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Abstract. This paper is intended to serve as a support for decision in inno-
vation management from the Et Logic. We intend to propose a new method for
innovation management, based on technical and operational criteria in order to
make decisions can be not only reliable but also operationally efficient. This
research presents results that can serve to innovation managers.
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1 Introduction

Many companies claim to be innovative, creative and be ahead of your competitors,
despite the fact that they are not using appropriate metrics and methods to innovative
processes and results.

The model for this purpose is built through an approach of Paraconsistent Logic
Annotated Evidential Et (Et Logic), a technique that is gaining space and considera-
tion in the various fields of research.

The main advantages of the use of Et Logic derived from one of the input
parameters are set by the thought of evaluator’s structure, consolidating a collective
logic translated into mathematical terms.

De Bes and Kotler [1] claim that “without innovation companies end up.” Inno-
vation is the development and introduction of a new idea, making it a process, product
or service. O’Sullivan [2], states that: “Innovation is the process by which the pro-
ductive resources are developed and used to generate higher quality and/or lower cost
products compared to the current available”. According to Tidd and Bessant [3],
innovation “is more than just having good ideas is the process of growing them”.

1.1 Innovation

Sinsit [4], he distinguishes invention of innovation as follows: “invention is the cre-
ation of a new idea or concept. While innovation transforms the new concept in
commercial success or general use. Ronan [5], explains innovation as “profitable
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implementation of strategic creativity and which comprises four main components
(1) creativity, (2) strategy (3) implementation and (4) profit”.

Innovation is both a strategic factor for companies willing to remain competitive in
the long term [6] and [7], as one of the least known aspects of business as states
Takeuchi e Nonaka [8]. Due to increased competition, changes in demand and cus-
tomer tastes, it seems extremely important for companies to manage innovation in a fast
and flexible way in order to beat the competition and achieve a sustainable competitive
advantage.

The scope of the innovation can be incremental or disruption [9]: “Incremental:
typically performed to improve a product or service with a new feature that is easily
integrated; and radical: usually associated with disruption for new steps and unpre-
dictable uses for existing technology.” Still according to Vacek [9], the common places
of innovation are product, process, structure and market.

1.2 Innovation Models

Many companies claim to be innovative, creative and be ahead of their competitors,
despite the fact that they are not using appropriate metrics and methods to innovative
processes and results. “Innovation is a disorderly process: difficult to measure and
difficult to manage [1].”

However, states that innovation is an art, not a science and it is therefore not
possible to predict the success of an innovation until it is accepted by the respective
market [10]. Since the 1950s there has been a proliferation of innovation models, each
with the purpose of guiding the innovation process within companies, as summarized
in Table 1.

Table 1. Development of innovation models (adapted from Hobday [11])

Model Generation Feature

Technological | 1* (1950-1960) | Emphasis on R&D. Innovation R&D
Market 2% (1960-1970) | Market is the source of new ideas for R&D
Coupled 3% (1970-1980) | Feedback link between market and R&D
Interactive 4% (1980-1990) | Emphasis in marketing and R&D

Network 5% (1990-2000) | Knowledge and systems integration

Open 6* (2000—current) | Combined ideas for innovation

For each step, there are several tools and techniques that can be selected based on
company structure, the target market or type of products or services. The
decision-making method in Innovation Management is established not as a process of
innovation, but through the interaction between six distinct phases: identification,
intelligence, idealization, instrumentation, implementation and indicators. These
phrases have been identified in the A-F models [1], who claim: “This model results
from analysis of various companies that are consider innovative and have good results
concerning the time and resources invested in innovation: Apple, Google, Netflix, 3 M,
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Procter & Gamble, General Electric, BMW, Frito Lay, IBM, Toyota, Southwest Air-
lines, Starbucks, Microsoft, Tesco, Royal Dutch/Shell, Walmart, Exxon, Tkea, Ericsson,
Nokia and Corning were the main companies studied”.

1.3 Er Logical

The Et logical allows to treat subjective data from the real worldinto accurate data with
numerical outputs [12]. One of its advantages is to perform the translation of natural
language (linguistic terms) used in daily communication in mathematical expressions.
This is achieved by means of crosslinked annotation properties.

De Carvalho and Abe [13], states that: “In Et logical logical every p prepoitio
associates, n commom sense, a pair (p, 1), represented by Greek letters mi (1) and
lambda (M), depicted in the following manner: p(j; A) pnd A varies in the real closed
interval [0, 1]. Therefore, the pair p; A belongs to the Cartesian product [0, 1] x [0, 1].
Intuitively, p represents the degree of favorable evidence expressed in p, nd A, the
degree of contrary evidence expressed by p. The pair (u, A) It is called annotation
constant or simply note. The atomic propositions of Et logical are p(u,\) type”.

The advantages in the development of paraconsistent systems are: how quickly the
building of system is carried out in relation to models based on logic “fuzzy” (common
or Boolean) and make it unnecessary knowledge or the development of a mathematical
model [13]. Innovation is important, but that executives lack confidence in their
decisions [1].

The decision-making method in Innovation Management is established through six
distinct phases, as follows [1]: (i) Identification: Expressed by X percentage of the
population on the whole; (ii) Intelligence: Translated globally in size of the impact on
the innovation site; (iii) Idealization: The Y amount, of ideas attributes, can be pre-
sented as a comparison measurement with the average M attributes in available similar.
(iv) Instrumentation: Can be represented by the average expenditure G function
compared to similar available S; (v) Implementation: In period P to development and
implantation measured as a function of C lifecycle; and (vi) Indicators: Investment I
measured by the R expected return on the life cycle of innovation.

2 Methods

The methodology used was as follows: (1) Problem in the form of question: - How to
make innovation management with contradictory data? (2) Elaborated hypothesis: -
You can take decision in innovation management with logical data. (3) Literature
review: - Theoretical research on innovation and Et Logic. (4) Data collection: - Expert
systems, divided into three groups: - A: 03 (three) innovation experts; - B: 03 (three)
management experts; and - C: 02 (two) risk investment experts. (5) Study object: -
Extensive direct observation of experts.

The experts evaluated the Six I's factors for innovation in product, process and
market. Initially the experts understood the model. After that, brainstorm sessions were
conducted to identify the factors and building the logical proposition. The Six I’s and
the propositions are presented in Table 2.
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Table 2. Six I’s and propositions

Factors

Sections

Propositions

Description

Identification I1

Intelligence 12

Idealization 13

Instrumentalization 14

Implementation

Indicators 16

S1

S2

S3

S1

S2

S3

S1

S2

S3

S1

S2

S3

I5 S1

S2

S3

S1

S2

S3

X > 70%

30% < X < 70%

X <30%
Large
Medium
Small
Y>15M

05SM<Y
<15M

Y<05M

G < 40%S

70%
S <G £40%S

G > 70%S

P < 30%C

30%
C <P =<70%C

P > 70%C

I <30%R

30%
R <1 <70%R

I>70%R

The population benefited X is greater than
70% of the whole

The population benefited X is greater than or
equal to 30% and less than or equal to 70% of
the whole

The population benefited X is less than 30% of
the whole

Major positive impact at the place of
innovation

Medium positive impact on the local of
innovation

Small positive impact on the local of
innovation

Y innovation attributes are 1.5 times higher
than the average similar M

Y attributes of innovation are greater than or
equal to 0.5 times and less than or equal to 1.5
times the similar average

Y attributes of innovation are greater than or
equal to 0.5 times and less than or equal to 1.5
times the similar average

Average spending G innovation is less than
40% of similar S

Average spent G of innovation is greater than
or equal to 70% and less than or equal to 40%
similar to S

Average spent G of innovation is greater than
70% similar to S

P deadline of development and deployment of
innovation is less than 30% of the current life
cycle

P deadline of development and deployment of
innovation is greater than or equal to 30% and
less than or equal to 70% of the current life
cycle

P deadline of development and deployment of
innovation is greater than 70% of the current
life cycle

Investment in innovation is less than 30% of
the expected return in the life cycle
Investment in innovation is greater than or
equal to 30% and less than or equal to 70% of
the expected return in the life cycle
Investment in innovation is greater than 70%
of the expected return in the life cycle
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Were executed two (02) Delphi rounds that sought to: identify the certainty of the
expert regarding the decision of each factor and the possible contradiction in relation to
expert.

The consultation was conducted by form via email. The biggest difference between
them is that in the second round, the answers to each of the first round proposals of all
the experts had the result informed, giving the respondent an opportunity to review its
earlier evidence, if desired.

3 Aplication

Regarding the factors, one should reason that they are independent of each other. Thus,
the experts allocated their degree of favorable evidence (1) and contrary evidence (A) in
each proposition, as shown in Fig. 1.

Group A Group B Group C

Experts 1 | Experts 2 Experts3 | Expats4 | Expats§ | Expats6 | Expats 7 | Expats 8

Factors
Sections

B | R | m2 22| ms | s | me|Pe|Ms|As|Me|Pe| M7 |2r| ps|2s

$1110/01]03/02/08/03[03[/02]09]03]07]01]03[02[02]0.,0
11 S2]05/05(/04]06(/06]04[06/04(04]06[{05]05[05]05[0.5]0.5
$3(01])10(02[{09]/03(/08]03/09[03]09[01]09]/03[10]/00][10
S1/08/04(09/03(/07]0.1(10]01(09]/02[{08]/03[08]03][09]0.2
12182]05/05(/04]/06(/06]04[06/04(04]06[{05]05[05]05[0,5]0.5
$3]101)10]/02[09[/03(08[03[09(/03]09(0.1/09]03]1,0]00]10
$1/10/01(09]02/08]03({08]04(09]03[{0.7]/01(09]0.1{09]0.1
13/8S2/05/05[/04]06(/06]04[06/04(04]06[{05]05[05]05[0.5]0.5
$3(01])10(02[{09]/03(/08]/03[/09[03]09[01]09]/03[10]/00][10
$1108/04/09/03/0,7/01(10({01]09]02]08|03]08[03[095]0.2
1418S2/05/05(/04/06(/06]04([06/04(04]06[{05]05[05]05[0,5]0.5
$3/01)10(02[09]/03(/08]03/09[03]09[01]09]/03[10]/00(10
$1/10/01(09]02/08]03(10]01(09]02[{08]/03[09]0.1{/09]0.1
15(82/05[/05[/04/06/06/04/06|04]04]06]/05]05[05[{05[05([05
$3101)10]02[09[/03(08[03[09(/03]09(0.1/09]03]1,0]00]10
$1/08/04(09/03(07]01({08/04(09]03[{0,7/01(07]04[10]00
16 | S2105/05(/04]06(/06]04[{06/04(04]06[{05]05[05]05[0.5]0.5
$3/01)10(/02/09]03[08]03[/09[{03]09({01]09]03[10]/00(10

Fig. 1. Database of evidence from experts

With the Table 1 database, it emerges clearly the evidence of experts on the Six I’s
factors. They are shown in Table 3 with use of Maximum and Minimum rules.

3.1 Maximization (Max) and Minimization (Mini) Rules

The next step is to apply the maximization (Max) and minimizing (Min) rule to the
evidence of the experts for each innovation factors.

Apply to the rules of maximization of favorable evidence within groups being con-
nective (Max) the favorable evidence and connective (Min) in contrary evidence within
each group and the minimization rule of favorable evidence among the groups, the
connective (min) the favorable evidence, and connective (Max) in contrary evidence to
the results obtained in the three groups (between groups), grouped as shown in Fig. 2:
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‘ Group A | | GroupB ‘ | GroupC ‘

+ il I
[ MAX j; MINL ‘ ‘ MAX p; MINA || MAX p; MINA |

MIN p; MAX A

Decision

=
MRS

Fig. 2. Application of the scheme of MAX and MIN operators.

3.2 Analysis

There is favorable or contrary evidence of innovation acceptance, if there is a degree of
certainty in magnitude equal to or greater than 0.6. This level of demand may change
depending on the focus of innovation. However, in this study, the value after discus-
sions with experts are as follows.

The Certainty is defined as follows: Geey = L — A

Summarizing, the division criterion is the following:

(@) Geert = 0,6 — True (T), i.e., INNOVATE;
(b) Geer £ —0,6 — False (F), i.e., NOT INNOVATE; and
(¢) —0,6 < Geert < 0,6 — Area between Truth and False is DOUBT.

The database was treated with connective Max and Min and the results of the three
themes are shown in Fig. 3.

Maxand | Maxand | Maxang | Mitand %
E|Z| MiniA | MmiB | MmiC | 0 ~ 0,600
2 § Group Group Group -
= | 2 groups Conclusions

Bia | A2a | B | A28 | ic | A2c | iR | AR c:" Decision
S1)10 (01 )09 [01 )10 [00]09 |01 ]| 08 | INNOVATE
1 1852]06 |04 [06 04 [05[05]05][05]00 DOUBT
S3103 108 03 [09 [03 ] 107103 [ 10 [-0.7 |NOTINNOVAE
S1[{09 [01 |10 ]01[09 [02]09]02]07 [ INNOVATE
2 (S2]06 (04 |06 [04 )05 [05]05[05]00 DOUBT
$3103 (08 ]03 [09 |03 ] 10|03 ] 10 [-07 |NOTINNOVAEE
S1)10 (01 )09 [01]09 |01 ]09]01] 08 | INNOVAEE
I3s2/]06 |04 [06]04[05[05]05][05]00 DOUBT
$3/03 [08 |03 [09 03 ] 1003 ] 10 [-07 |NOTINNOVAE
S1)109 (01 )10 (01 )09 |02]09 |02] 07 | INNOVATE
4 (S2]06 [04 |06 [04 )05 [05]05[05]00 DOUBT
$3103 [08]03 [09 03] 1003 ] 10 [-07 |NOTINNOVATE
S1{10 /01 |10 ]01 (09 [01]09]01 |08 [ INNOVATE
15 [52]06 |04 060405050505 00| pousr
$5] 03 | 08 | 03 | 09 | 03 | 1.0 | 03 | 1.0 | -0.7 |NOTmNovAE
S1109 (01 )09 (01 )10 ]00]09 |01 ]| 08 | INNOVATE
16 (S2|06 (04 |06 [04 |05 [05]05[05]00 DOUBT
S3103 |08 10310903 ]10]03] 1007 |NOTDNOVAE

Fig. 3. Evidence degrees resulting from the application of Max and Mini rules
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Observing the degree of favorable and contrary evidence resulting from the
application of maximizing rules (OR) and minimizing (AND) the evidence of experts,
we note that the degree of certainty (Gcert) to S1 is above 0.6 as established the criteria
for certainty in relation to innovation. For example, although experts E3, E4 and E7 in
I1 S1 have given evidence (p 0,2; A 0,8) which is a statement of (F) Falsehood, so
there’s sure the statement is false and should not innovate, to take into account other
evidence of other experts is the result (V) True, that is, this proposition is a condition
for innovation. Anyway, you can tell which region he sure is. As shown in the figure is
plotted on I1S1 factor (p 0,9; A 0,1) in the region of OPJC = (V) true. I1S2 already has
its collective evidence in the area of (L) paracompleteza and is plotted in (1 0,5; A 0,5)
in the central region, highlighting questions regarding innovate. 11S3 already has its
collective evidence in the area of (F) is plotted on falsehood (p 0,3; A 1,0), i.e., the
evidence of the expert is not innovate given this proposition. The I12S1 factor is plotted
below the square unit of the Cartesian plane - QUPC, adapted from studies of De
Carvalho and Abe [13]. The other results coincide with 11S1, I11S2, 11S3 and 12S1 as
plotted in Fig. 4.

Unit square in the Cartesian Plane (USCP)

AMN= Paracompleteness area (L)
BRS=Inconsistency area (T)
CPQ= Truth area (V)

DTU= Falsehood area (F)
OFSL= Almost (T), tending to F
OHUL= Almost (F), tending to T
OHTI= Almost (F). tending to L
OENT= Almost (_L).tending to F
OEMK= Almost (L).tending to V
OGPK= Almost (V), tending to L
OGQJ= Almost (V), tending to T
OFRJ= Almost (T), tending to V

Degree of contrary evidence

00 02 04 Kog 08 10

Degree of favorable evidence

Fig. 4. Application of para-analizer device at USCP.

If there is need for a more stringent criterion for decision making, safer decision,
more reliable, it is necessary to increase the level of demand, that is, one should
approximate the PQ and TU lines of C and D, respectively, and also may use a larger
number of experts, or even consider evidence assigned depending on the weight of
each expert. You can still adjust and calibrate the data of propositions for a better result
in decision-making.

4 Conclusion
If there is need for a more stringent criterion, i.e., more safe and reliable decision, it is

necessary to increase the level of requirement, or use a larger number of experts, or
even consider the evidence given depending on the weight of each expert. A major
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advantage of this method is its versatility. Experts can be influenced, but in general are
not the same for everyone. Surely, at a time of latent conflict, the expert tends to
discredit innovation more than believing and the opposite can happen in times of
elation, joy, but hardly all specialists will be with the same feeling. Finally, virtually all
problems in which uncertainty, ambiguity or natural language of human beings is
relevant present favorable situations the application of Et Logic.
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