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Resumen

Este estudio presenta los multiples factores a considerar para establecer los principios, objetivos y estrategias que
influyen en la cultura organizacional en materia de gestién de la innovacién con énfasis en la 14.0., donde se
identifican 99 factores en base a revision de literatura. Este estudio es significativo al presentar la determinacion de
un nimero reducido de factores, seleccionando los mds significativos, mediante los métodos CODAS (Combinative
Distance Assessment) y Organizacion de Clasificacién de Preferencias para el Enriquecimiento de las Evaluaciones
(PROMETHEE II) de manera comparativa. El andlisis incluye adicionalmente métodos de ponderacién de reduccién
de la ambigiiedad, que considera la ponderacién basada en los conocimientos adquiridos por los investigadores en la
cultura organizacional de innovacién y el juicio de expertos bajo la escala Saaty. El andlisis comparativo determind
que las alternativas propuestas por el andlisis CODAS modificado y PROMETHEE 1I, tienen un factor de
coincidencia 43% entre los principales 30 factores seleccionados de 99, de las alternativas iniciales disponibles,
proporcionando mayor confianza en la seleccion de factores en gestiéon de la innovacién, asi como la toma de
decisiones en la asignacion de recursos disponibles en las organizaciones para estos fines.

Abstract

This study presents the multiple factors to be considered to establish the principles, objectives and strategies that
influence the organizational culture in terms of innovation management with emphasis on 14.0. This study is
significant because it presents the determination reduced of the number of factors, where 99 factors are identified
based on the literature review, selecting the most significant ones, by means of the methods CODAS (Combinative
Distance Assessment) methods and Preference Classification Organization for the Enrichment of Evaluations
(PROMETHEE 1I) in a comparative way. The analysis also includes weighting methods for the reduction of
ambiguity, which considers the weighting based on the knowledge acquired by the researchers in the organizational
culture of innovation, and the judgment of experts under the Saaty scale. The comparative analysis determined that
the alternatives proposed by the modified CODAS analysis and PROMETHEE II have a factor agreement of 43% of
the main 30 factors selected from 99, of the initial available alternatives, providing greater confidence in the selection
of factors in innovation management, as well as the decision making in the allocation of available resources e in the
organizations for these purposes
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Introduction

The study presents in a comparative way the multi-criteria decision making analysis tools CODAS methods and
PROMETHEE II for innovation management with emphasis on the 14.0; the analysis additionally includes ambiguity
reduction weighting methods, which considers the weights based on knowledge acquired by researchers in the
innovation organizational culture, and the judgment of experts under the Saaty scale. The alternatives presented in
the modified CODAS and PROMETHEE II comparative analysis have a factor agreement of 43% from the top 30,
selected from 99 available initial alternatives, providing greater confidence in the selection of factors in innovation
management, as well as decision making in the allocation of available resources in organizations for these purposes.

Theorectical And Conceptual Framework

The organizational culture is fundamental for innovation (Naranjo-Valencia & Calderén-Herndndez, 2015; Hoogan
& Cote, 2014; Krasnicka, Gtéd, Wronka, 2018), for increasing the companies competitiveness (Piccarozzi, Aquilani,
& Gatti, 2018), for this reason, and considering the six dimensions established by the OECD (2015): (i.e. research
and development, product, commercialization, quality and finances as the main ones),; 99 alterntives are identified
in literature review and categorized in technology, finances, process, knowledge, organization and management of
intellectual property (Sansabas-Villalpando, Pérez-Olguin, Pérez-Dominguez, Rodriguez-Picon & Méndez-
Gonzilez, 2019), considering Industry 4. 0 (Zhong, Xu, Klotz, & Newman, 2017; Adamik & Nowicki, 2019; Miiller,
2019; Birkel, Veile, Miiller, Hartmann & Voigt 2019; Braccini & Margherita, 2019), the use of new technological
tools derived from artificial intelligence, the Internet of things, large data, automation, robotization, digitalization,
etc., as relevant information for comparative analysis

Multi-criteria decision analysis methods (MCDA) have been successfully applied in different fields and disciplines
(Roodposhti, Rahimi, & Beglou,2014; Satabun, Watrébski, & Shekhovtsov, 2020; Dachowski, & Gatek, 2020. The
PROMETHEE II method (Preference Ranking Organization Method for enrichment evaluation), based on the
preference function that can be effectively used on finite set of classification and selection alternatives based on some
mutually independent and contradictory criteria, using pairwise comparison of alternatives where deviations shown
by the alternatives according to each criterion are considered (Brans, & Mareschal, 2005).

The steps used in the development of the PROMETHEE II method.

Step 1. Standardize the initial decision matrix
For benefit criterial:

N [xl]—Mm(xU)]
y [Max(x;j)—Min(x;))]

R

ey

= For non benefit criterial:

o [Max(xij)=xij]
) [Max(x;j)—Min(x;))]

R

2

Step 2. Calculate the evaluative differences of the alternative ith alternative with respect to other alternatives.

Step 3. Calcule the values of the preference function:

ila,b) = .
] (Raj — ij) SlRaj > ij

Step 4. Calculate the added preference function:
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m(a,b) = [X}., w;Pi(a, b)] /T w; )

Step 5. Determine the input and output flow of the hierarchies:
Input flow:
1
pt = — Xp=17(a,b) (a#b) 5)

Output flow:

¢~ =—Yi n(ba) (a#b) (©)

Step 6. Calculate the net outranking for each alternative:

p(a) = ¢*(a)- ¢~(b) @)
Step 7. With the obtained values of ¢(a) the alternatives are hierarchized.

Methodology

This study is based on the multi-criteria analysis of the 99 factors that influence the promotion of an organizational
culture towards innovation with emphasis on Industry 4.0, the CODAS methodology is applied, see the process in
Figure 1. Subsequently, the initial CODAS analysis was evaluated, selecting the factors and considering the highest
value, that differs from the initial analysis, which was consider the lowest value for classification purposes, thus
defining the modified CODAS; continuing with PROMETHEE 1I, in both methods include the assignment of
linguistic terms (HFLTS), are included for the assignment of values within a qualitative context, (Rodriguez, 2012).
The weighting used is obtained by AHP (Wind & Saaty, 1980), the knowledge acquired and the reduction of
ambiguity. Cronbach's alpha analysis is carried out to determine the consistency of the values included. A modified
comparison of CODES and FTOPSIS is performed to determine the level of agreement in the higher-ranking factors.
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Fig. 1: CODAS methodology (Sansabas-Villalpando, Pérez-Olguin, Pérez-Dominguez, Rodriguez-
Picon & Méndez-Gonzalez, 2019).

Results

In the comparative analysis as a tool for decision making with the multicriteria methods of CODAS modified and
PROMETHEE II, an agreement is found, in the selection of the factors of 43%, providing a reinforcement in the
selection of organizational culture factors of innovation management, this applied allows to assignment of resources
focus on relevant management. Table 1 presents the results obtained from the modified CODAS and Table 2 the
results obtained from PROMETHEE II.
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Tabla 1: Codas Modified ranking

CODAS MODIFIED
Assessment Weight

1D CODE Ei Ti Score Ranking

10 | KM10 0.0931 5.9339 -0.7353 28
26 | om10 0.1005 | 6.6364 -1.4214 1
27 | om11 0.0992 | 6.3345 -1.3078 12
30 |omi4 0.0970 | 6.4046 -1.0992 16
31 |omis 0.1005 | 6.6364 -1.4214 2
33 |omi7 0.1005 | 6.6072 -1.4175 4
41 | om2s 0.1004 | 6.5488 -1.4120 6
50 | om3a4 0.1004 | 6.5488 -1.4120 7
52 | omse 0.0994 | 6.2635 -1.3301 11
53 | om3a7 0.1005 | 6.6364 -1.4214 3
58 | om42 0.1005 | 6.6072 -1.4175 5
65 | PRM3 0.0994 | 62927 -1.3309 10
85 | Tm1 0.0998 | 6.4559 -1.3596 8
81 | 1Pm3 0.0962 | 6.0648 -1.0266 17
12 | Km12 0.0933 | 5.7689 -0.7622 26
13 | KM13 0.0938 | 6.0852 -0.8018 23
28 |omi2 0.0970 | 6.2483 -1.0993 15
29 |omi3 0.0930 | 58172 -0.7308 29
37 | om21 0.0936 | 53778 -0.7990 24
54 | omas 0.0946 | 5.6063 -0.8860 22
56 | om40 0.0990 | 6.0193 -1.3007 13
23 |omz 0.0933 | 57105 -0.7600 27
63 | PRM1 0.0990 | 5.9901 -1.2989 14
66 | PRM4 0.0957 | 5.9853 -0.9829 21
68 | PRM6 0.0996 | 6.4094 -1.3424 9
69 | PRM7 0.0960 | 6.1484 -1.0094 18
96 | ™12 0.0958 | 6.1020 -0.9965 20
97 | ™13 0.0958 | 6.0025 -0.9989 19
91 |Tm7 0.0930 | 58464 -0.7306 30
92 | Tvs 0.0938 | 6.0268 -0.7980 25
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Conclusions

In the analysis carried out of the modified CODAS methodology and PROMETHEE II we found a 43% coincidence
in the selection of the most significant factors; this allows us to conclude that the tool for decision making of factors
the innovation in Industry 4.0 environment can be determined under any of the two methods as a tool that
complements the selection of the allocation of resources by the decision-makers.

Table 2: PROMETHEE II, ranking

PROMETHEE Il

o(a)= o+
Ref | Code O+ 0- (a)-¢-(b) Rank
10 | KM10 0.9393 0.0762 0.8632 1
26 | OM10 0.1701 0.0402 0.1299 14
27 | OM11 0.1452 0.0508 0.0943 24
30 | OM14 0.1518 0.0534 0.0984 22
31 | OM15 0.1701 0.0402 0.1299 15
33 | OM17 0.1669 0.0405 0.1264 17
41 | OM25 0.1701 0.0475 0.1225 19
50 | OM34 0.1701 0.0453 0.1248 18
52 | OM36 0.1468 0.0560 0.0908 27
53 | OM37 0.1701 0.0424 0.1277 16
58 | OM42 0.1701 0.0478 0.1223 20
65 | PRM3 0.1468 0.0546 0.0922 26
85 | TM1 0.1363 0.0572 0.0791 29
2 KM2 0.1912 0.0781 0.1131 21
5 KM5 0.2936 0.1246 0.1690 9
7 KM7 0.2054 0.0631 0.1423 13
32 | OM16 0.4752 0.0168 0.4584 2
39 | OM23 0.2234 0.0443 0.1791 6
40 | OM24 0.2021 0.0514 0.1507 11
45 | OM29 0.3000 0.0662 0.2338
19 | OM3 0.2945 0.0323 0.2621 4
47 | OM31 0.3418 0.0260 0.3159
48 | OM32 0.1624 0.0740 0.0884 28
51 | OM35 0.2637 0.1033 0.1604 10
20 | OM4 0.1869 0.0917 0.0952 23
21 | OM5 0.2190 0.0695 0.1495 12
24 | OM8 0.2530 0.0750 0.1780 8
25 | OM9 0.3461 0.1676 0.1785 7
72 | PRM10 0.2177 0.1430 0.0746 30
88 | TM4 0.1970 0.1039 0.0931 25

o+ Positive input flow
¢- Negative input flow
¢®(a) Hierarchy of alternatives
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management in the cloud (Code e Commitment to innovation (Code
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e Exploitative learning (Code ® External communication-interaction
KM5). other media virtual connections
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Process Management 1 Culture of e Trust suppliers, to keep them
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e Technological capabilities use Industry 4.0 industry (Code OM24).
of Data mining (Code PRM6). e Success-orientation to achievement
e Technological capabilities in (Code OM25).
programming and Software e Interaction with suppliers-value chain
development (Code PRM7). e Involment (Code OM31).
o Artificial Intelligence (Code e Loyalty (Code OM32).
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e Strategic orientation towards the
client (OM35).
Technology Management Participation of the workers (Code
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e Acquisition of complementary
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e IT Architecture Capabilities

Responsibility (Code OM37).
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(Code TM4)- ' * Risk taking aversion to new projects,
¢ Capacities-Information acquisition of technology and
Technology (Code TM7). development of new technology

e Focus on incremental
innovation (Code TMS).
e External laboratories (Code
T™MI2) :
e Own laboratories (Code \
!
I

(Code OM40).
e Teamwork (Code OM42).

TMI3).

Figure 2: Model of organizational culture in innovation with emphasis on Industry 4.0.
(CODAS-Modified and PROMETHEE II).

References

e Adamik, A., & Nowicki, M. (2019). Pathologies and paradoxes of co-creation: A contribution to the
discussion about corporate social responsibility in building a competitive advantage in the age of Industry
4.0. Sustainability, 11(18), 4954.

11512



Sustainable Economic Development and Advancing Education Excellence in the era of Global Pandemic

Birkel, H. S., Veile, J. W., Miiller, J. M., Hartmann, E., & Voigt, K. I. (2019). Development of a risk
framework  for  Industry 4.0 in the context of sustainability for  established
manufacturers. Sustainability, 11(2), 384.

Braccini, A. M., & Margherita, E. G. (2019). Exploring organizational sustainability of industry 4.0 under
the triple bottom line: The case of a manufacturing company. Sustainability, 11(1), 36.

Brans, J. P., & Mareschal, B. (2005). PROMETHEE methods, in ‘Multiple Criteria Decision Analysis: State
of the Art Surveys’ Edited by J. Figueira, S. Greco, M. Ehrgott.

Dachowski, R., & Gatek, K. (2020). Selection of the Best Method for Underpinning Foundations Using the
PROMETHEE II Method. Sustainability, 12(13), 5373.

Keshavarz Ghorabaee, M., Zavadskas, E. K., Turskis, Z., & Antucheviciene, J. (2016). A NEW
COMBINATIVE DISTANCE-BASED ASSESSMENT (CODAS) METHOD FOR MULTI-CRITERIA
DECISION-MAKING. Economic Computation & Economic Cybernetics Studies & Research, 50(3).
Krasnicka, T., Giéd, W., & Wronka-Pospiech, M. (2018). Management innovation, pro-innovation
organisational culture and enterprise performance: testing the mediation effect. Review of Managerial
Science, 12(3), 737-769.

Hogan, S.J., & Coote, L. V. (2014). Organizational culture, innovation, and performance: A test of Schein's
model. Journal of business research, 67(8), 1609-1621.

Manyika, J., Sinclair, J., Dobbs, R., Strube, G., Rassey, L., Mischke, J., ... & Ramaswamy, S. (2012).
Manufacturing the Future: The Next Era of Global Growth and Innovation, McKinsey &
Company. McKinsey Global Institute (MGI).

Miller, J. M. (2019). Antecedents to digital platform wusage in Industry 4.0 by established
manufacturers. Sustainability, 11(4), 1121.

Naranjo-Valencia, J. C., & Calderén-Hernandez, G. (2015). Construyendo una cultura de innovacién. Una
propuesta de transformacion cultural. Estudios gerenciales, 31(135), 223-236.

Manual, O. (2015). Guia para la recogida e interpretacion de datos de sobre innovacién. (3°. Edicién). OCDE
European Communities. Grupo Tragsa. Pajo, Coetzer y Guenole.(2010). Formal Development Opportunities
and Medium Sized Enterprises. Journal of Small Business Management, 48(3), 281-301.

Piccarozzi, M., Aquilani, B., & Gatti, C. (2018). Industry 4.0 in management studies: A systematic literature
review. Sustainability, 10(10), 3821.

Rodriguez, R.M.; Martinez, L.; Herrera, F. (2012). Hesitant fuzzy linguistic term sets for decision making,
IEEE Trans. Fuzzy Syst., vol. 20, no. 1, pp. 109-119.

Roodposhti, M. S., Rahimi, S., & Beglou, M. J. (2014). PROMETHEE II and fuzzy AHP: an enhanced GIS-
based landslide susceptibility mapping. Natural hazards, 73(1), 77-95.

Satabun, W., Watrdbski, J., & Shekhovtsov, A. (2020). Are MCDA Methods Benchmarkable? A
Comparative Study of TOPSIS, VIKOR, COPRAS, and PROMETHEE II Methods. Symmetry, 12(9), 1549.
Sansabas-Villalpando, V., Pérez-Olguin, 1. J. C., Pérez-Dominguez, L. A., Rodriguez-Picén, L. A., &
Mendez-Gonzdlez, L. C., (2019). CODAS HFLTS Method to Appraise Organizational Culture of
Innovation and Complex Technological Changes Environments. Sustainability, 11(24), 7045.

Wind, Y., & Saaty, T. L. (1980). Marketing applications of the analytic hierarchy process. Management
science, 26(7), 641-658.

Zhong,R. Y., Xu, X., Klotz, E., & Newman, S. T. (2017). Intelligent manufacturing in the context of industry
4.0: areview. Engineering, 3(5), 616-630.

11513



