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Abstract: This paper proposes a model to evaluate business projects to get into an incubator, allow-
ing to rank them in order of selection priority. The model combines the Momentum method to build
prospective scenarios and the AHP-TOPSIS-2N Multiple Criteria Decision Making (MCDM) method
to rank the alternatives. Six business projects were evaluated to be incubated. The Momentum
method made it possible for us to create an initial core of criteria for the evaluation of incubation
projects. The AHP-TOPSIS-2N method supported the decision to choose the company to be incubated
by ranking the alternatives in order of relevance. Our evaluation model has improved the existing
models used by incubators. This model can be used and/or adapted by any incubator to evaluate
the business projects to be incubated. The set of criteria for the evaluation of incubation projects is
original and the use of prospective scenarios with an MCDM method to evaluate companies to be
incubated does not exist in the literature.

Keywords: business incubators; Multiple Criteria Decision Making (MCDM); prospective scenarios;
AHP-TOPSIS-2N

1. Introduction

Potential entrepreneurs seek in business incubators the necessary help to achieve
success in their ventures. One way to get into an incubator is through a process that
evaluates the business plan or project of the company or future business. According to [1]
(p- 227), “despite some differences, all incubators sought to identify the most promising
and innovative enterprises to support and stimulate the creation of new businesses”.
The importance of having a consistent methodology for ordering projects is emphasized
by [2].

Work on incubators has focused on performance and evaluation indicators of incu-
bated proposals and companies, but when evaluating a business or project plan, they do
not mention considering prospective scenarios in their evaluations. Thus, the following
question is presented: How to model the business plans or projects candidate for incubation,
considering prospective scenarios under a multicriteria approach?

We investigated how the terms “prospective scenarios,” “multicriteria” and “business
incubators” are related or not in the literature, searching for publications in the Scopus and
Web of Science databases, in December 2020. Table 1 shows the research strategies used
and the results found for title-abstract-keywords.
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Table 1. Strategies and results.

. Articles
Strategies

Scopus Web of Science

“prospective scenario” AND “business incubator”
“prospective scenario” AND “ multicriteria”
“business incubator” AND “ multicriteria”
“prospective scenario” AND “business incubator” AND
“multicriteria”

S = NO
S N U1 O

We found ten documents adding up the results of all strategies. Table 2 presents these
results, not counting the repeated documents.

Table 2. Documents in the Scopus and Web of Science databases.

Title Doc Type Reference Source

Dynamic Simulation of Forest
Management Normative

Scenarios: The Case of Timber Article 3] Futures
Plantations in Southern Chile

Economic-Energy-Environment

Analysis of Prospective Article 4] Applied Energy

Sugarcane Bioethanol
Production in Brazil

Prospective and participatory

integrated assessment of

agricultural systems from farm Article [5]
to regional scales: Comparison of

three modeling approaches

Journal of Environmental
Management

Modeling the potential benefits

of catch-crop introduction in Article [6] Science of the total

fodder crop rotations in a Environment
Western Europe landscape

The multicriteria incubator Conference 11th International
selection model by considering . [7] Conference on Industrial
. . - Proceedings

investor orientation Management
Environmental assessment of Journal of Life Cycle
future technologies: how to trim Article [8] Assessmenty
LCA to fit this goal

A Multidimensional Evaluation

of the Effectiveness of Business Environment and
Incubators: An Application of Article [9] Planning C: Politics and
the PROMETHEE Outranking Space

Method

As can be seen, the publications in the literature are still incipient, in addition to
being relatively recent, beginning in 2009. We found a gap in publications that include
the subjects of prospective scenarios, business incubators and multicriteria. In this paper,
we propose a set of criteria for evaluating proposals for incubation which represents a
starting point in the literature, filling the gap.

Three different scenarios were built and as a result we developed an evaluation
model that includes fifteen new criteria and prospective scenarios. The use of prospective
scenarios and Multiple Criteria Decision Making (MCDM) application made it possible to
sort by relevance the companies to be incubated, thus creating an unprecedented evaluating
model for incubation.
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Also, we identified that, when comparing the alternatives (companies to be incubated)
in the light of the established criteria, there was a strong compensatory characteristic in the
data analysis. Therefore, among the various MCDM methods available, in this article we
chose to apply the AHP-TOPSIS-2N method, because it is a compensatory model, with the
advantage of generating two orders with the same data, providing a sensitivity analysis of
the result. The method combines a concept of hierarchy with weights associated with the
concept of checking how much an alternative is closer and farther from an ideal alternative.

In light of these considerations, this paper aims to develop a model to evaluate busi-
ness projects to get into an incubator. This model combines prospective scenarios with a
multicriteria method to rank the alternatives. We applied the Method Unified for Strategic
Prospective Planning (Momentum), proposed by [10], with the AHP-TOPSIS-2N [11], a hy-
brid MCDM method composed by the Analytic Hierarchy Process (AHP), Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS) and two normalization proce-
dures (2N).

This introduction describes the objectives of the research. Section 2 presents the
background. Section 3 provides the materials and methods, while Section 4 presents the
methodology applied in the study. Section 5 presents the results and Section 6 concludes
the research.

2. Background

The high mortality rate of companies of different branches in the first years of life
has been discussed in the academic environment, especially the small and medium ones.
In this context, the incubators of companies are inserted, which has the purpose of helping
these new companies to enter the market, through an aid called consulting.

The incubation process is called the period in which the company stays inside the
incubator receiving assistance, accompanied by the team that works to organize it man-
agerially, and with that improve their chances of success and permanence, as well as good
performance in the market [12].

Business incubators have several consultancies in specific areas, and also perform
periodic performance evaluations in their incubated companies, using other resources
and indicators. According to [13], the good performance of the incubators is considered a
critical factor because it can increase the companies’ chance of survival. Besides, “the extent
and importance of firm activity during incubation period are also revealed by the records
of inter-firm alliances and acquisitions” [14] (p. 573).

The objective of evaluating the performance of an incubated company goes beyond
knowing its results. Besides, it is necessary to improve the incubation practices and the
way to identify actions of continuous improvement in the management.

In a competitive and dynamic market, evaluating performance becomes increasingly
necessary in the search for organizational efficiency. Contemporary society is facing a
critical scenario due to the adoption of unsustainable development models [15].

It is considered of great importance to identify a method for evaluate the incubated
companies, and especially the candidate companies for incubation. That is, what incubators
consider important when evaluating a project or business plan of a company hiring the
candidate. What criteria and/or alternatives are considered for evaluating proposals?

In addition to these issues, common to companies hiring candidates, it should be
noted that the scenario in which these new companies will be inserted has dynamic and
unstable characteristics. In this context, considering prospective scenarios as one of the
items of the evaluation of the hatching proposals becomes of extreme importance to guide
the present, aiming to obtain possible and desirable futures.

The methodology of prospective scenarios can be used in any situation of uncertainty
since its objective is to identify early warning signals, to evaluate the robustness of the
organization’s key competencies, to generate better strategic options, and evaluate the
risk/return of each option [16].
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Also, regarding the method of evaluation of this proposal, it is important to know
what tools the incubators use to aid the decision. One of the most effective ways is to use
the already widespread MCDM methods.

For [17], in the life of organizations, the complex decision problems that belong to their
managerial body are innumerable, considering that most real situations are characterized
by the existence of several goals to be achieved. Economic, industrial, financial, political or
social problems are part of this approach. When the choice of certain alternatives depends
on the analysis of different points of view, called criteria, the decision problem is considered
a multicriteria problem.

MCDM has a focus used as the central element of decision analysis. As such, it makes
use of information about the problem (in this case, the evaluation instrument of the
proposal), having as the main characteristic the analysis of several alternatives or actions,
under various points of view or criteria. To make this analysis, decisions (managers
of incubators and/or consultants) often must compare the alternatives present in the
decision-making process [17]. MCDM proposes to clarify the problem and attempt to
provide answers to the issues raised in a decision-making process, according to clearly
defined models.

Pereira et al. [18] state that the adoption of a combination of methodologies, such as
the proposal of this article, enables the identification of the variables and a rational analysis
of the information. The academic literature contains many applications combining the
AHP and TOPSIS methods, such as [19-21]. The modeling presented in this paper includes,
in addition to the hybrid modeling composed of the two methods, two normalizations
of the results, presenting a richer and more robust sensitivity analysis, which provides
security, transparency and simplicity to the decision-making process [22].

3. Materials and Methods
3.1. Momentum Method

In this paper, we applied the Momentum method, elaborated by [10], to build scenarios.
Momentum aggregates the main concepts of the methods found in the literature and
includes the use of multicriteria methods for strategic decisions. The method is developed,
considering the following steps:

System overview;

Mapping of relevant actors;

Identification of variables;

SWOT analysis;

Elucidation of uncertainties;

Selection of relevant variables;

Definition of key indicators;

Definition of the scenarios;

Definition of criteria;

Elicitation of alternatives;

Definition of the weights for each criterion of all the scenarios;
Evaluation of the alternatives from the point of view of each criterion;
Application of the classification algorithm for the collected data.

PN A LN

[
PN =O

This method has been adapted to our research problem. We follow all these steps;
however, we propose a new combination: Momentum with AHP-TOPSIS-2N. For model
validation, we applied it to a real problem to select the companies to be incubated. Also,
the weights of each criterion were established by incubator managers.

3.2. The AHP-TOPSIS-2N Method

The decision-making process generally involves a choice between several alternatives.
The feasible alternatives of meeting the objective, and selected for evaluation, are compared
according to criteria and under the influence of attributes [23]. The MCDM methods are
very useful to support the decision-making process in these cases, because they consider
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value judgments and not only technical issues, to evaluate alternatives to solve real prob-
lems, presenting a highly multidisciplinary [24]. The MCDM methods have been employed
to support the decision-making process in several recent complex problems, as presented
in [25-30].

The AHP-TOPSIS-2N hybrid method, initially proposed by [11], consists of two
MCDM techniques that are usually adopted in complex scenarios, characterized by multiple
and conflicting objectives: the AHP and TOPSIS methods. To understand the method, it is
necessary a prior understanding of the two techniques that compose it.

The AHP method, developed by [31], is a quantitative MCDM technique for prob-
lems, being one of the most used worldwide, due to its ease and because it is intuitive.
The method is applied to obtain the weights of the criteria, through pairwise comparisons
based on the Saaty fundamental scale (Table 3).

Table 3. Saaty fundamental scale.

Degree of Importance Definition Explanation
. The two activities contribute
1 Equal importance
equally to the goal
Experience and judgment
3 Moderate importance slightly favor one activity over
another
Experience and judgment
5 Strong importance strongly favor one activity

over another

One activity is strongly
favored over another; element
is very dominant as shown in
practice

The evidence is in favor of one
9 Extremely important activity over another, to the
greatest extent possible

They are used to express
preferences that are between
the values of the above scale

7 Very strong importance

Intermediate values between

2,4,6,8 two judgements

One of the advantages of the AHP method is the possibility to identify the inconsis-
tencies of decision-makers (DM). A Consistency Ratio (CR) less than 0.10 is considered
acceptable, while a CR greater than 0.10 generates the need for the decision-taker to make
assessments or judgments again [32].

The TOPSIS method, presented by [33], orders the alternatives according to the prox-
imity of the Positive Ideal Solution (PIS). The best alternative is the one that is closer to
the PIS and the farthest from the Negative Ideal Solution (NIS). TOPSIS is a method that,
after being applied in solving problems of the multicriteria type, results in an ordering of
the existing alternatives. This ordering is based on the idea that the best alternative should
be the one that presents minimum distance to the ideal solution “PIS” and maximum
distance to the solution anti-ideal or “NIS”. The method aims to generate a decreasing
ordering of the coefficients of the calculated distances. This coefficient is known in the
literature as relative proximity. Several decision problems can be solved with TOPSIS,
being these of the only type decider or decision in group [34].

TOPSIS can be approached individually, based on precise input data previously
determined by the DM, as well as with other methods in the literature. In situations where
the lack of information is present in the problems, TOPSIS should be integrated with other
approaches to its application [34].

For the application of the AHP-TOPSIS-2N method, Souza et al. [11] defined nine
steps, described below:
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1.  Establishment of the Decision Matrix, expressing the score of each alternative in each
criterion analyzed;

2. Preparation of the Weighting Matrix, using the Saaty fundamental scale (Table 3), by
evaluating alongside each criterion;

3. By applying the AHP method, the weights of each criterion are obtained. The im-
portance of calculating CR should be less than 0.1 to ensure the consistency of the
analysis;

4. Obtaining the standard decision matrix: The four standardization procedures most
used in the literature are described by [11] as explained below:

e Standardization procedure Ny: by using the maximum value of the scores (1).

Xii

= wherei=1,...,m;and, j=1,..., n. 1
PZ] maXX,']' J ( )
e Standardization procedure Nj: by using the ratio between the difference of the
scores and the minimum value of the scores, and the difference between the
maximum value and the minimum value of the scores (2).
xl‘]‘ — minxij

pij = , wherei=1,..., m;and, j=1,..., n. (2)

maxy;j — minx;;
e  Standardization procedure Nj: by using the sum of the scores (3).

i
pij:%,whereizl,...,m;and,jzl,...,n. 3)
i=0 Xij

e  Normalization procedure Ny: by using the square root of the sum of the squares
of the scores (4).

_ N
pij = —~ >
\/ Xizo Xij

We emphasize that, in this study, all four normalization procedures mentioned were
tested, but only two of them had consistent results in terms of the order of alterna-
tives. As such, the AHP-TOPSIS-2N method considers the normalization procedures
N; (Equation (2)) and N4 (Equation (4)). Normalizations N; and N3 gave many discrepant
results, corroborating with the results obtained by [11], who identified the most appropriate
normalizations to the hybrid methodology.

, wherei=1,..., m;and, j=1,..., n. (4)

5. Construction of the Weighted Standard Decision Matrix: weighted matrices are
obtained by multiplying the weights calculated in step I by the normalized matrices:
6.  Obtaining the PIS (A+) and NIS (A—) (5):

At ={pfps,..oeht AT ={pi.ps, - Pm} ()

It is important to note that, for criteria of the cost type, the PIS will be the smallest
module value, and the NIS will be the value of the highest absolute value (6).

AT ={prpy,opmti AT ={pps, 00 )

7. Calculation of the Euclidean distances of each of the alternatives to PIS (D+) and NIS
(D—) (7) and (8):
n 2
Dt = | Y w (d;]f) @)

=
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®)
where d;; = P." — Py, withi=1,..., m.ed;; = P Py, withi=1,..., m.
8.  Calculation of proximity to the ideal alternative (8):
C= ot ©
- D +D;

9.  Ordering preferences.

4. Results
4.1. Step 1—System Overview

The concept of incubation seeks an effective means of linking the capital, technol-
ogy and know-how to leverage entrepreneurial talent, accelerate the development of new
enterprises and thus the speed of technology exploitation. Incubators assist emerging
companies by providing a variety of support services such as assistance in business devel-
opment and marketing planning, construction of management teams, raising capital and
access to several other more specialized services [35]. In this way, the incubated companies
enjoy all the necessary infrastructure for their development so that, when competing in the
market, they have the necessary knowledge and experience to an emerging company [36].

According to [37], the strongest upward curve in the growth path of incubated com-
panies is mainly due to four factors: (i) the development of credibility; (ii) shortening
the learning curve of the entrepreneurs; (iii) faster problem solving; and (iv) access to a
network of entrepreneurial relationships.

It can be said that companies that undergo incubation programs are better able to
survive in the high competition market since, in qualifying entrepreneurs and enterprises,
the graduated companies (which have already gone through the incubation process) have
competitive differentials that provide greater survival capacity over time. Incubator man-
agers point out that access to knowledge, mentoring, technology and management skills
form the most successful entrepreneurs and companies [37].

4.2. Step 2—Mapping of Relevant Actors

The main actors of the system under analysis are the stakeholders who participate
and maintain links with the incubator and the incubated companies. Table 4 shows the
main stakeholders and their respective influences and expectations about the system.

Table 4. Main stakeholders.

Stakeholders Description
Incubator

Entities and regulatory companies SEBRAE
ANPROTEC
Technology Sources

Universities Search sources

Brands and patents

Government Development News

Community Involvement to Promote

Local community Entrepreneurship

Partnerships with the private sector in the
areas of mentoring (marketing /mentoring)
and marketing Accelerators

Investor angels

“Mentors”
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4.3. Step 3—Identification of Variables

We identified the variables of the system (business incubation), considering the litera-
ture review and steps 1 and 2 of the Momentum method:

V1—Economic/political crisis;

V,—Access to specific edicts for development;

V3—Exchange variation;

V4—Access to specific credit sources/partnerships;

Vs—Initial financial investment;

V¢—Strategic relations with universities and research sources;
V;—Patent development;

Vg—Incentives from agencies like SEBRAE and ANPROTEC;
Vo—Number of clients;

Vio—Infrastructure and quality services offered by the incubator.

4.4. Step 4—SWOT Analysis

The SWOT matrix is the general analysis of the internal environment (strengths and
weaknesses) and the external environment (opportunities and threats) of an organization.
Based on the knowledge about incubated companies, a SWOT matrix was a framework for
a better understanding to allow the formulation of possible strategies.

Table 5 does not represent the SWOT matrix of a specific company, but rather, in gen-
eral, the main strengths, weaknesses, opportunities and threats that any incubated company
may have. From the analysis made, it can be said that, when a company becomes incubated,
it starts to have opportunities

Table 5. SWOT matrix.

Strengths (S) Weaknesses (W)
# —  Entrepreneurial, financial, marketing,
‘8 technological and management
= assistance from the incubator. — Little expertise of the members
< — Infrastructure and quality services L 1 :
c . —  Low initial financial investment.
5 offered by the incubator.
E —  Professional networking at local,

national and global levels.

Opportunities (0) Threats (T)
¢ — Strategic relations with universitiesand Economic/political crisis
2 research sources. . poutic .
2 —  Cutting of specific notices for
& — Patent development. development
'c;u —  Incentives from agencies like SEBRAE _ Exchar? o Var.ia tion
& and ANPROTEC. 5 :
¥ —  Access to specific promotion bids —  Regulatory changes.
M ’ — Inexistence or a low number of clients.

—  Access to specific credit sources.

4.5. Step 5—Elucidation of Uncertainties

The uncertainties and their variables are divided into economic, partnerships and
structural, as distributed in Table 6.
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Table 6. Uncertainties and variables.

Uncertainties # Variables

Vi Economic/political crisis
V, Access to specific edicts for development

Economic V3 Exchange variation
Vy Access to specific credit sources/partnerships
Vs Initial financial investment
Ve Strategic relations with universities and research sources

Partnership \% Patent development

Vs Incentives from agencies like SEBRAE and ANPROTEC

Structural Vg Number of clients

ructura Vio Infrastructure and quality services offered by the incubator

4.6. Step 6—Selection of Relevant Variables

After identifying the main uncertainties that may influence the future of the sector,
the next step is to analyze the relationship between the variables, to identify the impact
and dependency of each one, through a cross-impact matrix (Tables 7 and 8).

Table 7. Cross-impact matrix.

% Vi V, V3 V, Vs Ve V, Vs Ve, Vi T
2 -2 3 -3 -2 -1 2 -3 2 -1 -19
V, 0 0 1 3 3 3 2 0 2 14
Vs 0 0 -1 -2 -1 -1 -1 -1 -1 -8
Vs 0 0 0 3 3 3 1 2 3 15
Vs 0 0 0 0 2 1 0 1 0 4
Ve 0 -1 0 0 0 3 2 1 1 6
v, 0 0 0 1 0 2 1 1 1 6
Vs 1 2 0 3 1 2 3 2 3 17
Vo 0 0 0 2 1 1 0 0 0 4
V1o 0 1 0 3 0 3 1 2 1 11
T 1 0 -3 6 1 14 11 1 5 8 50

Table 8. Assessment scale.

Degree Description

-3 Large negative impact
-2 Average negative impact
-1 Small negative impact

0 No impact

1 Small positive impact

2 Average positive impact
3 Large positive impact

We obtain the impact value and the dependency for each variable, from the algebraic
sum of the rows and columns of the matrix and then we calculate the average impact and
dependency, considering absolute values (Table 9).
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Table 9. Impact and dependency values for each variable.

Variable Impact Dependency
Vi -19 1
V, 14 0
V3 -8 -3
V4 15 6
Vs 4 4
Vs 6 14
Vy 6 11
Vs 17 4
Vo 4 5
Vo 11 8

Average 10.4 5.6

We draw a graph, using the averages of impact and dependency to define the quad-
rants and then we distribute the values for each variable (Figure 1).

Quadrant A Quadrant B
® V6
2
=
= ® V7
g
= Quadrant D Quadrant C
= e VIO
® V4
® V9
® V5 ® V8
® V3
e V1
o V2
Impact

Figure 1. Selection of relevant variables.

According to [10], the large groups of variables are described as follows:

Quadrant A—Influential variables: very influential and little dependent;
Quadrant B—Support variables: very influential and highly dependent;
Quadrant C—Dependent variables: very dependent and not influential;
Quadrant D—Independent variables: poorly influential and poorly dependent.

The variables in quadrant D (V3, V5 and Vg), when compared to the others, are con-
sidered less relevant, so these variables must be excluded. However, the variable Vi,
was included in this study because, among the four variables in quadrant D, it is the one
closest to quadrant C. Besides, the theme “Infrastructure and quality services offered by
the incubator” was considered very relevant due to the analysis of the variables that could
be excluded. Therefore, the relevant variables for this study are:
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V1—Economic/political crisis
Vy—Access to specific edicts for development

V4—Access to specific credit sources/partnerships
V¢—Strategic relations with universities and research sources
Vy—Patent development
Vg—Incentives from agencies like SEBRAE and ANPROTEC
Vip—Infrastructure and quality services offered by the incubator

4.7. Steps 7 and 8—Definition of Key Indicators and Definition of Scenarios

The variables V4, V7 and Vg will also be used as indicators. As it was not possible to
obtain the historical series of each variable, the scenarios were defined through morpho-
logical analysis of variables. It is worth mentioning the application of such technique to
explore all possible solutions to a multidimensional and non-quantifiable problem that
has been used by several researchers in the area of future scenarios [38-40]. As a result,
three scenarios were built (Table 10), using morphological analysis and considering a
five-year horizon.

Table 10. Morphological analysis and scenario building.

#  Variables Trend Optimist Pessimist
Economic/political ~ Economic/political ImprOV?ment - Increase'd .
Vi . L. ; economics and economic/ political
crisis crisis remains .. ..
politics crisis
i . Increase in the . o
Access to specific Maintenance of o Cut in specific
. P number of specific .
V, Dbids for specific bids for bids for notices of
development development development
development
Access to specific Maintenance of New Extinction of specific
V3 credit credit sources and sources/partnerships credit
sources/partnerships partnerships for specific credits sources/ partnerships
Strategic relations Staying in strategic Restrictions on
. . i . . Increased access to
with universities relations with . L. access to
Vs . L. universities and . .
and research universities and . universities and
laboratories
sources. research sources research sources
Access to patent Increased
Development of P Increased access to ~ bureaucracy and
\'%: development .
patents patent development  delays in patent
belongs
development
Incentives from Maintenance of . . Reduction of the
Increased incentives . .
v, organs such as SEBRAE and for SEBRAE and incentives of
8 SEBRAE and ANPROTEC ANPROTEC SEBRAE and
ANPROTEC support ANPROTEC
Increase in the
Infrastructure and . . .
uality services Services and number of services Decreased services
Vyo MY infrastructure and advisory offered by the
offered by the . . .
) remain services offered by incubator
incubator

the incubator

5. Application of AHP-TOPSIS-2N Method
5.1. Steps 9, 10 and 11—Definition of Criteria, Elicitation of Alternatives and Definition of
Weights for Each Criterion of all the Scenarios
The criteria for evaluating the alternatives were defined based on the study by [41]
and the doctoral research by [42], which analyzed the public notices for the selection of
companies to be incubated by mixed incubators (Table 11).
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Table 11. Criteria for evaluation [43].

Criteria

. Technical and Economic Feasibility of the Project
. Potential of the interaction of research activities

. Technological content

. Innovative Content

. Sustainability

. Ability to generate and attract resources

. Relevance of the problem to be solved

. Marketing Feasibility

. Management Feasibility

. Current stage of product or process development.
. Creativity and originality

. Correct filling and clarity of the proposal

. Public policy

. Relationship with local government

. Formed relationship network (Networking)

The alternatives are the six companies to be incubated, named Aj, Ay, Az, A4, A5 and

Ag. To obtain the weight of each criterion, the pairwise comparison is made alongside
the criteria, through the AHP method, by the DM, who, after consensus, evaluated the
scores, observing the Saaty fundamental scale. Table 12 illustrates the pairwise comparison
between the criteria for the trend scenario.

Table 12. Pairwise comparison matrix.

G G G ¢ G G C C G Cp Cip Cp Gz Cu G
Cy 1 3 1/3 2 2 1/2 2 4 2 5 2 4 4 2 2
C, 1/3 1 1/2 3 2 1 1/3 1/2 1/3 1/2 2 2 2 2 2
Cs 3 2 1 1 2 1/2  1/2 2 2 2 3 4 3 2 3
Cy 1/2 1/3 1 1 2 1 1 1 3 2 2 3 3 4 2
Cs 1/2 1/2 1/2 1/2 1 1/2 1/3 1/2 1/2 2 1 1/3 4 3 4
Ce 2 1 2 1 2 1 3 3 2 2 1 1 3 2 2
Cy 1/2 3 2 1 3 1/3 1 2 4 3 1 1 3 2 2
Cs 1/4 2 1/2 1 2 1/3  1/2 1 2 3 2 1/2 2 2 1
Cy 1/2 3 1/2 1/3 2 1/2 1/4 1/2 1 2 1/3 1/3 1 1 1/2
Cyo 1/5 2 1/2 1/2 1/2 1/2 1/3 1/3 1/2 1 1/2 1/3 1/3 2 2
Cn1 1/2 1/2 1/3 1/2 1 1 1 1/2 3 2 1 2 2 2 1
Cia 1/4 1/2 1/4 1/3 3 1 1 2 3 3 1/2 1 3 2 1/3
Cy3 1/4 1/2 1/3 1/3 1/4 1/3 1/3 1/2 1 3 1/2 1/3 1 2 2
Cyg 1/2 1/2 1/2 1/4 1/3 1/2 1/2 1/2 1 1/2 1/2 1/2 1/2 1 3
Cys 1/2 1/2 1/3 1/2 1/4 1/2 1/2 1 2 1/2 1 3 1/2 1/3 1

The obtained CR value was 0.0789, which is lower than the minimum acceptable value

of 0.1. Therefore, the values of the weights obtained after the analysis of the DM can be
considered consistent. The pairwise comparison was made to all analyzed scenarios (trend,
optimistic and pessimistic), presenting CR lower than 0.1. Table 13 shows the weights of
the criteria for each scenario analyzed.
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Table 13. Weights of criteria.

Criteria Weight

Trend Optimist Pessimist
G Technical and Economic Feasibility of the Project 0.1135 0.1007903 0.058824
C, Potential of interaction of research activities 0.0681 0.0604742 0.050074
Cs Technological content 0.1046 0.092887 0.076912
Cy Innovative Content 0.0845 0.1065625 0.066176
Cs Sustainability 0.0549 0.0799219 0.029412
Ce Ability to generate and attract resources 0.1034 0.1411065 0.080882
Cy Relevance of the problem to be solved 0.0918 0.0815203 0.0675
Cs Marketing Feasibility 0.0614 0.0545245 0.045147
Co Management Feasibility 0.0444 0.0394281 0.044118
Cio  Current stage of product or process development. 0.0374 0.033212 0.051471
Cnn Creativity and originality 0.0582 0.0516828 0.066176
Ciz Correct filling and clarity of the proposal 0.0641 0.0569221 0.047132
Ciz Public policy 0.0365 0.0324128 0.125
Cis Relationship with local government 0.0352 0.0312583 0.102941
Cis Formed relationship network (Networking) 0.042 0.0372969 0.088235

Analyzing the weights of the criteria, we observed that the variations in the values are
quite considerable because each scenario provides different priorities and variables to be
considered by DM in the elicitation of weights through pairwise comparison. In general,
in the trend and optimist scenarios, the criteria C;, C3, C¢ and Cy were more important,
mainly because they are more related to the business capacity of each company.

In the pessimistic scenario, the Criteria C;3, Cy4 and Cy5 stand out, because, in a
pessimistic scenario of crisis, external and network political factors are essential for the
success of the enterprises.

5.2. Step 12—Ewvaluation of the Alternatives from the Point of View of Each Criterion

The six alternatives (companies to be incubated) were evaluated by the consultants
of the business incubator (Incubator X). For each criterion a score of 1 to 5 was defined,
following the scale:

Does not meet;
Partially meets;
Meets;

Partially exceeds,
Exceeds.

SRR e

Table 14 presents the scores defined by the consultants for each criterion.

Table 14. Scoring of alternatives for each criterion of Incubator X.

Alf:;;eexrtli://e s C G G C C C C Cg Cg Cp Cpux Cip Gz Ciy GCys
Aq 5 5 5 3 3 5 1 3 2 2 3 2 2 2 2
A, 5 1 1 1 1 4 3 1 1 1 5 5 5 1 5
Aj 5 4 5 4 3 3 5 5 3 2 1 2 1 1 1
Ay 3 4 3 3 2 4 4 4 14 4 1 3 3 3 2
As 5 3 5 3 4 5 4 3 5 4 4 5 5 1 3
Ag 2 2 4 2 5 5 3 3 3 5 4 3 1 4 2

5.3. Step 13—Ordering the Alternatives in Each Scenario

We applied the AHP-TOPSIS 2N method, considering the three scenarios. To obtain
D+, D— and score (C) values, we applied Equations (7)—(9) respectively. In the trend
scenario, the companies were ordered as demonstrated in Table 15.
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Table 15. Ordering trend scenario.
Scenario 1: Trend
Normalization N, Normalization Ny
Alternative D+ D- Score Alternative D+ D- Score
As 0.0368 0.0879 0.7046 As 0.0748 0.2383 0.7611
Aj 0.0591 0.0876 0.5969 Aq 0.1416 0.2131 0.6007
Aq 0.0645 0.0743 0.5354 Aj 0.1576 0.217 0.5793
Ay 0.0575 0.0645 0.5284 Ag 0.1651 0.172 0.5103
Ag 0.0635 0.0658 0.5087 Ay 0.1468 0.1517 0.5081
A, 0.0864 0.0614 0.4156 A, 0.1972 0.1681 0.4602

Company As had a better evaluation, with similar results in the two normalizations;
we emphasize the scores obtained by this alternative, with a considerable relative difference
for the other companies in the two normalizations. Company A, received the worst
evaluations. The other alternatives presented variations in their ordering in both scenarios.

Applying the same procedure for calculating the scores, we obtain the Optimist and
pessimist scenarios ordering (Table 16).

Table 16. Optimist and pessimist scenarios ordering.

Scenario 2: Optimist Scenario 3: Pessimist
Normalization N, Normalization Ny Normalization N, Normalization Ny
As 0.6806 As 0.7214 As 0.7206 As 0.6914
Ay 0.6169 Aq 0.6207 Aq 0.6367 Az 0.6007
Ag 0.555 Ag 0.5323 Ay 0.5757 Ay 0.5513
Aq 0.504 Az 0.5203 Aj 0.5245 Ag 0.5403
Az 0.4887 Ay 0.5011 Ag 0.4982 Aq 0.5311
Ay 0.4156 Ay 0.4502 Ay 0.4356 Ay 0.4802

In the optimist scenario, company A, was also ranked first, but with a smaller relative
difference for the other alternatives. In the same way, as in scenario 1, the alternative A,
obtained the worst performance and the other ones presented great variations in scores
and ordering. The result of the pessimistic scenario corroborates those of the optimistic
and trend scenarios, where company As is the best classified and A, had the worst results.

Based on these results, we can cluster the alternatives in the following groups:

Group: 1 alternative As;
Group 2: alternatives A1, A3, A4 and Ag;
Group 3: alternative A,.

Analyzing the groups, it is observed that the Ajs alternative can be selected as the
company to be incubated, because it obtained the best ordering in both normalizations
for all scenarios analyzed. We emphasize that each scenario presented a distribution of
weights of the criteria, which makes the selection of this alternative as the best solution to
the proposed problem.

Analyzing the results obtained, the alternative A5 presented the best classifications in
both standardization processes because it had the best performances in six of the fifteen
criteria, including those with the highest weights after analysis by the DM. On the other
hand, alternative Ay, which obtained the worst ordering, presented the worst performance
in eight of the fifteen criteria.

Besides, the fact that we analyzed three scenarios (with different weights of criteria
for each situation), combined with the two normalizations of the AHP-TOPSIS-2N method
provides richer and more robust sensitivity analysis, allowing us to observe the behavior of
alternatives in both scenarios. This characteristic gives more transparency to the decision-
making process about a complex problem, such as the object of this research.
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It must be highlighted that the final ranking depends on the number of vacancies
offered by each business incubator. AHP-TOPSIS 2N always allows DM to go back to
previous steps to review key information, perform sensitivity analyzes, assess the impact
of project weights and scores, and adjust scales; until it reaches the proper stability for the
application of the method.

6. Conclusions

Increasingly, the role of business incubators has become essential for generating new
business. Works related to the theme must be developed to improve or create methods
that help them or improve their performance. We did not find in the literature any study
that uses prospective scenarios with a multicriteria method to evaluate companies to be
incubated.

In this sense, this research proposed a model to evaluate the business project of
companies that are candidates for incubation, considering prospective scenarios and the
AHP-TOPSIS-2N MCDM method to rank the companies to be incubated. This proposed
algorithm presented robust and reliable results, with a sensitivity analysis of the results in
various scenarios, with the selection of the Alternative As as the company to be incubated.

The AHP-TOPSIS-2N method proved to be efficient for the proposed analysis, en-
abling the achievement of the criteria weights, in addition to the robustness generated by
the proximity analysis of the Positive Ideal Solution.

The proposed criteria and the ranking method are an attempt to improve the existing
models used by the incubators. Therefore, we include scenario analysis to create an initial
core of criteria and a hybrid MCDM method for evaluating incubation projects.

The prospective scenarios study, through the application of the Momentum method,
provided a detailed study of the uncertainties and variables that impact the future of the
company, helping to reduce uncertainties, presenting possible actions to increase efficiency
and effectiveness in the processes. The hybrid methodology—Momentum and AHP-
TOPSIS-2N—proved to be very effective, because, in addition to defining several analysis
scenarios, it provided support for strategic decision-making.

The strategic study, carried out through the application of tools such as the SWOT
matrix, stakeholder analysis and cross-impact matrix, provided a simple and transparent
understanding of the internal and external variables that influence the company’s processes.

Given the above, it is clear that the prospective scenarios combined with MCDM
methods can increase the quality of the decision-making process, because, as evidenced in
the case study, this hybrid methodology offers a well-structured analysis of criteria and
alternatives, contributing to a more transparent, robust and reliable decision-making.

We hope that our model can assist incubator managers in this process. We highlight
that our model can be used and/or adapted to solve the most diverse real problems of
daily life, being a very useful method to support high-level decision-making in operational,
tactical and strategic problems.
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