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Abstract: The purpose of this paper is to present a decision making model as a support
for selection of innovation management concept using multiple criteria decision making
methods. Based on the specific nature of innovation management concepts a novel
decision making model was designed. Ten defined innovation management concepts
are firstly evaluated using set of criteria, which priorities are expertly evaluated using
Saaty method and then the PROMETHEE outranking method is used for evaluating
and selecting of innovation management concepts. To apply this model in the practice
the Visual PROMETHEE software tool is incorporated to the model. The model was
applied on a large manufacturing company. Using our approach in this company, the
concept of value analysis was selected as the best. This study is limited for decision
making processes in large companies. The results of Saaty method are based on expert
but subjective assessment and therefore relevant for this particular company at that
particular time. In addition, we suggest that this model can help managers to solve similar
decision making problems using combination of Saaty method or analytic hierarchy
process together with Visual PROMETHEE software. The logic and process of the
decision making model elaboration as well as the decision model itself can be used
as a framework for managers facing decision making problems with similar nature as
innovation management concepts i.e.: ERP systems, information systems, technologics,
business models.

Keywords: Innovation concepts, PROMETHEE software, Managers, Decision making
model, Buisness models, Innovation management.

INTRODUCTION

Managers in organizations at all levels encounter a variety of decision
situations with varying degrees of complexity. For some types of
situations, it is sufficient to take a decision based on previous experience
from previous years, but in solving situations that are more complex a
decision to evaluate several criteria is needed.

As a rule, the manager chooses the optimal solution from a number
of variants, taking into account the selected criteria, as well as the
contradictory ones. This type of decision making situation is typical for
managers of innovative activities.

256


https://doi.org/10.5585/iji.v6i3.236
https://doi.org/10.5585/iji.v6i3.236
https://www.redalyc.org/articulo.oa?id=499168360005
https://www.redalyc.org/articulo.oa?id=499168360005
https://orcid.org/0000-0003-4262-4148
https://orcid.org/0000-0003-4262-4148
https://orcid.org/0000-0001-9705-3042
https://orcid.org/0000-0001-9705-3042

Jindra Peterkovd, et al. DECISION MAKING SUPPORT FOR MANAGERS IN INNOVATION MANAGEMENT: A PROMETHEE

APPROACH

They must decide how to manage innovative activites during the
innovation process.

They also must choose the necessary concept of innovation
management, taking into account the decision making criteria such as the
type of implemented innovation, the simplicity in applying the concept
etc.

At the same time, the decision making process influences the results,
which have a long-term effect on the effective functioning of the
innovation activities in the company. In a highly changing environment,
the correct management of companies’ capabilities to introduce and
maintain continuous innovation can signify competitive advantages in
terms of cost reduction, increment on products’ life cycles, increment in
sales and a global market perspective.

When facing such complex decisions the multiple criteria decision
making methods (MCDM) can be applied. Another advantage comes
from the fact that the MCDM methods are supported by software tools,
which helps to operationalize their practical applications.

One of those that is readily available is the Visual PROMETHEE
software utility, which is based on non-compensatory multiple criteria
decision making method the PROMETHEE II. It also allows working
with contradictory decision making criteria and provides clearly
presented results.

The goal of the paper is to present a decision making model including
the Visual PROMETHEE software tool for decision making process of
innovation managers to choose the appropriate innovation concept.

Criteria for the decision model will be selected and evaluated by experts
(3 academics + 3 professionals) along with the investigators using Saaty
method. Weighted decision making criteria will be used in qualitative
analysis to determine the usability variants of selected innovation
concepts and to select the appropriate innovation management concept
for a particular company.

The Visual PROMETHEE tool is applied for selection of the best
variant. This decision making model for innovation managers is created
for selection of the best innovations management concept in a large
company. This particular study contributes to the quick and effective
selection of appropriate innovation concept in an actual food processing
company from the Czech Republic.

Theoretical reference framework

On the one hand, many companies are aware of the importance of
innovation for their further development (Keles and Battal, 2017;
Peterkova and Ludvik, 2015; Zeleny, 2012), but they struggle how to
manage, implement, and evaluate them.

On the other hand, in literature and business resources, there are a
number of principles on how to create an innovative business, the best
practices of successful companies, and a range of approaches to how
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to manage, implement and evaluate innovation (Pereira, 2017; Hecker,
2017).

There is a contradiction between companies' ability to position
themselves in the approaches they offer to innovation management and
the existence of a large number of approaches that can be used to address
a particular type of innovation problem (Hecker, 2017).

Alfaro-Garcia et al. (2017) studied the measurement of innovation
management and suggested that innovation strategy, organization and
structure, knowledge management and project management are the most
valued areas. This supports the need for clear framework of solutions
that respond to the ability of an enterprise to innovate and manage
innovations. In this paper, we describe these frameworks as innovation
concepts.

Thus, the innovation concept is seen as a framework of a solution
that facilitate the enterprise’s innovation activities. The concept is
an abstraction representing a way to solve an innovation problem.
Innovation concepts give the managers insight into what they think is
important and how they solve the innovation problem (Tidd and Bessant,
2013). The position that innovation concepts occupy in innovation
management is captured in Figure 1. Implementation of innovation
concepts depends on the strategic framework in the enterprise.

At the same time, individual innovation concepts can be used at
another stage of the innovation process. It is important to get the
knowledge from the realization of the innovation process and use the

feedback.

Strategic business framework
Sets of innovation concepts

Innovation concept 1 Innovation concept 2 Innovation concept 3-n
/ g | ¥ 4 | ¥ ¥ V y v
Survey Choice Inr_lovatlo_n |mplementat|on
gain/realize/introduce/keep

Innovative enterprise

| d v b Y ¥ V y ¥ y

Learning >

Figure 1
The Position of Innovation Concepts in Innovation Management in an
Enterprise Source: Extended approach according to Tidd and Bessant (2013).

Based on the research findings at the time of publication, which were
obtained from available domestic and foreign literary sources, research
reports, results from research projects and available business resources, a
set of ten innovation concepts has been created (Peterkova, 2018). The
set is represented by the concept based on the measurement of innovation
performance (I1), the Balanced Scorecard (12) concept, the Innovative
Innovation Assessment (I13) concept, the Value Analysis concept (14), the
concept based on organizational readiness Innovation (I5), Innovation
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Concept title

Potential (I6) concept, Innovative Radar (I7) concept, Innovation Index
(I8) concept, Innovation Interactive Panel concept (I9), concept based
on experience from corporate practice practice (I110). This set of ten
innovation concepts, including citations of selected authors, is outlined

in Table 1.

Table 1
Innovation concepts

Concept Determination according to following
Abbreviation authors

Concept based on measurement 11
of innovation performance

Concept Balanced Scorecard Iz

Concept based on the evaluation [3
of innovations through

investrment efficiency indicators
Concept of value analysis I4

Concept based on organizational 15
readiness for innovation

Concept based on determination [6
of innovative potential

Concept I7
based on the creation of
innovative radar

Concept based on the inncvation 18
index

Concept based on an innovative [9
imteractive panel

Concept based on experience [10

{Suldk and Vacik, 2005; Gupta and
Trusko, 2014; Zizlavsky, 2012; Ml¢och,
2002)

Faplan and Norton 1996, 2000, 2004,
2006, 2010; Parmenter, 2010)
(Dvorak, 2008; Pitra, 20068; Hauschildt,
2004)

Miles, 1972; Vicek 1986, 2002, 2008,
2010, 2011}

(Company The Creative Problem Solving;
Company FA Consulting Group; Studt In
Gupta a Trusko, 2014)

Fovad and Sabadka, 2004; Mikolas et al,,
2011; Kopéaj, 2007)

(Sawhney, M., Wolcott, R.C, Arroniz, I,
2014

Rogers from Institut Melbourne in: Gupta
and Trusko, 2014)
(Gala et al., 2009; Few, 2006)

Fosturial: and Frolils, 2012; Kosturials

from corporate practice

and Chal ", 200E8)

Elaborated based on Peterkova (2018).

The presented innovation concepts differ in their focus on the
innovation problem and the way they function. Each concept is
developed in order to fit a certain business situation. When talking about
innovation concepts, we focus on the effect that is associated with the
expected result from the implemented innovation. Sometimes we can
meet the concept of benefit, which is identical in terms of content to
the notion of effect, also related to the definition of the result from the
implemented innovation.

Some of the presented concepts were already applied and some
concepts are not known to be have been used in practice. Some are
just based on the experience of consultancy firms with their application.
Bearing in mind that the presented innovation concepts are different
in focus on the innovation problem and in the way of working, all
the concepts can be compared according to common characteristics
of the innovation management, but differ in their applicability. It is
generally possible to identify the innovative problem that can be applied
to the concept, what is the elaboration of the concept, i.e. whether the
concept can be applied in corporate practice, the manner of evaluating
the innovation and whether the concept of innovation has already been

259



International Journal of Innovation, 2018, vol. 6, num. 3, Septiembre-Diciembre, ISSN: 2318-9975

verified in practice. At the same time, the concepts indicate problematic
areas mainly associated with the assessment of the effects of innovation.

The issues that innovation concepts help to solve can be viewed from
different perspectives, for example from a time perspective or focusing
on an innovation problem. The management and the company's owners
solve the problems ex ante or ex post i.e. after innovation processes
had already started. Innovation concepts focus differs in the area of
discovering innovation potential, organizational readiness for innovation
and achieved level of innovation climate or in the implementation of
the innovation process itself, and in evaluating the benefits from the
implemented innovations. The elaboration of the presented concepts is
either in the form of a general framework or methodology with specific
implementation steps.

However, knowledge about presented concepts of innovation
management does not answer the question about which concept is
the best for particular company or type of innovation. This requires a
managerial decision that will affect the whole organization. Innovation
processes are loaded with points of decision making and distribution of
responsibilities and therefore rely heavily on managerial action to occur
fully.

We must consider each process of decision making of individuals
in organizations (Cyert and March, 1992; March and Simon, 1993)
and the thesis that individuals, groups and organizations are subject
to limited rationality (van Knippenberg et al., 2015, Puranam et al.,
2015) as a constant problem. According to studies, (De Dreu, Nijstad,
& van Knippenberg, 2008; Ocasio, 2011; Tversky & Kahneman, 1974)
individuals and organizations show signs of cognitive and motivational
distortions in taking the information on which they base their
decisions. However, the attitude to decision making and the established
management and behavior styles (van Knippenberg et al., 2015) did not
develop at the same rate as the availability and diffusion of information.
The large amount of information available and the growing global
competition exert pressure on individuals, groups and organizations, and
create over-information.

Costs of sorting and storing this information and data are growing, and
there is a growing risk of loss of attention to relevant information and
work as such. Thus, it is useful to create decision making guidelines using
MCDM as a structured and logical means of synthesizing judgements
for evaluating appropriate variants of innovation concepts or tools as
suggested by Kosonen & Kianto (2007).

According to Biemans et al. (2007), the decision making in the area
of innovation management in the last 20 years has been the second most
frequently discussed subject area together with strategy and planning.
Research of decision making in innovation management is mainly
focused on following issues: improving decision making for successful
innovation (Schewe, 1994; van Riel & Lievens, 2004; Keupp et al,,
2012; Nagano et al., 2014; Busse & Wallenburg, 2015; Bromphey et
al., 2015; Aswoll, 2017), decision making support (Haustein & Weber,
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1983; Kortler & Lindemann, 2011; Kunz & Warren, 2011; Daher et
al., 2015; Yilmaz Eroglu & Kilic, 2017; Kralisch et al., 2018), differences
in individuals’ evaluations of project attributes (Behrens, 2016), top
management and cultural influence (Hoffman & Hegarty, 1993; Li et
al.; 2013), innovation portfolio management (Meifort, 2015; Kock &
Gemiinden, 2016) decision making during the organizational life-cycle
(Yujun, 2010; Danvila- del-Vale et al; 2018); selection of innovation
projects or innovative technologies (Shen et al., 2010). Regarding this
body of knowledge there is a growing interest in improvement of decision
making in innovation management as a whole.

MCDM approach is a one of the methods used to support decision
making in innovation management and therefore appropriate for
developing a conceptual model. The literature review suggests interest on
strategic decisions such as selection of innovation management approach.

This could be solved by developing of a model for decisions requiring
selection of the innovation concept.

APPLIED DECISION MAKING METHODS

a) Saaty method and Analytic hierarchy process (AHP)

Analytic Hierarchy Process (AHP) developed by Saaty (1980) provides a
framework for making effective decisions in complex decision situations
while helping to simplify and decompose the decision making process.
It represents a linear decomposition method that provides an objective
mathematical procedure for the inevitable subjective and personal
determination of individual or group preferences in decision making
(Saaty, 2012).

The decision criteria can be both qualitative and quantitative and can
be expressed in numbers or words. However, in problems which do not
contain of complex set of criteria, the simple Saaty weighting method can
be used. Firstly, the user is able and willing to determine not only the order
of importance of criteria but also the ratio of importance between pairs
of criteria. Calculations of the AHP are well established as well as its use
in Excel or other available software e.g., SuperDecisions. Consequently,
they will not be further explained here but by means of the application
presented in Section 4. For additional information on calculations, see
Saaty (2001). For comparisons of criteria the original Saaty scale is used.
The weights are derived using row geometric mean method (RGMM) and
the consistency is checked using geometric consistency index (GCI).

In practice, the most commonly used method of weights determination
is to use the row geometric mean method (RGMM). This solution is based
on calculation of geometric mean of individual rows from the decision
matrix (multiplying the elements of the individual rows of this matrix
and determining the k root of these sums). By normalizing these row
geometric means (by dividing them by the sum of these geometric means)
we obtain the criterion weights wi (Ishizaka and Alessio, 2011):
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The GCl is calculated as follows (Escobar et al., 2004):

> log(.sﬂ. ) log L

W,
J= J

GCI = —
(n—1)(n—-2)
(2)

where 7 represents number of criteria, wi/wj is a ratio of approximate
weights. Escobar et al. (2004) set approximate threshold values for
consistency assessment.

In AHP, the group decision making is considered as beneficial in
order to get more precise solution. Several methods can be used to
determine priorities using group decision making (multiple decision
makers). Decision makers are encouraged to discuss the decision problem
in the panel of users (experts), they will decide on a single evaluation of
the pair comparison table with the assistance of the facilitator, and then
the weights are calculated based on consensus.

b) PROMETHEE II and Visual PROMETHEE

The principal outranking methods assume data availability broadly
similar to that required for the MAUT (multiple attribute utility theory)
methods. That is, they require alternatives and criteria to be specified, and
use the same data of the decision table, namely the aij’s and wi’s.

Main reason for implementing PROMETHEE/GAIA for processing
the acquired data was the specific advantages of this method in regards
to other MCDM methods. These advantages are mostly attributable to
the way of structuring the problem. High quantity of data, which can be
processed; ability to quantify qualitative values, good software support
and presentation of processed data.

The PROMETHEE method presents an outranking method for a fixed
set of alternatives. The PROMETHEE method is based on determining
the positive (O+) and the negative flow (®-) for each alternative
towards outranking relations and in correlation with the acquired weight
coefficients for each criterion.

262



Jindra Peterkovd, et al. DECISION MAKING SUPPORT FOR MANAGERS IN INNOVATION MANAGEMENT: A PROMETHEE

APPROACH

The positive preference flow expresses how much an alternative
dominates over the others; therefore, the greater the value (0.>1), the
more significant is the alternative. The negative preference flow expresses
the preference of all the other alternatives compared to the analyzed
one. An alternative is more important if the value of the output flow
is smaller (®.50). The complete ranking of PROMETHEE 1I is based
on the calculation of a net outranking flow value (®) that represents
the balance between the positive and the negative outranking flows. The
higher the net flow is, the better the alternative.

For the application of this method, it is necessary to define a specific
preference function and to assign a weight of significance (weight
coeflicient) to each criterion. The preference function defines the rank
of one option with respect to another and translates deviation between
two parallel alternatives into a unique parameter, which is associated with
the degree of preference. The degree of preference presents a growing
deviation function, whereby, in case of small deviation, it refers to a
weak preference and in the case of large deviation; it represents a strong
preference associated with a reference alternative (Brans and Vincke,
1985). Brans and Mareschal (1994) and Behzadian et al. (2010) give
thorough review of the PROMETHEE methods and their applications.

The GAIA visual modelling method offers a visualization technique
by projecting the points on a two-dimensional plane, where the plane is
defined so that as few information as possible gets lost by the projection.
The GAIA plane provides the decision maker with a powerful tool for the
analysis of the differentiation power of the criteria and their conflicting
aspects.

Clusters of similar alternatives as well as incomparability between
two alternatives are clearly represented. The projection of the vector of
the weights of criteria suggests the direction, where the most promising
alternatives can be found on the plane. The methodology applied in GAIA
appeared earlier in statistics as a visualization tool under the name of
principal components analysis.

The main advantage of the PROMETHEE method is to integrate the
most recent ideas of preference modeling in a very simple way.

The main reason for implementing Visual PROMETHEE for
processing the acquired data was the specific advantages of this method
in regards to other multiple criteria decision making methods such
as: noncompensatory nature, visual tools for further analysis (GAIA),
combination of qualitative and quantitative information, sensitivity
analysis tools. Number of researchers claimed that the combination of
these tools produces a new more powerful and compatible tool (Visual
Decision Inc., 2008, Hanafizadeh, 2011; Daher, 2015).

¢) Combination of AHP and PROMETHEE methods

Some ideas of AHP can also be applied in the PROMEETHE
methodology. Recently, Macharis et al. (2004) proposed to use the
pairwise comparison technique of AHP to determine the weights of the

263



International Journal of Innovation, 2018, vol. 6, num. 3, Septiembre-Diciembre, ISSN: 2318-9975

criteria. Similarly, the use of the tree-structure to decompose the decision
problem into smaller parts can also be beneficial. The main advantage
of the PROMETHEE method is to integrate the most recent ideas of
preference modelling in a very simple way. It is claimed by a number
of researchers that the combination of these tools produces a new more
powerful and compatible tool. The extensions of the outranking methods
for group decision support have also been developed. Macharis et al.
(1998) presents a PROMETHEE procedure for group decision support.

The extensions of the outranking methods for group decision
support have also been developed. Macharis et al. (1998) presents a
PROMETHEE procedure for group decision support. Although the
number of studies that apply the integration of AHP and PROMETHEE
to find facility location are few, the results of these researches are
significant.

DECISION MAKING MODEL FOR SELECTION OF
INNOVATION CONCEPTS

a) The decision making model

Based on assumptions from the literature background and MCDM
methods properties the model for decision making was elaborated (see
Figure 1). It consist of six steps. The first step is research on innovations
concepts that provided initial information and properties of innovation
concepts used in manufacturing companies. The result is a set of 10
innovation concepts (see Table 1). It follows with expert discussion about
evaluation criteria.

The expert group established a final number of eight criteria, which
were applied (with the help of the researchers) for the evaluation of the
innovation concepts and subsequently for the definition of ten variants
of innovation management concepts (see Table 2).

Evaluation is the result of the consensus of the individual members of
the expert group. This evaluation of weights concerns five criteria that can
be qualitatively assessed by AHP. Expert evaluation of the concepts and
weights estimated using AHP are the inputs for PROMETHEE table.
The table was elaborated in Visual PROMETHEE software. Ranking of
innovations concepts was made using PROMETHEE II method that is
included in the software.
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Research on innovation Expert discussion on Selection of 8 relevant
concepls evaluation criteria criteria
Ranking of innovation Expert evaluation of 10 i . .
y g 0% ' p R Expert evaluation of

conceps using net flow concepts using 5

weights regarding 5

index bysed on criteria and AHP aualitative criteria
PROMETHEE I1 weights using Visual s 1"||1 -L;\HP !
method PROMETHEE asing /
Figure 2
Decision making framework for selection of innovation concepts.
Authors.

b) Evaluation of criteria for innovation concepts selection

Criterion is understood as an element of evaluation of innovation
concepts with regard to their usability in an enterprise (Fotr and Svecova,
2010). Based on an expert’s discussion (3 + 3 persons) a list of eight
criteria was elaborated in order to evaluate innovation concepts. Criteria
were mainly assessed according to their use (operability), interrelations
among the individual criteria (independence), and whether they are not
redundant. The list of criteria for evaluation of innovation concepts
are organized according to their importance and logical continuity are
presented in Table 2.
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Table 2

List of criteria for evaluation of innovation concepts

Final criteria for evaluation of  Abbrev. Rating scale

INnovation Concept

5

type of innovation problerm 1 (& - probler solving during the invention

subject of realized

creation, B - problerm solving during innovation
creation, C - problem solving during innovation
spreading).

innovation <2 & - product, B - process, C - mmarketing, D -
organization, E - cannot be determined).

verifiability of the concept of  C3 (1 — wvery low, 2 - low, 3 - medium, 4 - high, 5 -

IOV ation i pract

1ce very high).

using the concept of innovation C4 (4 - before the implementation of an innovative

with regard to the t

ime of the project - ex ante, B - during the implermentation

implementation of the of the innovation project - innovation cycle, C -
INnovation project after complation of the innovation project - ex
POst ).

usability of the concept of CE (1 - wery low, 2 - low, 3 - medium, 4 - high, 5 -
INNovation in an enterprise very high.
level of elaboration of the CE (1 - wvery low, 2 - low, 3 - medium, 4 - high, 5 -
concept of innovation into very high).
rAnagernent levels
determination of innovation [ (1 - wvery low, 2 - low, 3 - mediurmm, 4 - high, 5 -
metrics and their form very high).
savings resulting from training C& (1 - wery low, 2 - low, 3 - mediurr, 4 - high, 5 -
of existing employees when very high.
implementing the concept of
innovation

Authors.

For criteria C1, C2 and C4, the rated object can be categorized into
certain defined categories, and for these criteria, the scale is defined by
the categories indicated by letters A through E. On the other hand,
criteria C3, C5, C6, C7, and C8 evaluate an object by expressing a certain
intensity of the rating on a given scale from one to five. At the same
time, the criteria that directly influence the selection of the concepts
of innovation itself in the innovation management process have been
examined in detail, concretely company size and branch according to CZ-
NACE.

For that purpose results from the Czech Statistical Office, results
from university project (Ludvik et al, 2012) and findings from Tidd and
Bessant (2013) were used. It means that selection of innovation concepts
relates to the enterprises with the number of employees from 250 to 999
and operating in section C - Manufacturing according to classification
CZ NACE.

In case of five criteria (chosen from eight) selected by the expert group
it is possible to determine order of importance. The analytic hierarchy
process (AHP) enables to organize criteria based on an assessment of the
preference of individual experts. Selected criteria see Table 3 have the
nature of the maximization criteria.
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Table 3

Selected criteria for applications in decision models

Criteria for evaluation of innovation concepts Determined rating scale

3 - verifiability of the concept of innovation in {1 — very low, 2 - low, 3 -

practice

average, 4 - high, S - very
high).

5 - usability of the concept of innovation in an {1 - wery low, 2 - low, 5 -

enterprise average, 4 - high, 5 - very
highy).

CB - level of elaboration of the concept of {1 - wery low, 2 - low, 3 -

innovation into management levels average, 4 - high, 5 - very
high).

C7 - determination of innovation metrics and their (1 - very low, 2 - low, 3 -

form average, 4 - high, 5 - very
highy).

CE- savings resulting from training of existing (1 - wery low, 2 - low, 3 -

employees when implementing the concept of average, 4 - high, 5 - very

INnovation highy).

Authors.

Using the analytic hierarchical process (AHP) experts determined the
weights of the individual criteria using the Saaty method and author also
determined the order of each criterion based on the calculated weights wi
according to Saaty (2012).

The created Saaty matrix, see Table 4, is the result of the consensus of
the expert group of (3 + 3) who have agreed on the evaluation of the pair
comparison in the table with the assistant of the investigator (author).
The weights are calculated according to the equation (1) using RGMM
method.

Finally, consistence of Saaty pair-wise comparison matrix was checked
using geometric consistency index (GCI). GCI was calculated using
equation (2) and its value is 0.37, which refers to the limit value for the
five criteria.

Table 4

Determination of the weights of the criteria using the Saaty matrix

Criterion 3 [ ZE [ ] RGMM Weight (wi  Crder
C3 1 2 a 8 2 4,000 0.504 1
B 112 1 =) =) [ 2EE1 0.221 2
CE 118 l/e 1 1/2 2 0.500 0.063 3
7 118 l/6 2 1 112 0,481 0.058 4
Ca 118 1/6 113 2 1 0425 0054 5

Authors.
¢) Qualitative evaluation of the use of innovation concepts by the expert group

For qualitative evaluation of the usability of innovation management
concepts (I1 to 110) see Tab. 1. Each concept was evaluated by the criteria
(C1, C2, C3, C4, C5, C6, C7, C8), see Table 2. The expert group with
the help of the author of the paper determined the ratings according to
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proposed rating scale. Qualitative analysis was carried out on ten concepts
of innovation based on expert group discussion (Maxwell, 2013).

The expert group of 6 experts was composed of three academics and
three industry experts. This step of the decision making model includes
work with the Visual PROMETHEE software that enables the decision
maker to organize all information into a one matrix.

Combining eight evaluation criteria and weights estimated for the
five selected criteria from the Table 4 and evaluation of the innovations
concepts from the Table 3 we can create following PROMETHEE table
on the Figure 3.

However, only the criteria with assigned scales were used for final
evaluation. Criteria C1, C2 and C4 are deemed negligible in this
application concerning large food processing company.

Table S

Evaluation of the Use of Innovation Concepts by 8 Criteria

IConceptsiCriteria for evaluation [Variants
111212 21 I—2 I3 4 (1Z5 ) -7 I_2 W1We
41516 ABEC BWECD |1 2 2 48 C12 34 1 23 4 12 2 4 12 3 4 [W2V4
71819 - 3 T SXXXBX5xxx5xxxx5xxxx5xxxV5V5
[10 X ox HE|HHEEHH | X XX ¥ OREEEY XXX X |xxxx [V7VE
PRl g KEEH 5 K X X bt bt X X e W10
ORH | . XX Xy
X X e
by x PR Eoax R
e
e
TN [,
X
X
b X X X
authors.
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Scenariol
Unit
Cluster /Group
Preferences
Min/Max
Weight
Preference Fn.
Thresholds
- Q: Indifference
-P: Preference
-5: Gaussian
Statistics
Minimum
Maximum
Average
Standard Dev.

Evaluations

ERORCOEEENO

C1 c2 c3 C4 [o-] %] c7 (o]

S-point S-point S-paint Spoint 5-point
* * * * *

max max max max min
0,50 0,32 0,06 0,06 0,05
Usual Usual Usual Usual Usual
absolute absolute absolute absolute absolute
nfa nfa nfa nfa nfa
nfa nfa nfa nfa nfa
nfa nfa nfa nfa nfa
1,00 2,00 3,00 4,00 1,00
5,00 5,00 5,00 5,00 4,00
3,490 3,20 4,80 4,70 2,20
1,62 0,87 0,60 0,46 0,98
ery lo medium very high high
very high high sery high low
low medium ery high higt
ery high ery high very high low
medium medium high low
high very high high low
low very high high very low
low medium very high wvery high low

low low very high very low

very high medium very high very high low

Figure 3

PROMETHEE evaluation table Source: Authors.

The Figure 3 provides evaluation of ten concepts (I1, 12.....110) based
on eight criteria. The results can be described using following explanation.

I1 - concept usability based on innovation performance measurement:
solution of problems in the innovation process in the creation and
when spreading the innovations - the subject of the implemented
innovation can be product, process, marketing, organization > degree of
verifiability of the concept in practice is very low - utilization during
the implementation of the innovation project - usability of the concept
is average »> elaboration of the concept into four management levels of
control > developed evaluation system with rating factors up to the level
of specific indicators > the savings from training of existing staff is high.

I2 - usability of the concept of the method BSC: Solution of problems
in the innovation process in the creation and when spreading the
innovations - the subject of the implemented innovation can be product,
process, marketing, organization »> the degree of verifiability of the
concept in practice is very high > the use before the implementation of
the innovation projectitselfand the completion of the innovation project
- the usability of the concept is high » elaboration of the concept into
four levels of management > developed evaluation system with evaluation
factors up to the level of specific indicators > the savings from training of
existing employees are low.

I3 - usability of the concept based on evaluation of innovations through
investment efliciency indicators: Solving problems in the innovation
process when creating inventions and spreading innovations - the subject
of the implemented innovation can be product, process, marketing,
organization > degree of verifiability of the concept in practice is very
low > use before the implementation of an innovative project and after
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the completion of the innovation project > the usability of the concept
is average > elaboration of the concept into four levels of management
> developed evaluation system with evaluation factors up to the level of
specific indicators > the savings from training of existing employees are
high.

I4 - usability of the concept based on value analysis: Solution
of problems in the innovation process in the creation of invention,
innovation and dissemination of innovation - the subject of
the implemented innovation can be product, process, marketing,
organization > degree of verifiability of the concept in practice is
very high (experience from a number of enterprises) > use before the
implementation of the innovation project, during the implementation of
the innovation project and after the completion of the innovation project
- the usability of the concept of innovation is very high » the elaboration
of the concept into four levels of management > the developed evaluation
system with evaluation factors up to the level of specific indicators > the
savings from training of existing employees are low.

IS - concept based on organizational readiness for innovation: Solving
problems in the innovation process when creating inventions > the
subject of the implemented innovation cannot be determined > the
degree of verifiability of the concept in practice is very high (experience of
consultancy firms) - the use before the implementation of the innovation
project itself > the usability of the concept of innovation is average > the
elaboration of the concept into two levels of control - rating system with
assessment factors > the savings from training of existing employees are
low.

16 - concept based on the determination of innovation potential:
Solving problems in the innovation process when creating inventions
> the subject of the implemented innovation can be product, process,
marketing, organization > degree of verifiability of the concept in practice
is very high - use before the implementation of the innovation project »
the usability of the concept of innovation is high > the elaboration of the
concept into four levels of management » developed evaluation system
with rating factors - the savings from training of existing staff is low.

I7 - concept based on creation of innovation radar: Problem solving
related to the assessment of the innovation process within the diffusion
of innovation > the subject of the implemented innovation cannot be
determined > the degree of verifiability of the concept in practice is
very low > the use during the implementation of the innovation project
and the completion of the innovation project > the usability of the
innovation concept is low » the elaboration of the concept into four levels
management -> developed evaluation system with assessment factors > the
savings from training of existing employees is very low.

I8 - concept based on innovation index: Solution of problems related
to the assessment of the innovation process in the area of evaluation of
innovation benefits » the subject of the implemented innovation cannot
be determined » the degree of verifiability of the concept in practice is very
low - the use during the implementation of the innovation project and
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the completion of the innovation project > the usability of the innovation
concept is average > the elaboration of the concept to four levels of
management > developed evaluation system with rating factors up to
indicator level > the savings from training of existing employees are low.

I9 - concept based on innovation interactive panel: Solving the
problems related to the monitoring of results in the area of evaluation of
innovation benefits » the subject of the implemented innovation cannot
be determined > the degree of verifiability of the concept in practice is
very low > the use after the completion of the innovation project > the
usability of the innovation concept is low > the elaboration of the concept
into two levels of control > general characteristics of rating - the savings
from training of existing employees are very low.

I10 - concept based on the experiences from a business practice:
Solution of problems in the innovation process in the creation of
innovation and within the diffusion of innovation > the subject
of the implemented innovation can be product, process, marketing,
organization > degree of verifiability of the concept in practice is very
high > use during the implementation of the innovation project and
after completion of the innovation project > usability of the concept is
average - the elaboration of the concept into four levels of management
> a developed evaluation system with evaluation factors up to the level of
specific indicators - the savings from the training of existing employees
are low.

Selection of the innovation concept based on decision-making model in

Visual PROMETHEE

This step of the decision making model includes work with the Visual
PROMETHEE software that enables the decision maker to organize
all information into a one matrix. Combining eight evaluation criteria
and weights estimated for the five selected criteria from the Table 4 and
evaluation of the innovations concepts from the Table 5 we can create
following PROMETHEE table on the Figure 3. Each criteria is included.
However, only the criteria with assigned scales were used for evaluation.

Criteria C1, C2 and C4 are deemed negligible in this application.
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Scenariol C1 c2 c3 c3 cs o} c7 cs
Unit S-point S-point S-point S+point S5-point
Cluster /Group ‘ 0 ‘ . ‘
Preferences
Min/Mazx max max max max min
Weight 0,50 0,32 0,08 0,06 0,05
Preferenca Fn. Usual Usuzl Usual Usual Usuzl
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference nfa nfa nfa nfa nfa
-P: Preference nfa nfa nfa nfa nfa
- 5: Gaussian nfa nfa nfa nfa nfa
Statistics
Minimum 1,00 2,00 3,00 4,00 1,00
Maximum 5,00 5,00 5,00 5,00 4,00
Average 3,40 3,20 4,80 4,70 2,20
Standard Dev. 1,62 0,87 0,60 0,46 0,98

Evaluations

11 O very low medium wery high high
12 || very high high very high low
13 . low medium wery high high
14 (] very high very high very high low
15 ] ery high medium medium high low
Is [l very high high very high high low
7 [ | low low high high very low
I8 |:| low medium high wery high low
b || low low high very high very low
110 | | very high medium very high very high low

Figure 3
PROMETHEE evaluation table.

authors.

RESULTS AND DISCUSSION

Based on the PROMETHEE matrix (see Figure 3) we can calculate
the ranking based on the net flow (Phi), positive (Phi+) and negative
flows (Phi-). The results clearly show that the innovations concept 14
(Concept of value analysis) is ranked as the most favorable, followed by
the I2 (Balanced Scorecard) and 16 (Concept based on experience from
corporate practice).
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B PROMETHEE Flow Table - ©
Rank action Phi Phi+ Phi-
1 B 0,5273 0,6393 0,0120
2 I | 0,5203 0,5680 0,0477
3 I ] 0,4559 0,5487 0,0928
a 10 B 0,2707 0,3897 0,1180
5 IS B 0,1362 0,3633 0,2271
6 I8 I -0,2333 0,1657 0,3390
7 I3 B -0,2813 0,1537 0,4350
8 I8 B -0,4350 0,1303 0,5653
9 I B -0,4994 0,1110 0,6104
10 I H -0,5613 0,0877 0,6530
Figure 4
PROMETHEE ranking
Authors.

The other concepts net flows are far lower to be considered for final
decision. Furthermore the results can be evaluated in detail using plenty
of Visual PROMETHEE graphic tools based on the GAIA plane such as
PROMETHEE Rainbow, see Figure 5.

This tool helps to identify which criteria are the most important
regarding each variant. It can be seen that innovation concepts 14 and 12
are very close. The difference is in the criteria C5 (usability in practice).
On the other hand, the concept 110 is lagging. The main difference can

be seen in the criteria C7 (determination of innovation metrics and their
form).

PROMETHEE Rainbow - =EN

Figure 5

PROMETHEE rainbow
Authors.

Managerial decision making in the field of innovation requires
selection of variants based on certain criteria, often even of the opposite
ones. Each variant was described by: the type of innovation problem;
subject of realized innovation; verifiability of the concept of innovation
in practice; using the concept of innovation with regard to the time of
the implementation of the innovation project; usability of the concept
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of innovation in an enterprise; level of elaboration of the concept of
innovation into management levels; determination of innovation metrics
and their form; savings resulting from training of existing employees
when implementing the concept of innovation. Sole description does not
allow ranking the concepts according to their characteristics. Therefore,
a model based on the combination of AHP and PROMETHEE was
implemented.

Decision matrix used in AHP application, introduced the decision
makers’ preferences in which all relevant criteria were compared against
each other. The information of this matrix was used to calculate the
criteria weights.

The distinct merit of AHP method is that it decomposes a decision
problem into its constituent parts and builds hierarchies of criteria.

However, in the case of many criteria and alternatives, it may become
very difficult for decision makers to obtain clear view of the problem
and to evaluate the results. The amount of interaction with the user
increases dramatically with an increase in the number of alternatives and
this increase prevents the user from continuing the analysis and leading
to some inconsistencies. Complexity of the eigenvector method and the
loss of information when converting the quantitative data into a 1-9 scale
are other drawbacks of AHP.

PROMETHEE does not provide such structuringg. PROMETHEE
needs much less inputs; it takes into account the preference function
of each criterion, determined by the decision-makers. By this way, each
criterion is evaluated on a different basis and it is possible to make better
decisions. PROMETHEE I identifies the alternatives which cannot be
compared and the alternatives which are indifferent, by making a partial
ranking (such as LSF), while PROMETHEE II provides a complete
ranking for alternatives.

The Visual PROMETHEE software is a powerful tool to identify
conflicts between criteria and to group the alternatives in one complex
model. The PROMETHEE II is the preferred method for evaluating
alternatives for the appropriate structural system selection process.

The method is consistent, easy to understand and requires little
interaction with the decision makers. The linearity and the additive
assumptions for the preference function is acceptable to the decision
makers. By utilizing the PROMETHEE method for sensitivity analysis,
the most effective criteria in decision making process are determined.
These are unique features of PROMETHEE method, which are not
available in AHP, or other MCDM techniques.

CONCLUSION

Innovation concepts give managers insight into what they think is
important to solve the innovation problem. Presented decision making
model has been applied to evaluate selected innovation concepts and the
subsequent choice of best variant (concept).
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This model consist of eight criteria that include five ones weighted
by Saaty method and ten innovation management concepts. Those eight
criteria were selected and evaluated by experts with the help of the
authors. In order to evaluate and select the bets variant (innovation
management concept) the Visual PROMETHEE software tool was
applied. It associates both the criteria weights and evaluation of variants.
The Visual PROMETHEE software is a powerful tool to identify
conflicts between criteria and to group the alternatives in one complex
model.

The developed decision making model combining Saaaty method and
Visual PROMETHEE is effective tool for managers that face decisions on
the choice of the innovation management concept in large manufacturing
companies.

The presented approach including the process of innovation concepts
description, selection of criteria, evaluation using Saaty method and
application of Visual PROMETHEE can be also adopted for decision
making situations involving criteria and variants with similar nature i.c.
innovations, technologies, investment alternatives, and concepts.

However, the exploratory nature of this research puts limitation to the
results, this result is valid for an actual large company that comes from the
food processing industry.

Acknowledgments

This paper was supported within Operational Programme Education for
Competitiveness — Project No. CZ.1.07/2.3.00/20.0296. The research
was supported by the Czech Science Foundation (GACR Project GA
17-22662S).

REFERENCES

Alfaro-Garcfa, V. G., Gil-Lafuente, A. M., & Alfaro Calderén, G. G.
(2017). A fuzzy methodology for innovation management measurement.

Kybernetes, 46(1), 50-66. https://doi.org/10.1108/K-06-2016-0153

Asvoll, H. (2017). Developing a framework of reflective, intuitive knowing
in innovation management. Aazdemy of Sz‘mtegz'c Management Journal,
16(2), 1-23.

Behrens, J. (2016). A Lack of Insight: An Experimental Analysis of R&D
Managers’ Decision Making in Innovation Portfolio Management:
CREATIVITY AND INNOVATION MANAGEMENT. Creativity
and Innovation Management, 25(2), 239-250. https://doi.org/10.1111/
caim.12157

Behzadian, M., Kazemzadeh, R.B., Albadvi, A., Aghdasi, M. (2010).
PROMETHEE: A comprehensive literature review on methodologies
and applications. European Journal of Operational Research, 200 (1), 198
215. https://doi.org/10.1016/j.¢jor.2009.01.021.

Biemans, W., Griffin, A., & Moenaert, R. (2007). Twenty years of the Journal of
Product Innovation Management: History, participants, and knowledge

275


https://doi.org/10.1108/K-06-2016-0153
https://doi.org/10.1111/caim.12157
https://doi.org/10.1111/caim.12157
https://doi.org/10.1016/j.ejor.2009.01.021

International Journal of Innovation, 2018, vol. 6, num. 3, Septiembre-Diciembre, ISSN: 2318-9975

stock and flows. Journal of Product Innovation Management, 24(3), 193
213. hteps://doi.org/10.1111/j.1540-5885.2007.00245.x

Brophey, G., Baregheh, A., Hemsworth, D., Wachowiak, M., Hay, D., & Ben
Dhaou, S. (2015). The “Everything’s Different, Every Time” Innovation
Management Problem: a Promising Model Development. International
Journal of Innovation Management, 19(5), 1550057. hteps://doi.org/10.1
142/S1363919615500577

Brans, J.P., & Vincke, P. (1985). A Preference Ranking Organisation Method:
(The PROMETHEE Method for Multiple Criteria. Decision-Making).
Management Science, 31: 647-656.

Brans, J.P., & Mareschal, B. (1994). The PROMCALC and GAIA Decision
Support System for Multicriteria Decision Aid. Decision Support Systems,
12:297-310.

Busse, C., & Wallenburg, C. M. (2014). Firm- level innovation management
at logistics service providers: An exploration. International Journal of
Logistics Research and Applications, 17(5), 396-419. https://doi.org/10.1
080/13675567.2013.871509

Cyert, R M., & March, J.G. (1992). A Behavioral Theory of the Firm. Cambridge,
Mass.: Wiley- Blackwell

Daher, S.deF.D., Silva, L. C. e, & Silva, A. L. C.de L. da. (2015). A Multicriteria
Decision Model for Supporting Innovation Management. 2015 IEEE
International Conference on Systems, Man, and Cybernetics, 258-262. htt
ps://doi.org/10.1109/SMC.2015.57

Danvila-del-Valle, I, Lara, F. J., Marroquin- Tovar, E., & Zegarra Saldafa, P. E.
(2018). How innovation climate drives management styles in each stage
of the organization lifecycle. Management Decision, MD-02-2017-0163. h
teps://doi.org/10.1108/MD-02-2017-0163

De Dreu, C.K.W. Nijstad, B.A., & Van Knippenberg, A.D. (2008) Motivated
Information Processing in Group Judgment and Decision Making
Personality And Social Psychology Review. 12(1): 22- 49.

Dvorék, J., (2006). Management inovaci. Vysoka skola manazerské informatiky
a ckonomiky, Praha.

Escobar, M.T., Aguarén, J., & Moreno-Jimenez, J. M. (2004). A note on AHP
group consistency for the row geometric mean priorization procedure.
European Journal of Operational Research, 153: 318— 322.

Few, S. (2006). Information Dashboard Design. O’ Reilly Media, Sebastopol.

Fotr, J., & Svecovd, L. (2010). Manazerské rozhodovani: metody, postupy a
ndstroje. Ekopress, Praha.

Gala, L., Pour, J., & Sediv4, Z. (2009). Podnikovi informatika. Grada, Praha.

George, G., Haas, M.R., & Pentland, A. (2014). Big Data And Management,
Academy Of Management Journal. 57(2): 321-326.

Gupta, P., & Trusko, B. E. (2014). Global Innovation Science Hanbook.
McGraw-Hill Education, USA.

Hauschildt, J. (2004). Innovation management. Miinchen, Vahlen Franz
GmbH.

Haustein, H.-D., & Weber, M. (1983). Decision support for innovation
management: application to the lighting industry. Research Report
RR-83-029. Laxenburg, Austria: International Institute for Applied
Systems Analysis.

276


https://doi.org/10.1111/j.1540-5885.2007.00245.x
https://doi.org/10.1142/S1363919615500577
https://doi.org/10.1142/S1363919615500577
https://doi.org/10.1080/13675567.2013.871509
https://doi.org/10.1080/13675567.2013.871509
https://doi.org/10.1109/SMC.2015.57
https://doi.org/10.1109/SMC.2015.57
https://doi.org/10.1108/MD-02-2017-0163
https://doi.org/10.1108/MD-02-2017-0163

Jindra Peterkovd, et al. DECISION MAKING SUPPORT FOR MANAGERS IN INNOVATION MANAGEMENT: A PROMETHEE

APPROACH

Hanafizadeh, P., Kazazi, A., & Jalili Bolhasani, A. (2011). Portfolio design for
investment companies through scenario planning. Management Decision,
49(4), 513-532. https://doi.org/10.1108/00251741111126468

Hecker, A. (2017). The Intrapreneurial Nature of Organizational Innovation:
Toward a New Process Model. International Journal of Innovation, 5(3).

Hoffman, R. C., & Hegarty, W. H. (1993). Top management influence on
innovations: Effect of executive characteristics and social culture. Journal
of Management, 19(3), 549-574. https://doi.org/10.1016/0149-2063(9
3)90004-7

Ishizaka, A., & Labib, A. (2011). Review of the main developments
in the analytic hierarchy process. Expert Systems with Applications,
38(11):14336- 14345.

Kaplan, R. S., & Norton, D. P. (1996). The Balanced Scorecard: Translating
Strategy into Action. Harvard Business School Press, Boston.

Kaplan, R. S., & Norton, D. P. (2000). Balanced Scorecard. Praha: Management
Press.

Kaplan, R. S., & Norton, D. P. (2004). Strategy Maps. Converting Intangible
Assets into Tangible Outcomes. Boston: Harvard Business School
Publishing

Kaplan, R. S, & Norton, D. P. (2006). Alignment, sysytémové vyladéni
organizace Jak vyuzit Balanced Scorecard k vytvdieni synergii. Praha:
Management Press.

Kaplan, R. S., & Norton, D. P. (2010). Efektivni systém iizeni strategie.
Novy ndstroj zvysovini vikonnosti a vytvdieni konkurenini vyhody. Praha:
Management Press.

Kassay, S. (2013). Podnik a podnikanie. Interné procesy. Bratislava: Veda.

Keles, O., & Battal, T. (2017). A Model for Innovation Culture Management
in Organizations (IVALUE 7). International Journal of Innovation, 5(3).

Kiernan, M. J. (1997). Get Innovative or Get Dead: Building Competitive
Companies for the 21" Century. Glouchester: Random House Business
Books.

Keupp, M. M, Palmié, M., & Gassmann, O. (2012). The Strategic Management
of Innovation: A Systematic Review and Paths for Future Research.
International Journal of Management Reviews, 14(4), 367-390. hteps://d
oi.org/10.1111/j.1468-2370.2011.00321.x

Kock, A., & Gemiinden, H. G. (2016). Antecendents to Decision-Making
Quality and Agility in Innovation Portfolio Management. Journal of
Production Innovation Management, 33(6), 670-686. https://doi.org/10
1111/jpim. 12336,

Kopcaj, A. (2007). Spirdlovy management. Praha: Alfa Publishing.

Kortler, S., & Lindemann, U. (2011). a Meta Model of the Innovation Process
To Support the Decision Making Process Using. Engineering, (August).

Kosonen, M., & Kianto, A. (2007). Applying wikis to managing knowledge
- A socio-technical approach. Proceedings of the European Conference on
Knowledge Management, ECKM, 18(1), 541-546. https://doi.org/10.10
02/kpm

Kosturiak, J., Chal’, J. (2008). Inovace vase konkurentni vyhoda! Brno:
Computer Press.

277


https://doi.org/10.1108/00251741111126468
https://doi.org/10.1016/0149-2063(93)90004-7
https://doi.org/10.1016/0149-2063(93)90004-7
https://doi.org/10.1111/j.1468-2370.2011.00321.x
https://doi.org/10.1111/j.1468-2370.2011.00321.x
https://doi.org/10.1111/jpim.12336
https://doi.org/10.1111/jpim.12336
https://doi.org/10.1002/kpm
https://doi.org/10.1002/kpm

International Journal of Innovation, 2018, vol. 6, num. 3, Septiembre-Diciembre, ISSN: 2318-9975

Kosturiak, J., Frolik, Z. (2006). Stihly a inovativni podnik. Praha: Alfa
Publishing,.

Kosturiak, J., Masek, J., Tvaruzek, M., Michélek, T. (2015). Financovani a
piinosy inovaci. MM Priimyslové spektrum 4: 22-27.

Kovac, M., Sabadka, D. (2004). Model inova¢niho potencidlu podniku. T7ansfér
inovacii 7, 3—6.

Kralisch, D., Ott, D., Lapkin, A. A., Yaseneva, P., De Soete, W., Jones, M, ...
Finkbeiner, M. (2018). The need for innovation management and decision
guidance in sustainable process design. Journal of Cleaner Production, 172,

2374-2388. https://doi.org/10.1016/] JCLEPRO.2017.11.173

Kunz, V.D., & Warren, L. (2011). From innovation to market entry: a strategic
management model for new technologies. Technology Analysis & Strategic

Management, 23(4), 345-366.
Li, Q., Maggitti, P. G., Smith, K. G., Tesluk, P. E., & Katila, R. (2013). Top

management attention to innovation: The role of search selection and
intensity in new product introductions. Academy of Management Journal,
56(3), 893-916. https://doi.org/10.5465/am;j.2010.0844

Ludvik, L., Peterkovd, J. (2012). A Probe into the Size Structure of Corporate

Sphere of the Czech Republic and Innovations. ECON "12 22(2): 119~
128.

Ludvik, L., Peterkova, J. (2013). Specifics of size structure and managing role
of the large companies in enterprise environment in the Czech Republic.
Journal of Applied Economics Sciences. 8(1): 63-72.

Macharis C., Brans J.P., Mareschal B. (1998). The GDSS PROMETHEE
procedure : a PROMETHEE-GAIA based procedure for group decision
support. Journal of Decision Systems, 7: 238-307.

Macharis, C., Springael, J., De Brucker, K., Verbeke, A. (2004). PROMETHEE
and AHP: The design of operational synergies in multicriteria analysis.:
Strengthening PROMETHEE with ideas of AHP. European Journal of
Operations Research, 153: 307- 317.

Mana, M. (2016). Inovacni aktivity podniku v CR 2012 — 2014. Cesky statisticky
utad, Praha.

March, ].G., Simon, H. (1993). Organizations. Oxford: Wiley-Blackwell, 1993.

Maxwell, J.A. (2013). Qualitative Research Design: An Interactive Approach.
London: SAGE Publications.

Meifort, A. (2015). Innovation portfolio management: A synthesis and research
agenda. Creativity and Innovation Management, 25(2), 1-19. https://do
i.org/10.1111/caim.12109

Mikol4s, Z., Peterkova, J., Tvrdikova, M. et al. (2011). Konkurenini potenciil
priimyslového podniku. Praha: C. H. Beck.

Mikolds, Z., Wozniakova, Z. (2009). Virtual firm competitiveness. World
Academy of Science, Engineering and Technology 58: 270-274.

Milles, L. D. (1972). Techniques of Value Analysis and Engineering. New York:
McGraw-Hill.

Mlcoch, J. (2002). Inovace a vynosnost podniku. Linde, Praha.

Nagano, M. S., Stefanovitz, J. P., & Vick, T. E. (2014). Innovation management
processes, their internal organizational elements and contextual factors:
An investigation in Brazil. Jowrnal of Engineering and Technology

278


https://doi.org/10.1016/J.JCLEPRO.2017.11.173
https://doi.org/10.5465/amj.2010.0844
https://doi.org/10.1111/caim.12109
https://doi.org/10.1111/caim.12109

Jindra Peterkovd, et al. DECISION MAKING SUPPORT FOR MANAGERS IN INNOVATION MANAGEMENT: A PROMETHEE

APPROACH

Management, 33,63-92. https://doi.org/10.1016/] JENGTECMAN.20
14.02.004

Ocasio, William (2011). Attention To Attention. Organization Science. 22(5):
1286-1296.

Oslo Manual (2005). OECD, third ed. Available from www: http://epp.curost
at.ec.curopa.cu/cache/ITY_PUBLIC/OSLO/EN/OSLO-EN.PDF

Parmenter, D. (2010). Key Performance Indicators, New Jersey: John Wiley &
Sons Ltd.

Pereira, L.P. (2017). Technologies of the Administration and Perenity of Micro
And Small Enterprises, International Journal of Innovation. 5(2): 250-269.

Peterkovd, J., Ludvik, L. (2015). Approach to innovation and innovative
industrial enterprise infrastructure. [n METAL 2015: 24th International
Conference on Metallurgy and Materials: proceedings of abstracts: June
3rd-5th 2015, Brno, Czech Republic.

Peterkova, J. (2018). Vyuziti konceptu inovaci v priimyslovém podniku
[Application of Innovations Concepts in an Industrial Company].
Ostrava: VSB-TU Ostrava. (in Czech).

Pitra, Z. (2006). Management inovacnich aktivit. Praha: Professional Publishing.

Puranam, P., Stieglitz, N., Osman, M., & Pillutla, M. M. (2015). Modelling
Bounded Rationality in Organizations: Progress and Prospects. Zhe
Academy of Management Annals, 9(1): 337-392.

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting,
resource allocation. London: McGraw-Hill International Book Co.

Saaty, T. L., Vargas, L. G. (2001). Models, Methods, Concepts & Applications of
the Analytic Hierarchy Process. Boston: Kluwer Academic Publishers.

Saaty, T. L., Peniwati, K. (2012). Group Decision Making: Drawing out and
Reconciling Differences. Pitsburgh: RWS Publications.

Schewe, G. (1994). Successful innovation management: An integrative
perspective. Journal of Engineering and Technology Management, 11(1),
25-53. htps://doi.org/10.1016/0923-4748(94)90023-X

Suldk, M., Vacik, E. (2005). Méieni vikonnosti firem. EUPRESS, Praha.

Tidd, J., Bessant, J. (2013). Managing Innovation: Integrating Technological,
Market and Organizational Change, Chichester: John Wiley & Sons Ltd.

Tversky, A., Kahneman, D. (1974) Judgment Under Uncertainty: Heuristics
And Biases. Science. 185(4157): 1124-1131.

Ucen, P. (2008). Zvysovdni vykonnosti firmy na bizi potencidlu zlepseni. Praha:
Grada Publishing,

Valenta, F. (2001). Inovace v manazerské praxi. Praha: Velryba.

van Knippenberg, D., Dahlander, L., Haas, M., Gerry, G. (2015). Information,
Attention, and Decision Making. Academy of Management Journal, 58(3):
649-657.

Van Riel A.CR, Lievens A. (2004) New service development in high tech
sectors. A decision making perspective. International Journal of Service

Industry Management, 15(1):72-101

Vance, A. (2015). Elon Musk. How the Billionaire CEO of SpaceX and Tesla is
Shaping our Future, New York: HarperCollins Publishers

279


https://doi.org/10.1016/J.JENGTECMAN.2014.02.004
https://doi.org/10.1016/J.JENGTECMAN.2014.02.004
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/OSLO/EN/OSLO-EN.PDF
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/OSLO/EN/OSLO-EN.PDF
https://doi.org/10.1016/0923-4748(94)90023-X

International Journal of Innovation, 2018, vol. 6, num. 3, Septiembre-Diciembre, ISSN: 2318-9975

Visual Decision Inc. (2008) Why to use PROMETHEE/GAIA instead AHP?
Resource document, Montreal, Quebec, Canada, http://www.visualdecis
ion.com/promethee_vs_ahp.htm (25 November 2008).

Vlcek, R. (1986). Ptiru¢ka hodnotové analyzy. Praha: Nakladatelstvi technické
literatury Alfa.
Vleek, R. (2002). Hodnota pro zdkaznika. Praha: Management Press.

Vleek, R. (2008). Management hodnotovych inovaci. Praha: Management
Press.

Vlcek, R. (2010). Inovace v hospodatské praxi. Moravskd vysokd skola Olomouc,
0. p. s., Olomouc.

Vlcek, R. (2011). Strategie hodnotovych inovaci: tvorba, rozvoj a métitelnost
inovaci. Praha: Professional Publishing,

Yilmaz Eroglu, D., & Kilic, K. (2017). A novel Hybrid Genetic Local Search
Algorithm for feature selection and weighting with an application
in strategic decision making in innovation management. Information
Sciences, 405, 18-32. https://doi.org/10.1016/J.INS.2017.04.009

Yujun, M. (2010). Enterprise Life Cycle‘s Decision—making Characteristics in
Various Stages and Innovation Management Strategy Analysis. Applied
Mechanics and Materials, 33, 143-147. https://doi.org/10.4028 /www.sc
ientific.net/AMM.33.143

Zeleny, M. (2012). High Technology and Barriers to Innovation: From
Globalization to Relocalization. International Journal of Information

Technology & Decision Making, 11(2): 441-456.
Zizlavsky, O. (2012). Hodnocenti inovacni vfkonnosti. Brno: VUT.

Zuzék, R. (2008). Z podnikovych krizi k vitezstvi: kdy je krize piilezitosts. Praha:
Alfa.

Notas de autor

Responsible Editor: Leonel Cezar Rodrigues, Ph.D.
Evaluation Process: Double Blind Review E-ISSN: 2318-9975

Informacién adicional

Cite it like this: Peterkovd, J., & Franek, J. (2018). Decision Making
Support for Managers In Innovation Management: a PROMETHEE
approach. International Journal of Innovation, 6(3), 256-274. htep://
dx.doi.org/10.5585/iji.v6i3.236

280


http://www.visualdecision.com/promethee_vs_ahp.htm
http://www.visualdecision.com/promethee_vs_ahp.htm
https://doi.org/10.1016/J.INS.2017.04.009
https://doi.org/10.4028/www.scientific.net/AMM.33.143
https://doi.org/10.4028/www.scientific.net/AMM.33.143

