figure 1. MCDA-C Methodology and its stages. 
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2001; Ensslin, Dutra, Ensslin, 2000 [41]-[51]. 

3.2.1. Structuring Phase 
Centrally, Structuring Phase aims to organize, develop and expand the decision maker’s 
knowledge regarding his/her decision-making context. To this end, some steps need to 
be taken to achieve these objectives, namely: Identification of Primary Elements Evalu-
ation—PEEs (hereinafter also referred to concerns) Guidance of PEEs for Action, 
Grouping Areas of Interest, Value Tree Building, Construction of Descriptors for the 
selected objectives (ordinal scales of measurement) and Set of Reference levels. The 
product of this phase consists in a hierarchical structure of value by presenting the as-
pects, according to which the investigated context will be evaluated, as well as present-
ing what will be considered to evaluate each of the model aspects.  

3.2.2. Evaluation Phase 
Evaluation Phase aims at translating the ordinal qualitative model built in the Struc-
turing Phase in a mathematical model where one can identify the quantitative perfor-
mance of the individual context (in each model aspect) or globally (global evaluation of 
the context performance). To this end, some steps need to be taken to achieve these 
goals: Construction of the Value Functions; Construction of Compensation Rates; 
Identification of the status quo performance profile; and Calculation of the perfor-
mance evaluation of the context in analysis. The phase product is a multicriteria ma-
thematical model which allows the calculation of the overall context performance or its 
constituent parts.  

3.2.3. Recommendation Phase 
Recommendation Phase aims to offer information/actions that the decision maker may 
use/put into practice to improve the performance of the analyzed context, focusing on 
performance improvement in the indicators included in the model. The knowledge 
generated here allows the decision maker visualize graphically and numerically in every 
aspect (performance indicator) if the performance is “excellent”, “competitive” or 
“compromising”.  

It should be explained that the decision aid activity, in this research focused on 
management, is characterized as the central differential of MCDA-C Methodology fac-
ing other multicriteria methodologies. In this context, it is implied that: i) the deci-
sion-maker is the central element, without whom, the activity, and MCDA methodolo-
gy, lose their reason for being; ii) that the central goal is to enable the actors involved in 
the decision-making process, generate learning propitiated by the degree of under-
standing generated during the process, informed by both the value system and the deci-
sion maker goals; iii) the central focus of MCDA-C Methodology is to develop a set of 
conditions and means (“keys”) as a basis for decisions, depending on what the decision 
maker believes to be the most appropriate, within a given context [36]. 

It is noteworthy that the built and presented model, from the next Section, based on 
the Multicriteria Methodology for Constructivist Decision Aid (MCDA-C), focuses on 
the Structuring Phase and Evaluation Phase. 
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4. Presentation and Analysis of the Results 

In this section, the results of a case study are presented, which was carried out at Sa-
piens Park, through the construction of a model for evaluating the project implementa-
tion phase, in the light of the Multicriteria Methodology for Constructivist Decision 
Aid—MCDA-C, following the steps presented in Section 3.2, specifically the Phases of 
Structuring and Evaluation. 

4.1. Structuring Phase 

Sapiens Park is a park of innovation in which one seeks to apply scientific and empiri-
cal knowledge in generating something new for society. The project incorporates con-
cepts and guidelines present in more daring and innovative projects in the world in this 
area, as the economy of experience, knowledge society, sustainable development, digital 
convergence and sciences and technologies, economic globalization and the adoption of 
a continuous cycle of innovation. The project is being implemented in the metropolitan 
region of Florianópolis, the capital of the state of Santa Catarina, in a total area of 
431.50 hectares [52] [53]. 

Structuring phase of MCDA-C Methodology provides for the identification of actors 
involved in the decision-making context, the problem label definition, the identification 
of the Primary Elements of Evaluation—PEEs, the construction of the Fundamental 
Points of View Family—FPVF and the preparation of descriptors. 

The decisions are usually the result of various interactions between individuals and 
groups of influences that are identified as authors. In the present study, people that 
acted as decision makers were the Executive Director of the Sapiens Park and the au-
thor of this research; the author and coauthors of this study were facilitators; the pro-
fessionals that work at Sapiens Park, government, companies, universities and society 
in general as the Acted [51]. 

The problem label highlights the wording of the investigated context and must contain 
the focus of work. It represents a fundamental step toward the construction of the model, 
within which the problem is outlined and focused on its main concerns. It was defined as 
a label “Evaluating the performance of the implementation phase of Sapiens Park.” [51]. 

The PEEs are made up of objectives, goals, values, actions, options and alternatives 
for decision-makers. All primary elements of evaluation that come in mind must be 
expressed so generate greater quality in the structuring of the multicriteria evaluation 
model [40]. 

After several interactions with decision makers, one hundred and fourteen PEEs 
were identified, whose cut out of the ten first is listed below (Table 3), containing the 
concepts (present pole and opposite pole). 

In the construction of FPVF (Fundamental Points of View Family) all PEEs are used, 
by a process of grouping the concepts of the same nature, adopting an up down motion. 
The concepts should be grouped together in areas of common ground and/or subareas 
representing equivalent strategic concerns that can be called “areas of concern”. The 
procedure of grouping has identified four areas of concern, as shown in Figure 2 [51]. 
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Table 3. Primary elements of evaluation—PEEs. 

No PEEs CONCEPT/PRESENT POLE CONCEPT/OPPOSITE POLE 

1 Park Infrastructure Having suitable physical structures Lack of suitable physical structures 

2 
Events involving art, culture and 

science 
To promote events involving art, culture and science 

To promote few events involving art, culture 
and science 

3 Sciencia Space 
Having reserved and marked spaces for universities in the 
park 

Demarcate few spaces delimited for housing 
universities 

4 Telecommunication Build the telecommunications system in the park 
Having low percentage of communication 
system construction. 

5 Squares Having squares designed and/or constructed 
Having low percentage of designed squares 
construction 

6 Sustainable lakes Having designed and constructed sustainable lakes 
Having low percentage of designed lakes 
construction 

7 Space for culture Having reserved and marked spaces for culture development Having a few reserved spaces for culture. 

8 Support for art and culture To encourage events of art and culture. 
Having few partnerships for performing arts 
and cultural events. 

9 Development of legal park projects 
Having total approval of the park (environmental and 
structural) by means of technical reports with positive 
evaluation 

Having few technical reports with evaluation. 

10 Cultural Centers Having spaces for the construction of cultural centers Few available spaces for cultural centers. 

Source: Developed by the authors, 2016. 
 

 
Source: Developed by the authors, 2016. 

Figure 2. FPVFs containing the areas of concern, subareas and related concepts. 
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From FPVFs the construction of descriptors is started, identifying what is most ap-
propriate to measure and, thus, build the ordinal scales that may measure the proper-
ties performance of established strategic objectives. A descriptor defines a set of levels 
of impact that serve as the basis for describing the possible performances of potential 
actions [40]. 

Were identified and structured 71 descriptors for evaluating the performance of the 
implementation phase of Sapiens Park. The amount of descriptions per Area of Con-
cern meets the following distribution: Structure-34; Assets-15; Clusters-12 and Actors- 
10. In Table 4, we can observe the structuring of the descriptor 1.1 Road System, linked 
to the Infrastructure subarea, Structure Area, of the evaluation model. 

It is observed in Table 1 that the descriptor was structured into five levels of impact, 
where Level 2 was referred to as “NEUTRAL” and Level 4 referred to as “GOOD”. The 
NEUTRAL level corresponds to the minimum acceptable performance and the GOOD 
performance corresponds to a proper performance that meets the expectations of deci-
sion-makers. The definition of these levels, as anchors levels, enables the additive ag-
gregation of the performance of each descriptor and/or area of concern [51]. 

To complete the construction of descriptors, an understanding of the implementa-
tion phase context of the Sapiens Park was developed, by means of seventy-one de-
scriptors, organized by means of nominal scales. For better understanding, Figure 3 
shows the Hierarchical Structure of Value and the construction of the first five descrip-
tors linked to the Infrastructure Subarea.  

4.2. Evaluation Phase 

Evaluation phase is intended to build a model of preference, transforming the ordinal 
scales into cardinal ones. To accomplish this transformation is required the participa-
tion of decision makers to define the attractiveness between the levels of each scale, 
through the use of MACBETH software. By its theoretical foundation, representative-
ness and practical recognition, this method has been the most used [12]. 

For the construction of the mathematical model it is necessary, in line with the 
MCDA-C, to establish value functions, replacement rates and its overall evaluation  

 
Table 4. Descriptor for FPV 1.1 road system. 

Descriptor: Road System 

Impact levels Reference levels Ordinal Scale 

N5  = e> 15 km 

N4 Good From 11 to 14 km. 

N3  From 6 to 10 km. 

N2 Neutral From 1 to 5 km 

N1  None 

Objective: Measure the amount of kilometers built of internal access roads of the park, covering 
earthworks, drainage, paving and complementary works that form the road system of the venture. 

Source: Prepared by the authors, 2016. 
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Source: Developed by the authors, 2014 

Figure 3. Cut out of five first descriptors of the Infrastructure subarea. 
 

formula. Then the model is operationalized by evaluating the current performance with 
its respective scores. MACBETH software (Measuring Attractiveness by a Cathegorical 
Based Evaluation Technique), makes use of semantic judgments, to identify the differ-
ence in attractiveness between two potential actions.  

During this process, the facilitator requests the decision-maker to indicate, for a cer-
tain descriptor, the attractiveness of going from a certain level x to another level y, opt-
ing for one of the semantic categories from the following scale: null, very weak, weak, 
moderate, strong, very strong, and extreme. This process is repeated for all the pairs of 
descriptor performance levels, resulting in a judgment matrix by means of the M- 
MACBETH software program. 

Once the matrix is complete, this method proposes a numeric scale that meets all the 
semantic conditions of the decision-maker, as well as the conditions required by a value 
function. In the MCDA-C, the value functions are anchored in the reference levels es-
tablished when the descriptors were constructed, receiving a score of 0 for the lower 
level (neutral) and 100 for the upper level (good). This procedure allows a clearer visua-
lization of performance at poor levels (below the lower reference level), at market level 
(between the two reference levels), and performance at an excellent level (above the 
upper reference level). 

Figure 4 shows the transformation of ordinal scales into cardinal ones to the de-  
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Source: Developed by the authors, 2016 

Figure 4. Transformation of ordinal scales of the descriptor 1.1.1 road system. 
 

scriptor 1.1-Road System. 
Completed the construction of value functions for each descriptor it goes to the defi-

nition of replacement rates which express the performance loss that a certain potential 
action must suffer in a criterion in order to compensate the performance gain in 
another one, from judgment of the decision makers. The substitution rates or compen-
sation are designed to obtain as much as each of the FPVs or EPVs contributes or poses 
to the global model. 

By means of a formula of additive aggregation, which consists in the weighted sum of 
the scores obtained in each criterion multiplied by the substitution rate, we have the 
global performance of the model, in this particular case the implementation phase per-
formance of the Sapiens Park. Figure 5 shows the impact profile (Status Quo) of Sa-
piens Partk implementation phase. 

It can be observed in Figure 5 that the status quo is evident for each FPV, i.e., for 
each subarea of concern. So the descriptors set performance of each FPV is consolidat-
ed in the performance of its own FPV. The overall performance of the implementation 
phase of the Sapiens Park reached 62 points, and the area of concern Assets with lower 
performance (9 points) and Structure with the best performance (29 points). 
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Source: Developed by the authors, 2014 

Figure 5. Performance profile of sapiens park implementation phase. 
 

From the performance results evidenced through the constructed model, it is concluded 
that the implementation phase of the Sapiens Park is overdue, a conclusion ratified by 
the managers of the venture from the reasons: i) difficulties in the environmental li-
censing process, with a view to adaptation to the Municipal Master Plan and the forma-
lization of the business condominium; and ii) the lack of funding source, especially af-
ter the 2008 global crisis that slowed investment both from the management organiza-
tion and the public and private sectors.  

The evaluation model built based on the MCDA-C methodology enables support 
managers in the analysis of implemented practices and the results achieved in the im-
plementation of Sapiens Park, providing subsidies to generate and prioritize actions 
that best meet the objectives of the venture.  

5. Final Considerations 

The main objective of this research consisted in developing a model for performance 
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evaluation of Sapiens Park implementation phase, based on the Multicriteria metho-
dology for Constructivist Decision Aid—t MCDA-C. The goal was to provide the con-
struction of an evaluation model containing four areas of concern, sixteen Fundamental 
Points of View and seventy-one descriptors.  

The operationalization of the model allowed us to demonstrate that the implementa-
tion phase performance of the Sapiens Park reached 62 points, and the Assets area of 
concern with lower performance (9 points) and Structure with the best performance 
(29 points). 

As results, it is worth mentioning: i) the adherence and robustness of the Methodol-
ogy MCDA-C in the construction of an evaluation model that incorporates the values 
and perceptions of decision-makers; ii) the implementation phase performance profile 
of the Sapiens Park highlights opportunities for improvement, allowing to support the 
venture managers in the process of decision making; iii) the construction of the model 
enabled the generation of knowledge facing the evaluated context, ensuring consistency 
and alignment with the theoretical affiliation used for purposes of this research. 

The decision maker’s participation in the whole process ensured that, on one hand, 
everything being developed corresponded with his perceptions and represented his 
values and preferences; on the other hand, his confidence in the created model helped 
him to use it in order to lay the foundation and add transparency to his management. 
He thereby felt more comfortable justifying his choices and showing how his process 
was developed. Thus, the use of the MCDA-C methodology as the research instrument 
is justified for confusing environments involving multiple actors, with conflicting and 
partially set objectives. 

As research limitations, there is the limited availability of the project managers’ time 
to act as decision makers in the context of MCDA-C Methodology and as suggestions 
for future research the proposition and monitoring of improvement actions of Sapiens 
Park implementation phase, from the evaluated performance. 
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