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 “If you can't measure it, you can't improve it.” 
Peter Drucker. 

 

economic progress









Objective I. State of the art. 

Objective II. Business environment analysis. 

Milestone:  

Objetive III: Development of a Fuzzy Logic oriented model designed to 
quantify the measure of innovation.  

Milestone:  



Objective IV. New tools for decision- making in innovation management 

 
Fuzzy Logic tools and methodologies as background for research 

Linguistic variables 



Fuzzy sets 

Hamming distance 

Expertons method 



The Ordered Weighted Averaging (OWA) operator 



Forgotten effects theory 
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Companies gain advantage against the world’s best 
competitors because of generating innovations

innovation is what we call in a non-scientific way “economic 
progress”, which means in essence the use of productive resources in ways 
not tested yet in practice, and the retirement of the uses that have had so far

innovation is the tool in which innovative entrepreneur’s exploit the change 
as an opportunity for new innovation refers 
to the process of establishing any new idea, which resolves a problem



the 
successful exploitation of new ideas. 

 innovation is the implementation of a new or significantly 
improved product (good or service), or process, a new marketing method, or 
a new organizational method in business practices, workplace organization 
or external relations.

key activities



Preliminaries 

 measurement as the process of quantifying the efficiency and 
effectiveness of action. a metric 
used to quantify the efficiency and/or effectiveness of an action

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



Initial Theories 



Source: Adapted from Crossan and Apaydin (2010) 

A framework to address innovation measurement  



Source: retrieved from Adams et al., (2006) 



a defined instrument that shapes and 
guides innovation in the organization



Challenges on Innovation Measurement 
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and 



Source: retrieved from Web of Science 2014. 

Source: retrieved from Web of Science 2014. 



Aggregated results 

Quantification of results of the selected papers differentiated by type: 
empiric, literature review or theoretic. Source: Self-elaborated. 



Number of articles differentiated by innovation area that selected 
papers attend. Source: Self-elaborated. 

 
Categorization of articles 
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Uncertainty and innovation  

the importance of an understanding of 
innovation as a process is that it shapes the way in which we try and manage 
it



Source: i Ohme (2002).  

market

The facts of nature are uncertain; the 
economic, social, financial sphere of business change without ceasing; the 
acts of man – because he is free and provided with imagination – like 
relationships between mankind – because these are no robots – are all the 
fundamental causes of uncertainty

Creating New Concepts, Developing Products, Redesigning the 
Production Process and Redesigning of the Marketing Process, Managing 
Knowledge and Technology



Fuzzy logic models and innovation  

Fuzzy sets. Information and Control, 
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Research policy 14

Technology review. Ariel 64

Research in engineering design 24

International Journal of Management Reviews
8

Oxford University Press, New York

Soft Computing in Management and Business 
Economics

Journal 
of Product Innovation Management

Management science 17

Journal of product innovation management 16

Journal of Business and Psychology .



European Journal of Innovation Management 17

Oxford Economic Papers 62

Strategic 
Management of Technology and Innovation

International Journal of 
Production Economics 90

Journal of product innovation management 13

Journal of product innovation 
management 12

Journal of Marketing

Research Policy

Technovation 24

Journal 
of Management Studies, 

European Journal of Marketing

International Journal of 
Management Reviews

European Journal of Innovation Management 5



Newbridge 
Communications.

HM 
Treasury/DTI, London

Journal of Systems and Software
86

Revista Ingenierías Universidad de Medellín 11

Edicions de la Universidad Politècnica de Catalunya

Research Management 29

Psychology Press

International Journal of Technology 
Management

” Springer 15

Journal of Engineering 
and Technology Management 12

Journal of Product Innovation Management

Management Science 43

Springer, 

Springer

Kybernetes 42



Long Range Planning

Innovation Management in UK and 
German Manufacturing Companies

Omega – 
International Journal of Management Science

Technovation 18

International Journal of Technology Management

R&D Management 38

Technology Analysis and Strategic 
Management

The Scientific World Journal 2013

Australian Economic Papers 48
Guide for Managing Innovation: Part 1, Diagnosis

International Journal of 
Environment and Pollution 30

New York

Harvard Business Review

 San Francisco: San Francisco Press.



Kybernetes, 42

Wireless 
Communications, Networking and Mobile Computing, 2008. WiCOM'08. 4th 
International Conference on

Technological Forecasting and Social 
Change

Journal of Evolutionary Economics 15

Expert Systems 
with Applications 38

The Journal of Product Innovation 
Management

Technovation 14

Production Planning & Control 17

Project Management Journal

Long Range Planning

Washington, DC: 
National Science Foundation

International 
journal of operations & production management 15

proceedings of the 
Continuous Innovation Network Conference–CINet 2012, Rome, Italy



Journal of Product 
Innovation Management 30

OECD 
publishing

International Journal of Project 
Management 26

Harvard 
business review

R&D Management 41

Fuzzy sets and systems 78

Research 
Policy 27

Fuzzy logic with engineering applications

R&D Management

International Marketing Review 11
The theory of economic development: An inquiry 

into profits, capital, credit, interest, and the business cycle

Expert Systems with Applications 40

Journal of technology management & innovation 8



Accounting, Organizations and 
Society

Journal of 
Intelligent Manufacturing 15

International Journal of Management 
Reviews 3

Imperial Collage London

 John Wiley 
& Sons

Administrative science quarterly

Research in organizational behavior 14
On the 

Management of Uncertainties in Risk Assessment of Anthropogenic Climate 
Change

Investigaciones Europeas de dirección y economía de la 
empresa 14

R&D Management

Integrated assessment 4

Technovation 28
Information and control 8



Computational Statistics & Data Analysis 51
Information Sciences

178

Engineering 
Applications of Artificial Intelligence 25











Competitive Advantages and Clusters 







Source: DENUE [11]. 



Fuzzy Subset 



Moore Families 



Studied variables 

Source: North American Industry Classification System, [16] 



Source: Self elaborated 

Source: Self elaborated. 
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Tables 3.6 – 3.11 source: self elaborated. 





Source: self elaborated. 



G: Groups, F: Firms, MA: Manufacturing Activities. Source: self 
elaborated. 





Cambridge Journal of Regions, 
Economy and Society 6

Harvard Business Review 74

Economic Development Quarterly
14

Economic Development Quarterly 14



Strategic 
Management Journal 26

Harvard 
Business Review

Analys & Strategic Mangement

Harvard Business 
International 

Conference onTerritorial Development.

Who's Your City?,

Marketing para el nuevo milenio: nuevas 
técnicas para la gestión comercial en la incertidumbre

Nuevas estrategias para el análisis 
financiero en la empresa

Elements for a theory of decision in uncertainty

Fuzzy Sets and Systems 84

Harvard Business Review 76
Galois connections and 

applications

Kybernetes 42

Kybernetes 42







Competitive Municipalities  





.

Fuzzy Approach 



Moore’s closure and Moore’s closed sets 





Maximum Inverse Correspondence Algorithm 



Galois group theory and Galois Lattices 

K



Definitions of the theory 
 

Definition 1.

Definition 2.

Definition 3.

Definition 4.

Definition 5.

Definition 6.



Source: Retrieved from Nation (1985) 

Proposed variables  

(of the Population)

Source: Self-elaborated. Retrieved from Alfaro et al 2014 



Proposed municipalities 

Source: Self-elaborated. Retrieved from INAFED (2010) 
 



Grouping by affinities 

Excellent performance) Disastrous performance). 

Source: Self-elaborated 



Source: Self-elaborated. Calculated using (INAFED 2010; INEGI 
2014; UNPD 2014) 



Infrastructure, Public Services, Education Technology

Source: Self-elaborated 



Maximum inverse correspondence algorithm 

power set

power set

connection to the right 
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connection to the 
right power set

Source: Self-elaborated 

affinities

Results and Discussion 



Source: Self-elaborated 
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Innovation management measurement  





The theory of expertons 





Aggregation operators in decision-making 





Source: Self-elaborated.  
* Total estimate of registered manufacturing SMEs in the city of 

Morelia, México. (INEGI, 2015).  
**Response rate of the sample.  



Validation of the survey  

Source: Authors calculations based on data collected in fieldwork. 
*N = 91 Valid cases (100%).   



IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers 
Source: Authors calculations based on data collected in fieldwork. 

** Correlation is significant at the 0.01 level (bilateral) 

Fuzzy Analysis 

 
Expertons Analysis 











IGOWA analysis 

w1 w2 w3 w4 w5 

Source: Collected from expert opinions. 



u1 u2 u3 u4 u5 

Source: Collected from expert opinions. 
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The State of Michoacán, México 

Specialized Economic Sectors  



Source: Conacyt, 2015. 



Innovation Measurement Areas 



Source: Adapted from Adams et al., (2006). 





Application of the model 



EM: Existent Markets; GR: Growth Rate; VA: Value added; IIM: 
Impact on Internal Markets; IC: Income; HEN: Higher Education Network; 

SC: Specialized Centers. Source: Retrieved from the statistics presented in 
Conacyt (2015). 

IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers. Source: Retrieved from 
the statistics presented in Conacyt (2015). 



IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers. Source: Self – 
elaborated. 



Source: Self – elaborated. 

IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers. Source: Self – 
elaborated. 



IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers. Source: Self – 
elaborated. 

Results and discussion 



IS: Innovation Strategy, KM: Knowledge Management, PM: Project 
Management, PtM: Portfolio Management, ID: Internal Drivers, OS: 

Organization and Structure, ED: External Drivers. Source: Self – 
elaborated. 
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The OWA operator  

The induced OWA operator  



 
The Quasi-IOWA operator 

 



The IOWMA operator 

The GOWLA operator  



Main concepts 











Characterization of the weighting vector 



















Decision-making process 





IGOWLA Illustrative Example 





























The ordered weighted averaging operator 

The Hamming distance 



The ordered weighted averaging distance operator 



The ordered weighted logarithmic averaging operators 



The weighted logarithmic averaging distance operator 



The ordered weighted logarithmic averaging distance operator 







Alternative formulations of the OWLAD operators 





Classic weighting characteristics 



A general characterization of the aggregation 



Transformation of the OWA measures into the R-scale 





OWLAD operator families 





The generalized weighted logarithmic averaging distance operator 









The generalized ordered weighted logarithmic averaging distance operator 



Alternative formulations of the GOWLAD operator 





The GOWLAD operator families 
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GOWLAD operator numerical example 
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